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I. INTRODUCTION 

As the Nat i on ' s  research and devc i opmcnt organ1 mati on f o r  aeronaut1 cs  and 
space, NASA must l o o k  con t tnuous ly  t o  t h e  f u t u r e .  Long b e f o r e  a  goal  I s  
reachod, new goa l s  must be de f ined ,  Each advance toward a progr'am o b j e c t i v e  
se rves  as a b u l l d i t - 7  b l ock  f o r  f u t u r e  proarbams. That c o n t i n u a l  evolution o f  
NASA's r e s e a r c h  and deve lopment  i s  r e f l e c t e d  i n  t h i s  r e p o r t  gn t h e  NASA 
program p lan  f o r  FY 1985 and l a t e r  years .  

' I h e  p l a n  o u t l i n e s  t h e  d i r e c t i o n  3f NASA's f u t u r e  a c t i v i t i e s .  It i s  
c o n s i s t e n t  w i t h  n a t i o n a l  p o l i c y  f o r  bo.r;h space and aeronau t i cs  and w i t h  t h e  
F'r 1985 budget t h e  Pres ldent  submi t ted t o  Congress i n  January 1984. That 
budget  proposes t h e  Na t i on ' s  f i r s t  new major  manned space f l i g h t  initiative i n  
r e c e n t  years: t h e  development o f  a  space s t a t i o n  t o  e s t a b l i s h  a pern~anent 
I1.S. manned presence I n  space, That initiative, t o  be undertaken a t  t he  
P r e s l d e n t ' s  d i r e c t i o n  on an i n t e r n a t i o n a l  , c o o p e r a t i v e  b a s l s ,  i f  a t  a1 1 
p o s s i b l e ,  i s  an i m p o r t a n t  s t e p  t o w a r d  e n s u r i n g  NASA's and t h e  N a t i o n ' s  
con t l nued  pr imacy In t he  e x p l o r a t l o n  and use o f  space. 

For t h e  yea rs  beyond FY 1985, t he  p l a n  c o n s i s t s  o f  a c t i v i t i e s  t h a t  a re  
technologically p o s s i b l e  and cons idorod t o  bo i n  t h o  n a t i o n a l  i n t e r e s t .  Its 
implementat ion w i  11 ensure l o g i c a l  and con t inued  progress i n  reaching t h e  
N a t i o n ' s  goals  i n  aeronau t i cs  and space, cons i  s t e n t  w i t h  t h e  respons l  b i l  l t i e s  
ass igned NASA by t h e  Natiuna'l Aeronaut ics  and Space Act  o f  1958, as amended. 

S e c t i o n  I 1  o f  t h i s  r e ~ o r t  summarjzes t h e  major f ea tu res  o f  t h e  programs 
desc r i bed  i n  g r s a t e r  deta41 I n  Sect ions ZIi through I X .  Sec t ion  X l i s t s  t h e  
abbreviat-lons and acronyms t h a t  appear i n  t h i s  r e p o r t ;  and Sec t ion  X I  con ta i ns  
t h e  r e p o r t ' s  i ndex .  Unless o therw l  se i n d i  cated , dates throughout  a re  f i s c a l  
y e a r  dates, October 1 through September 30. 

T h i  8 r e p o r t  i s  a  work ing document. I t  s u m a r i  zes t h e  s t a t u s  o f  NASA's 
plans a t  t h e  t i n e  o f  I t s  p repara t ion ,  approx imate ly  t h e  end o f  February 1984. 
Comments and suggest ions a re  welcome and w i l l  r ece i ve  c a r e f u l  cons ide ra t i on .  

F o r  d e t a i l e d  i n f o rma t i on  on a planned program, c a n t a c t  che respons ib le  
program o f f  i ce . The p lans  c o n t i n u a l l y  evolve.  Consequerttl; , f you a re  
work ing  i n  areas r e l a t e d  t o  NASA's programs and knowledge o f  t h e  l a t e s t  s t a t u s  
o f  NASA's p lans  i s  impor tan t  t o  your work, up-to-date fn fo rmat ion  f rom the 
app rop r i a t e  program o f f i c e s  i s  e s s e n t i a l  . 

To o b t a i n  c o p i e s  o f  t h i s  r e p o r t  o r  g e n e r a l  i n f o r m a t i o n  abnu t  N A S A ' s  
program p lann ing  , con tac t  Thomas W .  Chappel 1  e, Code LB, P'.'40na'l Aeronaut1 cs  
and Space Admi n i  s t r a t i o n ,  Washington, DC 20546. 

I n  January 1984, NASA's Of f ice o f  Aeronaut ics  and Space Technology updated 
t h e  NASA Space Systems Technology Model. A copy o f  t h e  e x e c u t V ~ v e  summary o f  
t h a t  r e p o r t  c a n  be o b t a i n e d  f r o m  S t a n l e y  R .  Sad5!n, Code RS, N a t i o n a l  
Aeronaut ics  and Space Adrnini s t r a t i o n ,  Washington, DC 20546. The more d e t a i l e d  
r e p o r t  volumes and the f u l l  da ta  base c o n s t i t u t e  an ex tens i ve  s e t  o f  documents 
a v a i l a b l e  o n l y  t o  those who can demonstrate a need f o r  them. 
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I I. SUMMARY AND PERSPECTIVE 

A. M i  ss i  on, Goal s, and Ob,jecti vesS 

The Reagan Admin is t ra t ion  assumed o f f i c e  i n January 1981 comwltted Lo 
main ta ln ing  U.S. leadership i n  aeronautf cs and space, Toward t h a t  ob jec t jve ,  
St gave t o p  p r i o r l t y  t o  complet ing development o f  NASA's  Space Shu t t l e  and, 
w i t h  the S h u t t l e  as the core element, t o  achfevlng f u l l  o  rational s ta tus  f o r  
t he  Space Transportat ion System as an economically p r o f  / t a b l e  and productive 
nat lona l  resource, Advancement o f  those and other  NASA space programs has 
benef i ted  t h e  economy and, a t  the same t ime, confirined NASA's s ta tus  as a 
w o r l d  l e a d e r  . i n  sc ience and techno logy .  Space e x p ' l o r a t i o n  has been and 
cont inues t o  be a c a t a l y s t  f o r  na t iona l  progress and achievemer,t. 

The d i r e c t i o n  o f  NASA's mission and a c t i v i t i e s  i n  space cont inues t o  
r e f l e c t  na t i ona l  pol I cy  and purpose as s ta ted  i n  t he  Nat ional  Aeronautics and 
Space Act o f  1958, as amended, A 1 andmark achtevement o f  the  U.S. p o l i t i c a l  
system, t h a t  a c t  d i r e c t s  NASA t o  explore space fo r  p a c e f u l  purposes f o r  the  
b e n e f i t  o f  a l l  mankind and t o  coopera te  w i t h  o t h e r  n a t i o n s  o r  groups o f  
na t ions  i n  p u r s u i t  o f  the  Ac t ' s  ob jec t1  ves, That cornmltment was reaffirmed by 
the Presfdent i n  h i s  State o f  t he  Unlon addross t o  Congress on January 25, 
1984. He presented " fau r  g rea t  goals t o  keep America f r e e  and secure I n  the  
e i g h t i e s " :  " t o  ensure steady economic growth," " t o  b u i l d  on America's ploneer 
s p i  r i t  and develop our next  f ront ier- -space ,I1 "strrlngthenf ng our communi t y  o f  
shared values , I '  and "a l a s t i n g  and meaningful peace," The l a s t  o f  those goals 
i s ,  the President  sald, "our g rea tes t  aspi rat ion."  

Accompl i shment o f  the second goal , development o f  the  space f r o n t i e r ,  w i l  l 
a f f e c t ,  and con t r i bu te  t o  achievement o f ,  t he  other  three, Toward I t s  accom- 
p l  1 shmsnt , the Presl dent d i  rec ted  NASA " t o  develop a permanent manned space 
stst lon--and t o  do i t  w l t h i n  a decade." The permanent U,S, presence i n  spacs 
i t will prov ide  w i l l  enable the  Nation, he said, " t o  f o l l o w  our dreams t o  
d i  s ta i? t  s t a r s ,  1 i v i n g  and work ing  i n  space f o r  p e a c e f u l  , economic and 
s c i e n t i f i c  gain." 

As c u r r e n t l y  perceived by NASA engineers and s c i e n t i s t s ,  t h e  space s , ta t ion  
w i  11 be evol u t l o n a r y  i n  concept and design t o  accommodate add1 t i o n ,  mod! f i c a -  
t i o n ,  and, In f u t u r e  decades,  replication. It i s  t o  be  a m u l t j p u r p o s e  
f a z i l i  ty I n  Ear th  orb1 t, permanently occupied by humans. A na t iona l  research 
l abo ra to ry  f o r  both government and Indus t r y ,  i t  w j l l  serve, as  wel l ,  as a 
r e p a i r  and assembly s t a t i o n  for s a t e l l i t e s  and payloads f o r  space, As i t  
evolves, i t  u l t i m a t e l y  w i l l  serve as a base f o r  new rrperatlons and i n i t i a t i v e s  
i n  space and, most important, i t  w i l l  be valuable f o r  the  c rea t i on  o f  new 
techno1 ogies and indus t r ies .  Such a f a c l l  i t y  I n  f u l l  operat ion, t h e  President 
po ln ted  out, has "enormous p o t e n t i a l  f o r  tommercc." Research i n  space i s  
expected t o  y i e l d  new products l ead ing  t o  new businesses. I n  add1 t i on ,  devel-  
opment and product fon o f  t h e  space s t a t i o n  w i l l  be a boost t o  the economl; and 

I t h e  new s k i l l s ,  advanced knowledge, and technology t h a t  r e s u l t  w i l l  be used i n  
o the r  areas o f  induslr,y, Each new step I n  achiev ing aerospace goals has added 
new dimensions o f  e x c e l l e n c e  t o  f n d u s t t * l a l  c a p a b i l i t i e s ;  and i f  p a s t  i s  
prologue, t h i s  g rea t  enhancement; o f  space c a p a b i l i t i e s  c e r t a i n l y  wf 11 c o n t r i  b-  
u t e  t o  economic growth, 



P f o n a e r l n g  i n  space by  b u i l d i n g  a permanent s e t t l e m e n t  I t 1  t h a t  v a s t  
f r o n t i e r  a1 so has moaning w i t h  respect t o  t h c  President's t h i r d  and f o u r t h  
~ j o a l s :  "strengthening our community o f  shared valuos" and "a  l a s t i n g  and 
meaningful poacc." A community i n  space, w i t h  U,S, personnel wcrklng and 
f unc t i on ing  there,  w l l l  reflect the  shared values o f  a democracy I n  a c l l c n  f o r  
frotldom and peace, The Presldant  in tends  the  U.S. space s t a t i o n  t o  be an 
i n s t r u m ~ n t  f o r  peace, Other nat lons,  he stated,  w l l l  be i n v l  ted t o  j o i n  the 
Unt ted States on t h e  s t a t i o n  "so we can strengthen peace, b u i l d  p rosper f ty  and 
expand freedom f a r  a l l  who share our 

Est imates are  t h a t  t h e  space s t a t i o n  can be I n  o r b i t  by 1992, the 500th 
anniversary year  o f  h e r i c a ' s  d iscovery by Columbus. Now, as then, the  d-is- 
covery o f  a new f r o n t i e r  I s  prelude t o  i t s  development. A new world emerged 
then;  and manklnd now may be on the  th resho ld  o f  b u i l d i n g  another new wor ld 
o r ,  itt least,, o f  extending Ear th 's  l i m l t s  i n t o  near space and beyond. 

I n  ex tend ing  Ear th 's  l i m i t s ,  NASA has sect f o r  i t s e l f  t h e  f o l l o w i n g  goals, 
each o f  which i s  i n  keep-lng w i t h  the  mandates o f  the National P,eronautiss and 
Space Act o f  1958, as amended: 

o Provide NASA personnel a c rea t f  ve environment wi th  the  best f a c l  l i l l e s ,  
support services, and management support so t h a t  t he  conduct o f  t h e l r  
research, development, m i  ss l  on, and operat ional  responsf b i  'I i t i e s  w l l l  
be a f  t h e  h lghest  excellence 

o Develcp a f u l l y  ope ra t l  onal and cost; e f f e c t i v e  Space Transportat ion 
System t o  provfde r o u t l n c  access t o  space f o r  domestic and fo re ign  
commerci a1 and governmental users 

o E s t a b l i s h  a permanetst manned presence I n  space t o  expand exp lora t ion  
and use of  space f o r  a c t i v i t i r s  which enhance the  s e c u r i t y  and we1 fa re  
o f  humant t y  

o Conduct an aeronaitt i  cs research and development program which c o n t r l  b- 
u t e s  s u b s t a n t i a l l y  .to advanced technology and t o  the maintenance o f  
U.S. l eadersh ip  i n  c i v i l  and n i i l i t a r y  av ia t i on  

o Conduc t  r e s e a r c h  and development i n  t h e  space sc iences  t o  expand 
knowledge o f  Earth, 1 t s  envf ronment , t h e  so lar  system, and the universe 

o Maintain space appl l c a t i  ons and techno1 ogy programs t o  advance U.S, 
1 eadershi p and s e c u r i t y  

o Expand opportuni t i e s  For investment and p a r t i  c i  p a t 1  on i n  c i  v i  I space 
and space-related a c t i v i t i e s  by t h e  U,S. p r i v a t e  sec tor  

o E s t a b l  i s h  NASA as a l e a d e r  i n  t h e  development and a p p l i c a t i o n  a f  
advanced technology and management t o  improve and increase Agency and 
n a t i  anal productf  v i  t y  . 

The Admint s t r a t i o n ' s  proposed budget for NASA fo r  FY 1985 supports those 
goals, inc lud f  ng s u f f i c i e n t  r'undlng *or some new t n i t i a t i  ves. It r e f l e c t s  t h e  
Pres ident 's  commt tment; t o  establ i slrl  ng a permanently manned space s t a t i o n  and 
recognizes the  importance o f  research and development f o r  the  we l l  -being o f  



thc nat lona l  economy, F l l g h t  a c t i v i t y  w l l l  cont inua t o  Incrcasc t o  accommo- 
date not  on l y  NASA payloads, b u t  a l so  those of pnylng customers, w i t h  plans 
c a l l i n g  f o r  ssvcn t;o e i g h t  S i i u t t l e  a l ss ions  i n  FY 1984, 1 1  in FY 1985, 16 i n  
FY 1986, and eontfnued jncreascs through the  and o f  the  1980s. 

The pr inc tpa? activities provfdcd f o r  arc as fo l lows:  

o Spacc Tr~nsportnt ion--Whi  le movlng forward on the Space Stlation pro-  
gram, t o p  p r i o r i t y  a t t e n t i o n  t o  achiev ing f o r  tho Space Transportat ion 
System the  a b i l i t y  t o  f i l l  space t r anspor tn t i on  needs through the 19805 
and beyond 

o Space Scl cnce and Appl !cat1 ons--Cone1 nued progress on approved 
projects, i n i  t l a t l  on o f  such programs as Upper Atmosphere Research 
Satel l 1 t e  and Mars Geoscf ence and Cl imatology Observer and fu r ther  
tech r~o logy  development and a ground t e s t  program f b r  t he  Advanccd 
Communications Technol ogy Satel 1 i t e  

o Space Research and Technology--Continued e f f o r t s  i n  generic d i s c i p l  i n -  
a r y  base technology proyrams w i t h  modest expansion o f  system or ien ted  
e f f o r t s  i n  p la t fo rms and space s t a t 1  on techno1 ogy, t ranspor ta t f  on 
systems, anr: spacecraft  

o Aeronaut l e a l  Research and Technol sgy--Addl tf onal ~ o r k  I n  aert rlautl ca l  
d i s c i p l i n e s  such its aerodynamics, s t ruc tures ,  ma te r i a l  s, propul s i  an, 
and c o n t r o l s  t o  prov ide technology f o r  t o t a l  ly new a i  r c r a f t  systems, 
i nc1 ud l  ng r o t o r c r a f t ,  hlgh performance and subsonic a1 r c r a f t  , and 
advanced propul s f  on systems 

o The I n s t i  tution-1Ma.intenance and improvement o f  NASA's profess ional  
work force o f  s c i e n t i s t s ,  engineers, and technicians t o  ensure 
e f f i c i e n t ,  effective, and Innovat ive  progress i n  f u l  f i  1 l i n g  program 
o b j e c t l  ves. 

0 ,  q 
Program A c t t v l t i e s  t o  Year 2000) 

Tha subsect ions o f  t h i s  chapter t h a t  f o l l o w  present t he  h i g h l i g h t s  o f  t he  
proyrams NASA plans f o r  FY 1985 and beyond, i n c l u d i n g  the programs' goals ,  
ob jec t ives ,  and major new j n i t i a t i v e s .  Each yrogram i s  described i n  greater  
d e t a i l  i n  the  remaining chapters o f  t h f  s repo r t ,  Chapters 111 through I X ,  

1 . Space Science and Appl icat ions 

The Space Science and ApplQcat ions program i s  responsf b l e  f o r  most o f  the 
Na t lon ' s  s c i e n t 4 f f c  research I n  space and f o r  exp lor ing  ways i n  which space 
can be used i n  p r a c t i c a l  appl lcat. fons by indus t ry ,  i n  the l i f e  sciences, and 
i n  m a i n t a i n i n g  E a r t h ' s  n a t u r a l  resou rces ,  I t  i n c l u d e s  o b s e r v a t i o n s  and 
studles o f  t he  d l s t a n t  universe, exp lo ra t i on  o f  the  near universe, and e f f o r t s  
t o  understand more about Ear th ' s  p lanetary  features and environment. Its 
app l j ca t i ons  programs Snclttde research i n  the l i f e  sciences t o  enable humans 
t o  funct ion and work i n  space, experiments i n  ma te r i a l s  processing i n  t h e  
m ic rog rav l t y  o f  space, and expansion and improvement o f  such services as 
sate1 l i t e  communications. 



Summaries o f  tha  s i x  majo r  a r m  o f  cndaavor i n  spscq sc fonce and 
applications f o l  tow. Each area i s  desc.rlbcd i n  g raa tc r  d e t a i l  i n  Chaptor f 11. 

a, Study of the Qi s t a n t  Unf verso 

As a r e s u l t  o r  NASA's progrilrn I n  space astronomy and astrophysics 
d u r i n g  the  past two decades, a new view o f  tho unlvarse I s  emerging; and 
now d l s c n v c r i e s  a r e  b a i n g  made' a t  an a s t o n m l s h l n g  r a t e .  Rocket and 
s a t c l  l d l o  obsarva t io t~s  a t  u l  travlolet waveiengths ruvoal t ho  cject. lon by 
many types o f  s ta rs  o f  enormous amounts o f  ma tc r i a l  a t  high ve loc i t f es .  A 
r o v o l  u t i  on I s  occu r r i ng  i n  knowledge o f  the chemical compasf L ion  and 
p h y s i c a l  s t a t e  o f  interstellar gas and dust ,  E n t l r e l y  new types o f  
c e l e s t i  a1 ob jec ts  are baing d l  sccysred, Explos l  ve events o f  unlmaglnable 
violence t h a t  occur routinely i n  the un iverse  are belng observed, Studios 
o f  the sun, fundamental t c  1nte:rprot lng the  d ls tar ic  unlverse, may provldo 
the  f i r s t  look j n t o  t h a t  s t a r ' s  i n t e r i o r .  F o r  assurance that this rcvo lu -  
L i o n  i n  understanding o f  the  unlverse w i l l  cont inue a t  the samo rap ld  
pace, ncrr observing capabi 1 i t i e s  are  planned, 

I n  t h e  cur ren t  Astrophysrfss program, several research mlssions arue 
p r o v i d i n g  d l v e r s e  i n f o r m a t i o n  and measurements on t h e  n a t u r e  o f  the 
unlverse.  Whllc each miss ion has a p a r t i c u l a r  ob jec t ive ,  the data I t  
acqu i res  o f ten  may be augmnted s u b s t a n t i a l l y  by data from one or  morr, 
o t h e r  m l  ssions, For example, t he  o b j e c t i v e  s f  cha Solar  Maxfmum Mtssio;? 
i s  t a  observe so la r  f la re t i ,  bu t  data from several o ther  missions add t o  
understanding o f  f l a r e s  on the sun and o the r  s ta rs .  

The I n t e r n a t i o n a l  U l % r a v i o l e t  Explorer  supplements the Solar Maxlmum 
M I  s s l  on and i s  an imporbant precursor t o  the  Space Telescope. The Space 
Telescope,  scheduled for  launch i n  1986 as a cooperat ive p r o j e c t  w l  t h  the  
European Space Agency, w i l l  serve f o r  the next two decades as a major 
n s t r o n o w  f a c i l i t y  cover ing a range o f  ultraviolet and v i s l b l e  wave- 
l e n g t h s .  The I n f r a r e d  Astronomy S a t e l l  i te was launched I n  1983 I n  
cooperaton w i t h  the  Nctherl ands and t h e  U,ll t ed  Kingdom, Under development 
and t o  be  launched w l t h i n  t h i s  decade a r e  t h e  Roentgen S a t e l l i t e ,  a  
cooperat ive program w i t h  the  Federal R e p u b l i ~  of Germany t o  Inves t i ga te  
many phenomena discovered by the second Hlgh Energy Astronomy Observatory; 
the Gamma Ray Obssrvatory, t o  I n v e s t i g a t e  the h ighest  energy reaches o f  
t h e  electromagnetic spectrum; the  Cosmjc Background Explorer,  t o  measure 
p rec f  se l y  t h e  spectra l  and d l  r e c t f  onal d l  s t r i  but1 on o f  cosmic microwave 
background radalat:ron; and the  Heavy Nuclei  Co l lec tor ,  t o  detect  charged 
p a r t i c l e s  such as the  ra re ,  heavy nuc le i  o f  uranium, The program a lso  
i n c l  udes extensi ve t h e o r e t i  cal and labo ra to ry  research and Inves t1  gat1 ons 
t o  be f lown on Spacelab. 

The major i n i t i a t f v e  t o  be begun through FY 1989 I s  t he  Advanced X-ray 
Astrophysics Faci 1 i ty, whlch w i  11 advance x-ray astronomy i n t o  the  mature 
o b s e r v a t o r y  stage. I t  w i l l  be as s t q n l f f c a n t  an advance i n  x-ray 
astronomy as the Space Telescope w - i l l  se i n  o p t i c a l  astronomy. Other 
i n i t i a t f  ves planned f o r  t he  FY 1985 through F Y  1989 pe r iod  a re  p r t n c i p a l l y  
i n v e s t i g a t i o r ~ s  o f  the  s t r u c t u r e  o f  space and t ime and the  s t ruc tu re  o f  the  
sun, c o l l a p s e d  s t a r s ,  and i n t e r s t e l  1 a r  space. They i n c l u d e  G r a v i t y  
Probe-0, Shut t le I n f r a r e d  Telescope Faci I i t y  , Solar  Sei smology Mission, 
Fxtreme Un t rav io le t  Explorer,  X-Ray Ttming Explorer ,  Far U1 t r a v l o l e t  



Spoctroscopy Expl o ro r ,  So la r  Corona D l  agnost l  cs M l  s s i  on, t s d  savor01 
S p ~ c c l  ab 1 n v c s t l  gn t lons  . 

I n  t h e  parfod between FY 1990 and FY 1994, two mature obsorvntor l t ts  
wd 1 1 on to r  dcvet opmcnt , Tho Advanccd Sol a r  Observntory w i  11 makc coa r i i l -  
n o t e d  obsarva t lons  of  a l l  aspasts o f  t h o  sdr facc o f  t h e  sun t o  study t h e  
e v o l u t i o n  o f  s o l a r  f e d t u r c s  and o b s e r v o  c v e r ~ t s  t h a t  srs c s p c c ? a l l y  
r cvca l  f  ng , The l n r g e  Dcpl oyablo R o f l a e t o r  w i l l  i n v e s t i g a t e  thc  processes 
o f  b i r t h  o f  c o l o s t l a l  bodlor;, Othcr plannod f n i t l a t ~ ~ v e s  a r c  the  High 
Throughput Miss ion , Very Long Basol i n @  Radl o  I n t o r f a r o n ~ o t r y  , and 
Starprebo, 

b. -tho Near Unlvarsa 

The n e a r  un lverse  I nc l udes  a l l  bodies i n  t he  s o l a r  system axcept t h e  
s u n  and Enrtk ,  E x p l o r a t i o n  o f  t h o  n s d r  u n i v u r s a  I s  v i t a l  t o  a f u l l  
undorstandlng o f  t l ~ s  r e l a t i o n s h i p  o f  Ear th  t o  t h e  sun and o the r  members o f  
t h e  so la r  systen~. Spec4 f i r  g u a l s  o f  t h e  program a r c  t o  understand t h e  
o r i g i n ,  evolution, and presen t  s t a t e  o f  t h e  s o l a r  system; Ea r th  through 
compbrat lve p l ane ta ry  stud4os; and t h e  r c l o t l o n s h l p  between t h e  chemlcal 
and phys i ca l  e v o l u t i o n  o f  +:)R so la r  system and t h e  appearance o f  11 Fe. 

I n  the years  s ince  2nst v t  r st f l y b y  o f  Venus, p l ane ta ry  e x p l o r a t i o n  has 
expe r i enced  a golde!. E?.: I t  has b rouyh t  new knowledge and e s t a b l i  shed 
U , S ,  l e a d e r s h i p  i? t~;i; $^va  o f  space sclence, U,S, spacecra f t  were the 
f i r s t  t o  v i s l  t s!k;r: I ; ,  Genus, and Mars; and o n l y  U.S. spacecra f t  have 
crossed the  as te l4c t t l  l n t o  t he  o u t e r  s o l a r  system. A l l  t o l d ,  over  two 
dozen bodies--pianzss and the1 F s a t e l  1  f tes--have been cxp l  ored a t  c l ose  
range; and t h e  f n t e r p l a n e t a r y  medium has been p a r t i a l l y  characterized, 

The c u r r e n t  s o l a r  system e x p l o r a t i o n  program consi  s t s  o f  t h r e e  parts : 
p lane ta ry  research and ana lys ts ,  d e v e l ~ p m ~ n t  f l  I ght  p r o j e c t s ,  and m i  s s i  on 
opo ra t l  ons and data ana lys is .  Research and ana lys i  s and m5 ssion opera- 
t i o n s  and da ta  ana l ys l s  ensure program c o n t l n u l t y  toward ~ x p l o r n t i o n  
goals.  F l  i g h t  p r o j e c t s  c u r r e n t l y  p rogress ing  are the Voyager 2 extended 
rnissjon, whlch i s  headed f o r  encounters w i t h  Uranus i n  1986 and Neptune i n  
1989, and cont inued ope ra t i on  o f  Pioneer Venus, Pioneer; 6 through 11, 
Voyager 1, and the  re ta rge ted  I n t e r n a t i o n a l  Sun E a r t h  Explorer=3 space- 
c r a f t ,  which i s  on ~ t s  way t o  an encounter w i t h  the comet G iacob in i -  
Z l  nner  . Approved f l i  g h t  p r o j e c t s  I n  t h e  pre- launch development stage 
i nc l ude  r e f l i g h t  o f  t h e  OSS-3 Spdcelab t o  observe H a l l e y ' s  Comet d u r i n g  
i t s 1985 and  1986 f l i g h t  t h r o u g h  t h e  s o l a r  system; Gal i l e o  (Jup f  t e r  
o r b i t e r  and probe),  which I s  a  coopera t i ve  p r o j e c t  w i t h  Germany; 
I n t e r n a t i o n a l  So la r  Po la r  Miss ion,  which I s  a  cooperative p r o j e c t  w!tn t h e  
European Space Agency; and Venus Radar Mapper, t h e  f l r s t  o f  the moderate- 
c o s t  missfons recommended by t h e  NASA Advisory Counc i l ' s  So la r  System 
ExploratJ  on Commi t tee. 

The So la r  System Exp lo ra t i on  Commf t t e e  has recommended a core  program 
c o n t a i n i n g  13 e x p l o r a t i o n  missfons t o  be undertaken by t h e  year  2000. I n  
s u p p o r t  of  t h a t  program, f o u r  new i n i t i a t i v e s  are planned f o r  t h e  nex t  
f i v e  years.  They w i l l  e s t a b l i s h  f i r m l y  t h e  e x p l o r a t o r y  phase o f  
e x p l o r a t i o n  i n  a11 reg ions  o f  the  solar system. The f i r s t  i s  t h e  Mars 
Geoscience and Cl imato logy Observe1 , which i s  t o  be launched i n  1990 t o  



I nvcs t l gn tc  tha t  p l  anc t  I s  ntmosphcro, ~ u r f a c a  gcocheml stry, I n t e r l o r ,  and 
c l  i m a t o  on n g l o b a l  sc '  l o b  Tho second I s  t h a  Comct Rondotvous and 
t r s t o r o f d  Flyby, wh5ch also i r ;  scheduled f a r  launch i n  1990, Its purposc 
w i l l  be t o  l n v o s t i g a t c  the  physlcal and chen~ical  s t a t e  o f  comets, Thc 
t h l  r d  I s  tho l uno r  Geosclcnco Obsorvor scheduled for launch .In 1991 t o  
ossoss 1 unnr rasnurccs and t o  oxtend tho  Apol l  o  p r o g r ~ m ' s  s c l  enso 
i nvos t f  gut ions t o  a g loba l  senlo. Tho f o u r t h  I s  t ho  T l ton  Probc and Radar 
Mapper, t o  be launched I n  1993 t o  invos t lga tc !  tho  l a r g o s t  of  Saturn 's  
sntal  I i tcs , espeei a1 1 y i t s  uni  quc, densc ntmosphoro 

Tho Committee a l s o  bas rocommended add i t i on  of one o r  moro i n tens l vo  
study mfsslons du r ing  tho  1390s as resources thon s v a f l n b l s  permit ,  The 
core program was formulatod under the  cons t ra in t  t h a t  no now onnbl lng 
tcehno log iss  be rcqu l  r c d  f o r  laplomcntat ion, I n  cont rus t ,  the augrr~cn- 
t a t i o n  f n i  tl n t i v e s  w l l l  r t lqul  re s f  gni  f l  cant new onab l i  ng o r  s t rong ly  
enhancing technnl ag i  as ,  

c ,  Earth and I ts  Envl;l~rrm@nt 

Tho v l  ow o f  Earbth fr-*r7r srjsee has engendered a growing r e a l  i zat ion  t h a t  
a f u l l  understandlrry of ~ ~ r t h  a11d I t s  environment requ i res  a st rong g loba l  
research pnogram spanning the s c l a r t ;  ;I c d l  s c i p l  i nes  associated wS t h  s tudy 
o f  tho w W e  Earth, inz l l rd ing  r t t : ,~spher ic  physics and chemfstry, eccano- 
graphy, geology, gecphysfcs, znd the  oaerglng science o f  the b*iasphere, 
global  b io logy.  NASAts progranl t o  study Earth i s  g loba l ,  i n t e r d i s c l p l  i - 
nary, and integrated, w i t h  emphasi s on understand1 ng processes t h a t  a f f e c t  
Ear th 's  Rabi t a b l l i t y ,  p a r t i c u l a r l y  I t s  b i o l o g i c a l  productiv4 t y  snd a i r  and 
water qua1 i ty ,  The program Invo lves  eoordi nated observat ional  , theoret  1 - 
c a l  , and experimental f nves t i  ga l ions  and dove1 opment o f  f u t u r e  observi  rrg 
t e c  hnol ogl cs . Those act ' i  v.l t i  es are coriplementary and together  form a 
b a l a ~ c e d  program o f  system and process studles. The program cons is ts  o f  
elements t h a t  range from the most fundamental Ear th sciences s tud ies  f rom 
space t o  experiments demonstrating how data from space concerning E a r t h  
and i t s  resources and environment can be used t o  b e n e f i t  soc iety .  

The Earth re~ lourccs  pa r t  o f  t he  program uses mrr l t i spec t ra l  ( v i s f  b l e  
a n d  now- in f ra red ) ,  thermal- Inf rared,  and active-microwave remt,r;e sensing 
systems t o  c o l l e c t  data f o r  research and t o  demonstrate the u t i l j t y  o f  
remote senslng 1 n ag r i cu l t u re ,  1 and-use ana lys is  and plannlng , hydrology, 
and geology, Landsat spacecraft  have been the  pr inc- l  pal  veh ic les  fo r  
Ear th resources observat ion. Landsat 4, launched i n  Jrj'ly 1982, c a r r i e d  
the the met!^ Mapper sensor i n t o  o r b i t  f o r  the  f i r s t  t ime. That sensor has 
about tw ice  the spect ra l  reso lu t ion ,  t h ree  times t h e  s p a t i a l  reso lu t ion ,  
and f o u r  t imes the  s e n s i t t v i t y  o f  t h e  Mu l t i spec t ra l  Scanner sensor c a r r i e d  
by e a r l  ler Landsat !:pacecraft, Landsat 4 techni  ca l  problen~s c u r t a i  l e d  the  
sensor 's  opera t i  on ; bu t  Landsat D 1  , 1 aunched i n  1984, c a r r i e s  another 
Thematic Mapper. The Shut t le  Imaging Radar-A and other experiments on the  
Shu t t l e  a1 so hhvc provided much valuable and usefu l  1 nformat i  on. The 
cur ren t  program lncl udes f l i g h t  o f  an improved imaging radar  system on t h e  
Shu t t l e  i n  1984 and l a t e r  years. 

The o b j e c t i v e  o f  the a tmospher i c  sc ience  program i s  t o  i n c r e a s e  
understanding o f  atmospheric processes and t h e i r  e f f e c t s  on weather, 
cl i lnate, and the g l  obal envi ronrnent The cur ren t  program o f  observations 



t o  f u r t h e r  t ha t  understand1 ng use soundlng rockets; bn l  loons: a i r c r a f t ;  
f r c e - f l y i n g  s a t e l l i t e s ,  such as  the Earth Radlnt lon Budget Experiment t o  
be f l o w n  i n  19n4; and Shuttle-borntt instrumants, Programs are i n  process 
t o  study g lobal  b io logy,  Earth 's plasma envelope and i t s  I n t e r a c t i o n  ~ i t h  
the sun, and oceanography. 

Atmospheric scl anco progralns p l  anncd f o r  i n i t i a t i o n  by FY 1989 inc lude  
t h e  fa1 low1 ng: Upper Atrnosphcre Research Sate1 1 i Go--to extend understand- 
i n g  o f  the chemlcal and physlcal  processes occurring i n  Ea r th ' s  stratom 
sphere, mesosphere, and 1 owar thermosphere ; Shu t t l  c-Spaccl ab Pay1 oads--to 
s tudy  the bas ic  processes by ~ r h i c h  electromagnetic energy and p a r t i c l e  
bcams i n t e r a c t  w t t h  plasmas i n  thc universe and t o  acqul re in fo rmat jon  on 
t h e  behav ior  w f  t h  time o f  the  sol&,. constant,  t he  so la r  spectrum, and the  
upper ataosphore; Ocean Color Irnagor--to prov4de synopt i  c global measure- 
ments o f  ch lo rophy l l  concentrat ion as a pr imary data 5;se t o  w h i c l ~  comple- 
m e n t a r y  s h i p ,  a i r p l a n e ,  and buoy d a t a  can be added t o  y l e l d  p r i m a r y  
p r o d u c t i v i t y  es t faa tes  o f  h igh  accuracy fo r  key aceani c reg! ons; Tethered 
S a t e l l i t e  System--to develop w i t h  I t a l y  a sysScm t o  conduct Ear th sclesce 
and a p p l l c a t i ~ n s  expe r lme~ ts  i n  regions remote From t h e  Shut'le: 
Topography Experiment f o r  Ocean C i  r c u l a t I o ; ~ - - t o  improve sign!  f i  cant11 
capabi 1 i t i e s  f o r  observi  ny the oceans on a g lobal  basi  s ; Scatterometer--to 
measure upper-ocean currents,  surface waves, and small -scale roughness o f  
sea surfaces t o  advance understanding o f  t he  momentum coup l lng  o f  the  
a t~nosphere and oceans ; Magtwt le F i e l d  Satel 1 i tern-to t e s t  resu'l t s  d e r l  ved 
Prom Magstit- l  data ar~d prov ide an updated survey fo: t he  1990 reference 
f i e l d ;  Geopotenti a1 Research M i  ss i  on--to prov ide the most accurate 1node1 s 
y e t  ava i l ab le  o f  t h e  g lobal  g r a v i t y  f i e l d ,  geoid, and c r u s t a l  magnetic 
anom:rl i es  ; and In te rna t i ona l  Solar  T e r r e s t r i a l  Physlcs Program--to 
a t t e m p t ,  f o r  t h e  t i r s t  t ime, a q u a n t i t a t i v e  study o f  t h e  c r ~ p l e t e  so la r -  
geospace system. 

S t u d i e s  o f  E a r t h  i n  t h e  1990s w i l l  f o c u s  on l o n g - t e r m  p h y s i c a l ,  
chemical , and b i o l  o g i  ca l  t rends and changes in the  envl ronment . They w i  1 l 
assess the e f f e c t s  o f  na tura l  and human a c t f v l t i e s  and prov ide inkproved 
models f o r  es t imat ing  the fu t r l ro  e f f e c t s  o f  humans and other  species on 
E a r t h ' s  biolog.ica1 p roduc t i v i  t;y and h a b i t a b i l i t y .  They w i  11 be i n t e r -  
d f  sc.i p l  !nary and requ i re  sophi s t i c a t e d  support1 ng t~chnologies, p a r t  : c ~ -  
1 a r l y  f o r  long-term data management. 

d, ti f e  Sciences - 
The L i f e  Sciences program i s  responsib le f o r  ensuring the  hea l th  and 

we1 1 -bein9 o f  space f l i gh t  crews and f o r  advancing know1 edge o f  fundarnilntal 
b i o l o g i c a l  processes a t  the  cosmic, global,  and organ is~n ic  leve ls .  It i s  
mu1 l i d 1  s c i p l  i najly and concentrate? on two i n t e r r e l a t e d  df sc i  p l  i nes, ~nedf - 
cal science and b i o l o g i c d l  science. The former I s  concerned w i t h  problems 
experienced by human space f l i gh t  passengers t h a t  must be addressed 
immedf ately ,  us ing  whatever instruments, technology, and f a c l l i t i \ ? s  are 
ava i lab le .  The latter r e l a t e s  t o  problems an t i c i pa ted  I n  f u t u r e  m i s s i o n s  
t h a k  can be approached i n  a mere fundamental and ordered manner. Ground- 
bas?,d resear~ll and technology development c o r s t i t u t e  the program's prlrnary 
approach, hu t  use o f  f l  t g h t s  t o  v e r i f y  hypotheses and r e s u l t s  i s  
extensive. 



Among the medfcal sc ience problems t h a t  need immediate a t t e n t i o n  a re  
the space adapta t ion  syndrome (space s~ lckness)  , ca rd i  ovascul  a r  changes, 
and dysbarism (bends), Problc~rrs r e l a t e d  t o  f u t u r e  miss ions  I nc l ude  t h e  
e f f e c t s  o f  radiation, l o s s  I n  f l l g h t  o f  bone and muscle, differences 
between t h e  p h y s l o l o g l c a l  systems o f  men and women and t h e  response of 
those systems t o  spacef7 i gh t  , s ( ~ a c e c r a f t  habl tab1 11 t y  and 1 i f e  support 
systems, and t h e  i n t s r a c t f o n  between humans and t h e  machines a t  the1 r 
d l  sposal , 

I n  t h e  b l o l o g l c a l  sciences, rcsearch ob jec t i ves  a re  mat t i , ,  olrgh t h r e e  
d l  s c I  p l  i nary  elements: exobiology, b i  ospher ic  research, and g rav  r t a t i o n a l  
b l  o l o g y  The e x o b l o l o n y  p r o g r a n ~  s t u d i e s  t h e  or1 g i  n, e v o l u t i o n ,  and 
d i  s t r i b u t i o n  o f  1 l f e  and 1 I f e - r e l a t e d  molecules on Ea r th  and throughout 
t h e  un iverse.  The b iosphe r l  c research ( g l  abal b i o l o g y )  program seeks t o  
determine t h e  e f f e c t  of  b i  o l o g i  c a l  processes on g loba l  dynani cs, Gravi t a -  
t f onal b i  01 ogy , former1 y ca l  l e d  space b l o l  agy , s tud ies  phys i  01 og l  ca l  
response t o  variations i n  g rav i  t a t t o n a l  forces ranging f rom mic rograv i  t y  
t o  more than u n i t  g r a v i t y  i n  o rder  t o  understand more c o ~ n p l e t e l y  how 
g r a v i t y  a f f e c t s  l f  f e  un Ear th ,  

The need f o r  new I n i t i a t i v e s  i n  t h e  L i f e  S c i e n c ~ s  a r i s e s  frotn p lans t o  
f l y  unprecedented numbers o f  as t ronau ts ,  s c i e n t i s t s ,  and, u l t i m a t e l y ,  
c i t i z e n  passengers on S h u t t l e  m4csions; t o  develop t h e  space s t a t f o n ;  and 
t o  e x p l o l t  fully NASA's a b 4 l l t y  . . -increase Fundament' , understanding o f  
rnajor s c i e n t i  f i c  quest ions about 'Ii v l ng  systems. I n i  t + 2, .  lves are planned 
t o  f i n d  s o l u t i o n s  f o r  the space adapta t ion  syndrome, irbr:; a-ve medjcal care 
and hea l t h  maintenance o f  humans i n  space, advance c o n t r o l  1 ed ecol  og i  c a l  
1 i f e  s u p p o r t  and e x t r a v e h i c u l a r  a c t i v i t y  systems, and enhance human 
performance and p r o d u c t i v i t y  i n  space by  i sp rov$ng  t h e  h a b i t a b i l i t y  o f  
space v e h l c l  es and by I n v e s t i  ga t f  ng crew compatabi 11 t y  and vatBious soci  a1 
and m o t i v a t i o n a l  f a c t o r s  r e l e v a n t  t o  human product1 v i ly .  A phased program 
i n b iosphe r l  c research c o n s t i  t u t e s  another planned i n i  t i  at4 ve, It i s  
e x p e c t e d  t o  r e s u l t  i n  a comprehens ive  model t o  d e s c r i b e  ana p r e d i c t  
biogeochemica7 processes on a g loba l  sca le  and t o  p rov ide  a data base t h a t  
w i  11 be a key element i n  understanding Ea r th  as a system, Other i n t t i a -  
t i  ves i n  t h e  1980s i n c l  udc g r a v i  t a t l o n a l  b i o l ogy  pay1 oads, exobio logy 
payloads, and t h e  search f o r  e x t r a t e r r e s t r i a l  1 i f e ,  

L o o k i n g  ahead t o  t h e  f i r s t  h a l f  o f  t h e  1990s, research i s  expected t o  
expand i n  a l l  those areas, p a r t i c u l a r l y  as l abo ra to r y  f a c i l i t i e s  are 
deve loped  and at tached t o  t h e  space s t a t i o n .  Development a1 sa i s  planned 
o f  a f l i g h t - q u a 1  i f l e d  v e s t i b u l a r  and v a r i a b l e  g r a v i t y  research f a c i l i  t y  t o  
determine t h e  response o f  l i v i n g  systems t o  l i n e a r  and angu la r  accelera-  
t i o n s  i n  space. 

e. Sate1 1 i te Communications 

NASA's r o l e  i n  devel opt ng technology f o r  communications s a t e l  1 i t e s  has 
een  and c o n t i n u e s  t o  be one o f  l e a d e r s h i p  b e n e f i c i a l  t o  t h e  U.S .  
ommunlcations i n d u s t r y  and t o  the consumer worldi i ide.  Government has 
oved ahead o f  i n d u s t r y  i n  , t h i s  impor tan t  f i e l d  because t h e  cos t  and 

economic r i s k  have been t o o  h i g h  f o r  p r i v a t e  !nvpsttnent. N A S A ' s  c u r r e n t  
program p lan ,  developed w4 t h  i n d u s t r y ' s  he lp ,  cons i s t s  o f  t h e  f o l l o w i n g  
mador components : 





c a r r i e r  f o r  m a t e r i a l s  process ing oxper imonts t h a t  f i  11 s t h o  exper iments '  
support needs i ndepcndant; o f  t h e  S h u t t l e ' s  systems. Expariments t h a t  have 
been conducted f n 1 t i n c l u d a  I sothormal and g rad ien t  process ing i n  general 
purpose furnaces, process i  ng o f  monotcct i  c  a1 loys ,  growth o f  c r y s t a l  s from 
vapors, and process ing i n  an acous t i c  lev1 t a t o r  furnace, 

The emphasis o f  t h e  pragram d u r i n g  t h e  nex t  severa l  years w i l l  be on 
c r y s t a l  growth o f  e l e c t r o n i c  m a t e r i a l s ,  s o l i d i f i c a t i o n  o f  a1 l o y s  and 
composites, can ta lno r l ess  me1 t i n g  and s o l  I d i  f i c a t i o n ,  con ta ine r l ass  
format1 on o f  g lass,  sepa ra t i  on processes, f l  u i d  and t r a n s p o r t  phenomena, 
c l o u d  m i c r o p h y s i c s  and a e r o s o l  s c i e n c c ,  and c o m b u s t i o n  p rocesses  i n  
m lc rog rav i  ty. Another Impor tant  a c t i v i t y  I s  development o f  ~ n a t e r f  a1 s 
research f a c i  1  S t i es  and apparatus. Present emphasis i s  on S h u t t l e  mid- 
deck facilities and apparatus t h a t  potentially can be upgraded t o  f l y  I n  
the  cargo bay o r  Spocelab and, l a t e r ,  on the  space s t a t i o n .  

Two f u n c t i o n s  o f  t h o  Mic rograv i  t y  Sci erlce and Appl i c a t i o n s  program 
w i l l  have a subs tan t l a l  e f f e c t  on the  p o s s i b i l i t i e s  f o r  t h e  program's 
cominarc ia l i za t ion :  t h e  use c f  space t o  o b t a i n  knowledge that; can be 
app l i ed  t o  improve t e r r e s t r i  a1 processes and the  process1 ng o f  m a t e r i a l  s 
i n  space t o  take  advantage o f  t h e  we igh t less  c o n d i t i o n s  there .  For t h e  
near f u t u r e ,  m a t e r i a l s  process ing i n  space w i l l  be r e s t r i c t e d  t o  smal l  
quant l  t i e s  o f  h l  gh-va1 ue, 1  ow-vol ume m a t e d  a1 s such as pharmaceut ical  
products,  e l e c t r o n i c  m a t e r i a l s ,  o p t i c a l  f i b e r s ,  h i g h l y  s p e c i a l i z e d  a l l o y s ,  
and p o s s i b l y  precf  s i  on 1  a tex  mi crospheres. NASA wi 11 con t inue  t o  conduct, 
w i  t h  i n d u s t r y  p a r t i c i p a t i o n ,  a v igorous  f l  l g h t  program t o  f o s t e r  f u tu re  
v e n t u r e s  by i n d i l s t r y  t h a t  w i l l  be o f  optimun~ b e n e f i t  w i t h  renard t o  bo th  
the  rnater i  a1 s  produced and t he  economlcs o f  p roduc t ion .  N .A sponsors, 
and encourages o the rs  t o  sponsor, ma te r l  a1 s process i  ng researich, b u t  
leaves t o  i n d u s t r y  t h e  t ask  o f  dec id i ng  whether comnierclal p roduc t ion  i s  
feas i  b l  e. 

2. Saace F l i o h t  

The Space F l i g h t  program supports NASA's goal s  f o r  space t r a n s p o r t a t i o n  
and a  permanent presence i n  space. Its e a r l y  goals a r e  t o  develop t h e  Space 
T ranspo r ta t i on  System f u r t h ~ r  and achieve rou t i ne ,  economical opera t ions  w i t h  
It . Planned programs emphasi ze development o f  f o l  low-on systems f o r  space 
t r a n s p o r t a t i o n  and o the r  1  arge space systems, i n c l u d i n g  t h e  space s t a t i  on, 
orb1 t a l  p l a t f o r m s  and f a c i  1  i ti es, and t h e  t e s t ,  t r a n s p o r t a t i o n ,  and s e r v i c i n g  
systems requf red  t o  support  them. 

The program's o b j e c t i v e s  f o r  t h e  FY 1985 through 1989 p e r i o d  a re  t o :  

o Complete development, acqui  s i  t i  on, and upg radf ny t o  f u l l  capabi 1  Sty 0.f 
t h e  Space T ranspo r ta t i on  System (Shu t t l e ,  Spacel ab, I n e r t i  a1 and 
Sp inn ing  S o l i d  Upper Stages, Shu t t le -compat ib le  Centaur, and ground 
f a c i l i t i e s )  

o  Estab l  i sh r o u t i n e  o p e r a t i  on o f  t h e  Space T ranspo r ta t i on  System 

o  Conduct a  t o t a l  o f  27 Shutk le  mf ssfons i n  FY 1985 and FY 1986 

o Use expendable launch veh i c l es  f o r  schedule assurance and spec ia l  needs 



o Dovelop a Centaur upper stage compatible w i t h  the Shu t t l e  t o  prov ide 
transportation t o  h igher  energy o r b i  t s  

o E s t a b l i s h  a business organfza l ion  t o  Increase the number o f  Shu t t l e  
customers 

0 D e v e l o p  and ins ta l l  a t e t h e r  system f o r  a p p l i c a t i o n s  such as t h e  
deployment, s tab i  I i zat ian ,  and r e t r l  eval of sate1 1 i t e s  

o Dernonstrate the  a b i l i t y  o f  the  S h u t t l e  t o  serv ice  s a t e l l i t e s  I n  o r b i t  
so t h a t  S h u t t l e  cus tomers  can adop t  s u i t a b l e  systems designs and 
operat ional  procedures, 

The progr,~ni's objectives beyond 1989 are t o :  

o Maintain a Shut t le  launch schedule w i t h  reserve capac l ty  

o Reduce the operat ional  cos ts  o f  the Space Transportat ion System 

o Shorten S h u t t l e  turnmaround t i n ~ e  

o Develop an o r b j t a l  t r ans fe r  veh ic le  

o Develop technology and techniques t o  construct ,  deploy, t e s t ,  and 
serv ice systerns i n  space. 

The o b j e c t i  ves associ ated w l  t h  b r i n g i n g  the  Space Transpor ta t ion  System t o  
B u l l  operat ion w i l l  be achieved through completion o f  t he  cur ren t  base-l ine 
program. Most Earth-to-orb1 t and a1 1 re turn- to -Ear th  t ranspor ta t i on  needs 
w i  11 be met by t h e  Shut t le ,  supported by the  d i s c r e t e  S h u t t l e  Product ion and 
Capab i l i t y  Development program. That proyrarn i s  responsib le f o r  S h u t t l e  and 
propul  s i  on system product ion and res idua l  devel oprnent , 1 aunch and mission 
support, and system improvements. Current a c t i v i t i e s  are focused on the 
I n e r t i a l  Upper Stage and the  Centaur mod i f ied  f o r  Shu t t l e  use; achiev ing f u l l  
f l  i ght  s tatus f o r  Spacelab; inc reas ing  opportunl t i e s  f o r  Space1 ab-based 
sclence and app l i ca t i ons  work ; operat ional  support: serv ices f o r  the Shu t t l e  
and expendabl e 1 aunch vehicles; and procurement o f  expendable i terns f o r  both 
1 aunch systems, 

Proposed new i n i  t i a t i  ves support both the  nearer-term ob jec t i ves  o f  space 
t ranspor ta t i on  operat ions and t h e  longer-tern1 o b j e c t i v e  t o  e s t a b l i s h  a 
permanent presence i n  space. During t h e  pe r iod  o f  t i l l s  plan, capabi 1 i t i e s  f o r  
p r o v i d i n g  o r b i t a l  se rv i  ces w i  11 be demonstrated. Sjsteln hardware development 
w-i 11 f o l  low the  dernonstrations . The r e s u l t s  o f  those demonstrations and t he  
Tethered Sa te l l  t t e  System program w i  11 he1 p determine the 1"nits o f  o r b i t a l  
a c t i v i t i e s  o f  bo th  the  Shu t t l e  and the space s t a t i o n .  

N A S A ' s  in-house i n s t i t u t i o n a l  base and system o f  i n d u s t r i a l  and o ther  
cont rac tors  requ i red  t o  achieve t h e  goals of the  Space F l i g h t  proyraln will be 
mainta ined and strengthened. 



3. Spaco S t a t i o n  

E s l a b l  I shment o f  a "perinanent manned presence i n  space" i s  one o f  NASA 's  
c u r r e n t  e l g h t  goa ls  and I s  a p r l o r i t y  goal o f  t h e  A d m i n i s t r a t i o n  as a m a n s  of  
maintaining U . S .  l e a d e r s h i p  i n  space and o f  e x p l o i t i n g  t h e  economic and 
s c l e n t l f i c  b c n e f l  t s  i n  t h a t  new f r o n t i e r .  Toward t h a t  goal  , the Pres iden t  has  
comml t t e d  t o  development o f  a space s t a t i o n  by t h e  e a r l y  1990s, 

The program's near o b j e c t i  ves have cen te red  on i d e n t i  f y i  ng and synthes i  z- 
3ng mlss ion  requirements f o r  a c l v i l l a n  space s t a t i o n  and rev iew1 ng a se t  o f  
f u n c t i o n a l  capabi li t i e s - - t h e  s t a t i o n ' s  a r c h i t e c t u r e .  I n  a d d i t i o n ,  technology 
and advanced development programs a re  be ing  initiated, To meet t h e  goal  o f  
i n i t l a l  o p e r a t i  on i n  the  e a r l y  1990s, c u r r e n t  p lans  i n c l u d e  a three-year  
d e f l n i t l o n  phase beglnn ing i n  FY 1985 and i n 1  t i a t i o n  o f  a des lgn  and develop- 
ment phase i n  FY 1987. 

Oecausa many aspects o f  t h e  progranr w i l l  make i t  unique as compared w l t h  
p a s t  space programs, t h e  f o l l o w i n g  p l ann ing  gu ide1 f nes have been es tab l i shed :  

o A l l  m a j o r  p o t e n t i a l  use rs  o f  t h e  s t a t i o n ,  U.S. and f o re i gn ,  w i l l  be 
i n v o l v e d  f rom t h e  beg inn ing  o f  p l ann ing  a c t l v i  t i e s  t o  ensure t h a t  the1  r 
needs a re  taken i n t o  cons idera t ion ,  

o Thorough p r o j e c t  d e f i  n i  t i  on w i  11 be conducted be fo re  system development 
i s  undertaken, 

o Involvement I n  t he  program w l l l  be agency wide and subs tan t i ve .  

o The s t a t i o n  w j  11 be designed t o  accommodate e v o l u t i o n a r y  growth through 
incrementa l  add i t i on ,  m o d j f i c a t i o n ,  and r e p l i c a t i o n ,  

o The s t a t i o n ' s  elements w i l l  be ma in ta i nab le  and r e s t o r a b l e  i n  space, 

o The s t a t i o n  w i l l  be designed t o  opera te  as autonomously as poss ib le ,  
except f o r  resupply  o f  m a t e r i e l  and personnel ,  

o 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  t h e  program w f l l  be sought, 

o The Department of Defense w l l l  be kep t  informed. 

o  New approaches w i l l  be taken toward reduc ing  cqsts .  

o The s t a t i o n ' s  m i x  o f  humans and machines w l l l  ensure proper  d- lstr ibu- 
t l o n  o f  t a s k s  so t h a t  t h e  humans and machlnes w i l l  enhance each o t h e r ' s  
capabf l i t i e s .  

M i s s i o n  r e q u i r e m e n t s  f o r  t h e  space s t a t i o n  have b e e ~ r  v i r t u a l l y  t h e  
e x c l u s i v e  focus  o f  t he  Space S t a t i o n  Task Force s i nce  i t s  estab l ishment  I n  
1982, E igh t  s t u d i e s  t o  d e f i n e  those requi rements  were con t rac ted  do major  
aerospace corpora t ions ,  which were encouraged t o  exp lo re  i m a g i n a t i v e l y  a1 1 
aspects  o f  p o t e n t i a l  uses f o r  a space s t a t i o n .  T h e i r  p r i n c i p a l  recommenda- 
t i o n s  were f o r  an i n i t i a l  s t a t i o n  c o n s i s t i n g  o f  a manned base, an unmanned 
p la . t form a t  an o r b l t a l  i n c l i n a t i o n  o f  28.5 , an O r b i t a l  Manuevering Vehic le ,  



and an unmanned p l a t f o r ~ n  d e r i v e d  from the space s t a t i o n  des l  gn and operat;ing 
a t  a  po la r  o r  near-po l  a r  i n c l i n a t i o n *  

A Space S t a t i o n  Mfss lon Synthes is  Workshop h e l d  i n  May 1983 d e f i n e d  a  
p r e l i m i n a r y  set o f  107 types o f  phased sphce s t a t l o n  m i ss i ons  f o r  t h e  p e r i o d  
1991 t o  2000, The i n i t i a l  requ i rements  i t  es tab l i shed  i nc l uded  a manned 
element a t  28.5' o r b i t a l  i n c l i n a t i o n ,  a  p l a t f o r m  a t  low i n c l i n a t i o n ,  and a  
p l a t f o r m  i n  p o l a r  o r b i t ,  A Concept Development Group formed as p a r t  o f  t h e  
Space Stat1  on Task Force i n t e g r a t e d  t h e  mi ss i on  requ i  rements i n  May 1983 i n t o  
a set  o f  f u n c t i o n a l  c a p a b i l i t i e s .  The s e t  has been rev! sed t w i c e  s ince  then  
and w i l l  be r e v i s e d  y a t  another  t ime  j u s t  be fo re  system d e f i n i t i o n .  Al though 
an approved c o n f f g u r a t f o n  f o r  the  space s t a t i o n  does n o t  e x i s t ,  t he  concept 
c u r r e n t l y  under cons1 d e r a t i  on i n c l  udes a  11 v i  ng qua r t e r s  module, b e r t h i n g  and 
assembly inodul e, 1 og i  s t i  c s  module, resources mod# e, 1  abora to ry  module, 
unmanned p l a t f o r m  a t  o r g i t a l  f n c l i n a t i o n  o f  28.5 , unmanned p l a t f o r m  a t  
o rb1  t a l  I n c l  i n a t i o n  o f  90 , Orbi  t a l  Manueveri ng Vehic le,  and s e r v t c i  ng system. 

A space s t a t i o n  advanced development program has been planned t o  p rov i de  
advanced t e c h n o l o g i e s  needed f o r  an e v o l u t i o n a r y  s t a t i o n .  It w i l l  be  
i n t e g r a t e d  w i t h  system d e f i n i t i o n  a c t i v i t i e s ,  w i t h  a  ma jo r  m i l es tone  and 
d e c i s i o n  p o i n t  o c c u r r i n g  a t  t h e  end o f  t h e  d e f i n i t i o n  phase. Eo th  
ground-based and space-based t e s t s  beds a re  planned and a re  expected t o  have a 
v i t a l  r o l e  i n  subsequen t  d e f  i n i  t i  on o f  e v o l  u t i  o n a r y  e l  ernents. They a r e  
expected t s  reduce the  program's cos t s  and r i s k s .  The goal  f o r  hav ing  t h e  
f i r s t  s t r u c t u r e  i n  space remalns 1992. 

The Space T rack i ng  and Data Systems pr*ograrn suppor ts  -the Na t i on ' s  mi ss ions  
I n  aeronaut ics  and space by p l ann ing  f o r ,  developing, and ope ra t i ng  t h e  space 
and ground network o f  t r a c k i n g  and da ta  systems f o r  m iss ions  c f  automated and 
manned orb1 t a l  spacecra f t ,  deep space veh i c l es ,  sounding rocke ts ,  b a l  I oons, 
and research a i r c r a f t .  The program has f o u r  bas i c  elements: space network,  
ground networks, commun lc~ t ions  and da ta  systems, and development o f  advanced 
systems. Plans f o r  those elenrents and f o r  suppor t ing  m i ss i on  a c t i v i  t f e s  
f o l l o w .  

a. Ssace Network 

By e a r l y  1985, t r a c k i n g  and da ta  acqui  s i  t l o n  f a c i l i t i e s  f o r  spacecra f t  
i n  near E a r t h  o r b i t  w i l l  evo lve  f rom a network o f  ground t r a c k i n g  s t a t i o n s  
around t h e  w o r l d  i n t o  a network o f  two Track ing  and Data Relay S a t e l l i t e  
Syste111 (TDRSS) sate1 1  i l e s  i n  geos ta t i ona ry  o r b i t  , an i rl -orb i  t spare, and a 
s i n g l e  g round  te rmina l  a t  White Sands, New Mexico, a l l  owned and operated 
b y  a  c o n t r a c t o r .  A ne'twork c o n t r o l  c e n t e r  a t  Goddard Space F l i g h t  Center 
w i  11 con t ra1  t h e  system and manage network resources. The system w i l  I 
increase coverage o f  near Ear, th o r b i t s  t o  85 perbcent f rom 15 percent.  

b. Ground Networks 

NASA w i l l  c lose  n i n e  more ground s t a t i o n s  w h i l e  phas ing TGRSS i n t o  
opera t ion ,  l e a v i n g  on'ly s i x  l o c a t i o n s  f u l l y  ope ra t i ona l  and conso l i da ted  
u n d e r  J e t  P r o p u l  s i  on L a b o r a t o r y  management. The c o n s o l i  d a t d  g r o u n d  
network w i l l  support  deep-space m iss i ons  and ~ n i s s i o n s  i n  h i gh  Ea r t h  and 



geos ta t ionary  orb1 t s ,  E a r l y  lmprovcmcnts planned f o r  the  notwork i n c l u d e  
p rov id i ng  t o  64-meter antennd s i t e s  t h e  ab i  li ty t o  rece i ve  L-band s i gna l s ;  
a r r a y f n g  antennas t o  boost the s i gna l  r acc i ved  f rom t h e  Voyager 2 space- 
c r a f t  when i t  i s  close t o  t h e  p lane t  Uranus and n e a r l y  t h r e e  b i l l l o n  
k l l  ometers  f rom Ea r th  I n  1986; addlng an X-band u p l i n k  cornnland system t o  
the g round  network about 1987 t o  reduce t h e  b lackou t  ef fects  o f  the s o l a r  
corona on s i gna l  s f r o m  Gal i 1 eo and 1 a t e r  p l  ane ta fy  mi s s i  ons , t o  improve 
s igna l  stability by a f a c t o r  o f  f i v e ,  and t o  improve a b i l l  t y  t o  search f o r  
g rav l  t y  waves ; develop ing a capabi li t y  a t  Dryden F l i g h t  Research F a c i l  i ty  
f o r  suppor t ing  mu1 t i p l e  m iss ions  ; providing t r a c k 1  ng and data acqul  s i  t i o n  
si jpport  t o  t h e  Nat l  onal ScI  e n l i  f i c B a l l  oon Faci 1 i ty  a t  Pal e s t  i ne , Texas ; 
and improv ing  t h e  impact p r e d i c t i o n  system and f i x e d  radar  capabilities a t  
Wallops F l i g h t  Facility. 

c. Conmuni ca t1  ons and Data Systems 

To handle tL ie  substantial i nc rease  i n  data t r a n s f e r  and process ing 
t h a t  TDRSS serv ices  w i l l  generate,  g rea te r  use w i l l  be made o f  e l e c t r o n i c  
d a t a  t r a n s f e r  and o the r  automated f ea tu res  t o  reduce t h e  need f o r  human 
i n t e r v e n t l  on and tape handl i ng . Aged and obso le te  computf ng systems f o r  
m i s s i o n  s u p p o r t  w i l l  be r e p l a c e d  t o  i n c r e a s e  r e 1  i a b i  li t y  and r e d u c e  
maintenance costs ;  and more use w i l l  be made o f  microprocessors t o  c o n t r o l  
d i  sh-antenna operat ions.  By 1986 a program-support communi cat4 ons network 
w i l l  be i n  opera t ion  t o  p r o v f d ~  NASA and i t s  c o n t r a c t o r s  w l t h  supplemental 
communi cat! ons serv ice  f o r  conduct ing day -to-day bus1 ness . 
d ,  Research and Development - f o r  Advanced Systems 

Though r e l a t i v e l y  smal l ,  t h e  Advanced Systems program f s a v l  t a l  p a r t  
o f  t h e  t o t a l  program, p r o v i d i n g  a base  For f u t u r e  p l a n n i n g  and f o r  
development o f  c o s t - e f f e c t i v e  suppor t  capab l l  i t i e s ,  I t s  objectives a re  t o  
i n c r e a s e  dbf li t i e s  fo r  c o m u n i  c a t i  ng w l  t h  spacecra f t ,  improve nav iga t i on  
capabi li t i e s ,  increase t h e  opera t io r ia l  capabi 1 i  t i e s  o f  ground s t a t i o n s  and 
d a t a  handl i n g  and process1 ng networks, and develop technology t o  
f a c i  11 t a t e  TDRSS use. 

e. Advanced Studies 

TDRSS i s  expected t o  meet needs through t h e  19805, bu t  increases i n  
d a t a  volume f o r  miss ions planned f o r  t he  1990s w i l l  r e q u l r e  new r e l a y  
c a p a b i  1 i t 1  es. More l i n k s  and g rea te r  capac i t y  w i l l  be needed, Stud ies 
a1 ready have examlned sotnr? support  needs and new technology t h a t  may 
s a t l s f y  them. Other s t u d i e s  are i n  process on t echno log i ca l  problems 
r e l a t e d  t o  a fo l low-on system f o r  t h e  TDRSS. 

Rapid advances bet ng made I n  t e l  ecomniuni c a t i  ons technology wi 11 have a 
profound e f f e c t  on t r a c k i n g  and da ta  a c q u i s i t i o n  support  o f  deep space 
m i s s i o n s  f n  t he  co~nfng decades by making poss ib le ,  f o r  example, a deep 
space relay s ta t i on .  The program w i l l  con t inue  t o  look  ahead and make 
plans t o  meet such chal lenges. 



5 ,  Space, Research and Technology 

T h i s  program I s  responsible f o r  conduct ing space research and technology 
t o  support the  Nat lon 's  ccono~nic growth, defense, and space t lxp lorat ion,  I t  
i s concerned w i t h  techno1 ogy w i t h  broad appl l c a b l l  i t y  r a t h e r  than t h a t  re1 ated 
d l  r e c t l y  t o  spec1 f i  e pro jec ts ;  and I t  concentrates on 1 ongmterm, h i g h - r l  sk 
research and technol ogy devolopmcnt t o  sat1  sfy n a t i  onal space o b j o c t i  ves, 
With corn~rerclal arid m i l i t a r y  Investments i n  the use o f  space growing rap id l y ,  
the program i s  focusi  ng i nc reas ing l y  on na t iona l  o b j e c t i  ves and rn! s s l  ons and 
addressing the technology needs o f  those o ther  sectors more d i r e c t l y ,  Much of 
the work cons t ' l tu t lng  the  program i s  planned i n  consultation w I t h  the  other  
NASA program o f f i c e s ,  the Department o f  Defense, and Indus t ry ,  Much a lso l s  
conducted j o l n l l y  w i t h  them t o  f a c i l i t a t e  t rans fer  t o  them o f  the technnlogy 
developed, 

The f o l l o w i n g  o b j e c t i v e s  f o r m  t h e  b a s i s  f o r  t h e  program and r e l a t e d  
i n s t i  t u t f  onal plans: 

o To excel i n  c r i t l c a l  space technology areas, facilities, technical  
s t a f f  , and computational c a p a b l l l  t y  

o To provide concepts and advanced technology f o r  U.S, c i v i  1 and m i l t  t a r y  
space a c t i  v i  t i  es 

o To i nvo l ve  u n i v e r s i t i e s  and Indus t r y  I n  t h e  Space Research and 
Techno1 ogy program 

o To t r a n s i t i o n  research r e s u l t s  t o  the  U.S. aerospace i n d u s t r y  

o To support t he  spacef l igh t  p r o j e c t s  and other  space a c t i v i t i e s  o f  NASA, 
o ther  qovernment agencies, and U.S. industry .  

Those ob jec t ives  w i  11 be r e a l i  zed, as the ob jec t ives  o f  t he  Aeronautics 
Research and Technology program are, through a program o f  d l  s c i p l i n a r y  re -  
search combined w i t h  a program o f  systems research and technology development ; 
enhanceinent o f  t he  s t a f f ,  f ac i  1 i t i e s ,  and computational capabi 1 i t l e s  o f  the  
NASA centers ; increased and more p roduc t i  ve i nvol vement o f  t he  un l  vers i  t i  es ; 
and greater  emphasis on favorable t rans fe r  o f  technology. A1 so, NASA w i l l  use 
and make ava i l ab le  f o r  use by o thers  i t s  unique resource o f  space f a c i l i t i e s  
t o  conduct research and technology development i n  the  actual  space 
envi ronrnent. 

The d i  sci  p l  i n a r y  research program concentrates on the Pol 1 owing areas : 
f l u i d  and thermal physics, m a t e r i a l s  and s t ruc tures ,  computer science and 
EI e c t  r o n i  cs , space energy conver s i  on, con t ro l  s and human fac tors ,  space data 
and communlcat i  ons, and chernical p r o p u l s i o n .  The systems r e s e a r c h  and 
technol ogy development program focuses on space t ranspor ta t i on  systems, 
spacecraf t  systems, and space s t a t i o n  systems, The two programs have common 
techn ica l  ob jec t i  ves t h a t  prav i  de a basi  s f o r  deci s i  ons on fundi ng , personnel , 
and f a c i l i t i e s ,  Those ob jec t ives  are  f o r  ma te r i a l s  and concepts f o r  thermal 
p ro tec t i on ;  longer-1 i fe,  reusable engines; propuls ion and aerobraking f o r  the  
O r b i t a l  Transfer Vehic le;  h i  gh-capaci ty el e c t r f  cal power generat l  on, storage, 
and d l  s t r i  but ion systems; satel 1 i t e  communications; 1 arge antenna systerns; 
space te leopera t i  on, robo t j  cs , and autonomous systems ; space i nforrnati on 



management systens ; computer science f o r  aerospace appl i c a t  i ons ; computati onal 
aerothcrmodynnmic tochn lquus  f o r  e n t r y  b o d i e s  and r o c k e t  eng ines ;  human 
c a p a b l l l  t l e s  i n  space; concepts fo r  advanced sensors; and d i s t r i b u t e d ,  
adapt1 ve con t ro l  s f o r  l a rge  space systems. 

Newly In1  GI ated programs inc lude the Spacefl I ght Exparilnents program, t h t !  
Space S h u t t l e  M a l n  E n g i n e  Test-l3ed Eng ine  program, a program t o  dcvc lap  
technology f o r  the  space s t a t i o n ,  and a  program t o  s t rengthen tho Agency I n  
computer sc i  encc and t o  l nfuse s t a t e - o f - t h e - a r t  computer s c l  enco and technolo- 
gy i n t o  aerospace appl l ea t l ons ,  Planned 1 n i  t l a t i v c s  w f  11 develop technology 
f o r  the  Orb l ta l  Transfer Vehicle, veh i c les  w i t h  h igh  l i f t  t o  drag, spocc 
nuclear  power, power and propuls ion f o r  t he  Spacecraft Bus, system response o f  
l a r g o  s t ruc tures ,  additional f l i g l ~ t  experiments i n  space, autonomous systems, 
1 $qu id  oxygen-hydrocarbon propulsion, sc ien t f  f i c  payloads, l a r g e  doployabla 
r e f l e c t o r s ,  and the  Free-Fly1 ng Exptlrirnents Car r ie r .  

C .  A V l  sion o f  t he  Space Era Beyond the  Year 2000 

Most o f  t h e  programs described i n  t h i s  repo r t  of NASA plann! ng w i l l  reach 
f r u i t l o n  by the  end of t he  20th century, With the  beginning of the  next 
century only  16 years away, I t  i s  none t o o  soan t o  begtn p r e l l ~ n i n a r y  planning 
o f  possib le systcms, pFograms, and a c t i v i  t l e s  fo r  the e a r l y  years o f  the 21st 
century, De ta i l ed  p lanning w u l d  be pre~nature, bu t  a range o f  s tud ies  o f  
poss ib le  a l t e r n a t i v e  programs lnust be conducted t o  he1 p se t  goals and objec- 
t i v e s  For t h a t  period, t o  i d e n t i f y  programs prov id ing  t h e  g rea tes t  p o t e n t i a l ,  
and t o  I d e n t i f y  technologies t h a t  need t o  be pursued. The r e s u l t s  o f  many 
such pre l fminary  s tudies conducted i n  the past 20 years and others now under 
way have cont r ibu ted  t o  the ma te r ia l  sketched below. 

1 .  Space I n f r a s t r u c t u r e  by t h e  Year 2000 

W l  t h  the  Admini s t r a t  i o n ' s  recent  comrni tment t o  devel opmant o f  a permanent- 
l y  manned space s t a t i o n  t o  be i n  o r b l t  as e a r l y  as 1992, a  sign1 f l can t  o r b i t a l  
I n f r a s t r u c t u r e  should be i n  place by t h e  year 2000 t o  support programs i n  
science and exp lora t ion ,  development o f  techno1 ogies and the7 r appl l c a t  i on t o  
improve l l f e  on Earth, and a wide range o f  commercial and i n d u s t r i a l  a c t l v i -  
t i e s .  By the  end o f  the present century, one o r  more permanently manned space 
s ta t i ons  w i l l  have had some years o f  opera t ion  i n  low Eartlr o r b i t  conducting 
many o f  those a c t i  v i  ll es, Other support i  ng systems w f  11 have been developed, 
o r  w i l l  be w f t h i n  NASA's c a p a b i l i t y  t o  prov ide,  They w i l l  have the a b l l l t y  t o  
support large,  permanent Faci 1 i t-l es f o r  science, research and deval opment , 
commerce, and other  a c t i v i t i e s  i n  low Earth o r b i t  and geosynchronous Earth 
o r b i t  ; t o  prov ide rou t ine ,  economical , f l e x 1  b l e  access t o  a1 1  o r b i t s  by manned 
and robo t i c  systems; t o  i n s t i t u t e  r o u t i n e  check-out , r e f u e l  1 ng, repai  r ing ,  and 
upgrading o f  space f a c i l i t i e s ,  as well as debr ls  removal a t  geosynchronous 
E a r t h  o r b i t  ; and t o  devise and implement i nnovati ve Space l'ranspcsrtati on 
System uses and missfons such as large te thered systems f o r  power geqeration, 
nonpropul s i ve  t ranspor ta t ion ,  and sa te l  1  i t e  conste l  1 a t ions .  

A cryogenic vers ion of the  Orb i ta l  Transfer Vehdcle evo lu t ionary  fami ly ,  
c u r r e n t l y  i n  ear ly  stages o f  p re l im ina ry  design, I s  expected t o  prov ide by the  
year  2000 reusability f o r  manned sort l 'e f l i g h t s  t o  a t  l e a s t  geosynchronous 
Earth o r b i t .  I t  also should be able t o  prov ide the bas i s  f o r  t ranspor ta t i on  
f o r  longer f l i g h t s  t o  e s t a b l i s h  a l u n a r  base and f o r  p lanetary  missions such 



a s  n Mars sample r e t u r n  rn lss ion,  Supplonlented s t  t l m o s  by a r c l n o t o l y  
c o n t r o l l e d  Orbi t a l  Maneuvering Vehicle w i t h  specia l  k i t s  f a r  remote servicing, 
fue l i ng ,  and deb r i s  capture, i t  probably should be a b l e  t o  f l y  w i t h  o r  w i thout  
crews w l  t h  minlmum change. Because i t  appears tha t  sarv ic lng ,  mainta in1 ng, 
and r e f u e l i n g  those reusable vehic l  cs w i  11 be more advantageously accompl i shed 
i n  o r b i t  than on the ground, the  space s t a t i o n  must be equipped w i t h  su l tnb lo  
hangar, s c r v i c i  ng , and r e f u e l  i ng f a c i  1 i t f es .  

A p o t e n t i a l  need e x l s t s  f o r  rou t l ne  f l i g h t s  o f  unmanned, cargo car ry ing ,  
Ear th  t o  low o r b i t  veh lc lcs  tha t ,  compared w i t h  the  Space Shut t le ,  w i l l  have 
t h e  abl l i t y  t o  accept payloads w t th  1  arger dlameters and t o  11 f t  greater  
welghts, Those Shut t le -der l  vod launch veb ic les  w o ~ ~ l d  be avai l a b l o ,  o f  coursc, 
f o r  the paylnads o f  o ther  users. 

Var io l~s  advanced systems, t oo l s ,  and techniques v r l l l  have t o  bo ava i l ab le  
by t h e  y e a r  2000 for r o u t l n e  s e r v j c l n g  o p e r a t i o r ~ s  i n  t h e  spaca rogilncs 
occupied by satel 11 tes  and o the r  spacecraft .  A1 so, substant i  a1 augmentations 
t o  crow and 11 f e  support systems u l l l  have t o  be developed. Those augmenta- 
t f  ons must p rov lde  c l  osed-cycle, regenerat ive wa!:cr and a i r  loops f o r  onboard 
environment c o n t r o l  and 1  i f e  support systems ; regenerabl e, space-mai n t a i  ned, 
1 i f e  support backpack systems f o r  ex t raveh lcu la r  act1 v l  t y ;  h l  gh-producti v l  t y  
mob1 li t y  systems; Earth-norm food, hygiene, and habi tab1 1  i ty ; and onboard 
automation t h a t  I s  a b l e  t o  hand le  t a s k s  t h a t  do n o t  necessarily r e q u i r e  
c o n t i n u o u s  manned a t tendance  and t h a t  i s  f l e x i b l e  e t~ough t o  a 1  l o w  easy 
upgrading as  technologi  es advance r a p i d l y ,  

2. &ace Programs o f  t h e  Ea r l y  21st Centua. 

For  t h e  Uni ted States t o  exerc ise space leadership and pursue t h e  long- 
term purpose o f  improving t h e  wel l -being o f  hu~nanklnd i n  the Earth and space 
environments beyond t h e  year  2000, long-range goals w i l l  be requ i red  f o r  
advancing s c i e n t i f i c  know1 edge, space expl o r a t l  on, Ear th  appl cat4 ons, and 
commercial  uses. S u s t a l  ned space r e s e a r c h  and development a l  so w i  11 be 
necessary t o  conceive and develop even more advanced innovat ive  systems and 
techniques than those t h a t  have beer1 developed and w i l l  be developed by the 
end of t h i s  century. Concepts e x i s t  f o r  major manned and automated space 
mi s s i  ons f o r  ach i  ev l  ng those goal s  and f o r  p rov id ing  unprecedented sc i  e n t i  f I c  
and t e c h n i c a l  b e n e f i t s .  Those l n i s s i o n s  w i l l  use a1 1  regimes o f  space 
accessib le i n  the  ea r l y  21st century: low Earth o r b i t ;  h igher  energy Earth 
o r b i t s ,  i n c l u d i n g  geostat ionary o rb i t ;  l una r  o r b i t ;  t he  'I unar surface; and the  
envi rons o f  t h e  inner  p lanets,  

Achievements *In the  e a r l y  21 s t  century i n  scjence, exp lora t ion ,  Ear th 
appl fcat ions,  and commercial uses w i l l  aepend on two trends: f i r s t ,  the  
increas ing  capabl l  i t i e s  o f  space systems w i  t h  regard t o  accessi b i l i t y .  
pay1 oads, s t a y  t imes ,  and v a r i e t y  and sophl  s t i  c a t i  on o f  o p e r a t i o n s  and, 
second, t h e  increas ing  capabi I i t i e s  o f  instruments w i t h  regard t o  detect ion,  
reso l  ut ion,  p o i n t i n g  accuracy, and data c o l l e c t i o n  and management made 
poss i  b l e  p a r t l y  by 1 n~provernent o f  t he i  r power suppl ies and coo l ing  mechanisms. 
Those trends and the  space i n f r a s t r u c t u r e  they produce w i l l  support 
scientific, techn ica l ,  and commercial act4 v i t i e s  and systems no t  now 
possi b l  e, i nc l  ud i  ng : 



o Lorgc f a c l l l t y - c l a s s  obsorvatory instruments I n  both low Earth orb1 t 
and gaosynchronous Earth o r b i t  

o  O r b i t a l  p lat forms,  both oquator la l  and p o l a r  and both automotod and 
human-tandcd, c a r r y i n g  instrument payloads that arc modulnr, varfablc,  
and Interchnngeabl e 

o Large f ac i  1 i tl  os such as tel  cscopo ~ n i  r rorr ;  and r a d i o  antennas assembled 
I n  space by humans f o r  both s c i e n t l  f i c  and communications purposes 

o Large-payload, high-performance p lanetary  exp lo ra t i on  m l  ssions n~iido 
p o s s i b l o  by c l u s t e r i n g  launch stages o r  by u s l r ~ g  O r b i t a l  Transfer 
Vehicle d c r i v a t f  ves 

o Planetary science networks and o ther  long-term act1 u i  t l es  on ot-her 
c e l e s t i a l  bodies such as the moon, Mars, and as teru lds  

o Rout ine  use o f  the  lunar  surface f o r  p lanetary  geoscience studles, 
s o l a r  monitor ing, astronomical surveys, and poss ib ly  e x t r a c t i o n  of 
resources 

a R o u t i  no materi  a1 s processing i n  n i  crogravi  t y ,  a t  bench-test through 
p i  l o t - p l a n t  leve ls ,  probably w i t h  extensive commercial i n v o l  vement and 
cont-l nua l  increases i n  the  v a r l  ety  and q u a n t i t i e s  o f  mater i  a1 s produced 
profitably on a commercial basis .  

a .  Earth Observations and the Near-Space Environment -- 
NASA's a c t i  v j  t i e s  i n  the  21 s t  century w i  11 emphasl ze synopt l  c, 

contlnuous, and long-term observat ions o f  Ear th  and I t s  Imnedlatcl 
surroundings from p la t fo rms i n  bo th  p o l a r  and equator la1 low Earth o r b i t s ,  
A wlde v a r f e t y  of mu l t i spec t ra l ,  ~nicrowave, and o ther  forms o f  sensors 
w i l l  p rov ide  c r i t i c a l  g lobal  i n fo rma t ion  about Ea r th ' s  land surfaces, 
atmosphere, and ocean systems. A complementary system o f  sensors w i  '11 
c o l l e c t  data on the near-Earth space envl ronmerh and I t s  dynamlc behavlor 
by monitoring the  sun, sampling and analyz ing t h e  so la r  wlnd, de tec t ing  
s o l a r  f l a r e  p a r t i c l e s ,  and studytng Ear th ' s  magr~etosphere and I t s  
i n t e r a c t i o n s  w i t h  so la r  a c t l v i  t y .  

As space t ranspor ta t i on  capab i l i  t l e s  increase, s i m i l a r  p la t fo rms i n  
gemta t i ona ry  orb1 t w i  11 prov ide continuous mon i to r ing  o f  l a r g e r  areas o f  
Earth. A l s o ,  automated o r  human-tended i n s t r u ~ e n t s  located on the  l una r  
surface w i  11 beg1 n complementary observations. That l o c a t l  on w i  11 perm1 t 
observat ion o f  Ea r th ' s  e n t i  r e  face, w i t h  simultaneous i n v e s t i g a t l o n  o f  
Earth's space environment and magnetotai 1  , 

The complexity o f  t h e  s c i e n t i f i c  problems invo lved i n  s tudying Ear th  
and I t s  space environment, the  v a r i e t y  o f  observatf  ons possib le,  and the  
p o t e n t i a l l y  high r a t e s  o f  data c o l l e c t i o n  w i l l  r equ i re  major advances i n  
ground-based data c o l l  e c t i  on, management, and analysl s and i n  model 1 i ng 
and pred i  c t i  on techniques. A1 so, rnechani sms w i  11 have been devel oped fo r  
t h e  c r e a t l  on and management of l arge, i ntegrdted, 1 n t e r d i  sc l  p l  i nary 
p ro jec ts  1 i ke the cu r ren t  GI obal Habt tab! 1 i ty  study. 



b . c S r r l a t o r n  -a Expl o r a t l  on 
7 

E x p l o r a t i o n  o f  the so la r  system w l l l  be c~ l ed  ou t  I n  scvoral ways, 
u s i n g  a v a r l e t y  o f  spaca c a p n b l l i t i  s. Even by the beginning o f  ths 21st 
c e n t u r y  many r t? la tJvo ly  sslnll , cos t -c f foc t l l r o  missions contained t n  tho 
So lar  System Explorat ion Corn11 t too '  5 rcconinondad core program w l  1 1 re~aaln 
t o  be snnducted.  They can be c a r r i e d  o u t  w l t h  t h o  S l i u t t l o -Cen tau r  
combinat ion o r  an aqul va lon t  t ranspor ta t i on  system as a s l ra!  ghtLforward 
cont inuat ion  o f  NASA's 1980s avid 1990s progran~, S o m ~  more demanding 
rnl sslclns, such as  thc r t l tu rn  t o  Earth o f  samples from Mars or  a comet, can 
bo enr r i cd  out  i n  a s i m l l a r  fashion. 

Instruments, ch i e f l y  tslcscopos, f o r  p t  anctary studies w i  11 be mounted 
on and supported by the  spacr? s t a t l o n  and 1 t s  assoclatcd platformr;, Evcn 
rnorc s l  y n i  f i c n n t  , perhaps, the space s t a t f  on 's  fue l  l n g  and launching 
capabi l  i t l e s  and the a v a l l o b l l  i ty o f  launch stagos wl t h  h l g l ~ e r  performance 
w l l l  pct'rnit automated missions t o  p lsnotary  systems thsit now are no t  
e a s l l y  accessible, Examples o f  thusa missians are a Mercury o r b l t e r ,  a 
Neptune o r b i t e r  anci probe, f  ntensive study o f  the  J u p f t c r  and Saturn 
systems, and sa~nplc re tu rn  ml a s i  ons o f  greater  sophi s t i c a t i o n .  

Routine access t o  the  l ~ ~ l ~ r  surface w l l l  make poss ib le  tho f i r s t  
i ntenslve, systemdlic study o f  another rnajor c e l s s l i  a1 body, Extensive 
sample co l  l e c t i a n  and s c l a n t i  f t c  t raverses conducted by humans and 
1 ong-term ins t~~urnen t  networks f ns ta l  l e d  and managed by humans w l l l  help 
determine t h e  d e t a i l s  of the  moon's s t ruc ture ,  composition, and h l s to ry .  
They a l s o  w i  11 make accessjble the record o f  so la r  and cosmic ray p a r t l c l e  
f l  uxes preserved i n  thc l una r  sodl l  . S i m i  l a r  sc fen t i  f l c  activities can bc 
c a r r l e d  out  on Mars, e i t h e r  by large, automated spacecra f t  or  by a manned 
m i  ss lon .  O t h e r  s c l e n t i  f i c  achievements w i l l  i n c l u d e  orb1 t a l  remote 
sensf ng o f  t h a t  p l  ar ie t  and a rendezvous m l  ss I  on t o  i t s  moons Phobos and 
Delmos t o  ernplace Instruments on and re tu rn  aarnples frorn them. 

c .  Astrophysfcs and Solar Studies 

Studles o f  t he  universe beyond t h e  so la r  system w l l l  cont inue t o  
depend on the  Shut t le  or  i t s  equivalent; t o  place i n t o  low Earth o r b i t  a 
m i  x t u r e  o f  spa1 1 special  i red mjssions and la rge  observatory-class 
facilities s i m i l a r  t o  those s tud ied  f o r  +ne 1990s by t h e  Natfonal Research 
Councf 1 ' s  Astronomy Survey Cammi t tee ,  Those m l  ssions and f a c i  li t l e s  w i  11 
be s t r u c t u r e d  t o  at tack s p e c i f l c  problems t ha t  remain as the  new century 
beg! ns. 

Automated and human-tended plat forms f n  the  space s t a t 1  on syste~n w i  11 
use a v a r l e t y  o f  astronomical instruments t o  conduct a wfde assortment: o f  
complementary ac t1  v i t l e s .  The abf 11 t y  o f  humans t o  assemble 1 arge s t ruc-  
t u r e s  i n  space w i  11 make possl b l c  space-based astronomic.al 1 r~struments not  
1 i m t t e d  by t h e  s ize  and weight const ra in ts  o f  a Shu t t l e  payload; fo r  
example, l a rge  o p t i c a l  and i n f r a r e d  m i r r o r s  a,ld l a rge  antennas f o r  rad io  
astronomy. The space s t a t i o n  a1 so w i l l  make gossi b l e  an e x c i t l n g  program 
o f  studies combining observations and spacecraft  missions t o  i nves t i ga te  
t h e  sun a s  a s tar .  The space s t a t i o n  w l l l  support t he  l a r g e r  and more 
soph is t ica ted Instruments needed f o r  observing and moni tor ing the  sun, and 
high-performance launch s tages  such as c lus tered Centaurs o r  Orb f ta l  



Trans f o r  Vohl clc  d c r i  va t1  ves w l l l  make p o s s l  b l a  s o l a r  probes, grazors,  and 
orb1 t o r s ,  

Tho l u n a r  sur face w l l l  become a v a i l a b l e  a s  a plat for^^^ f o r  astronom.lca1 
observat ions,  I n1  ti a1 studios, w i  1 I be mndi: w i  t h  smal l  , pro to type ,  human- 
tandcd i ns t ruments  and w l l l  cmphosl t o  sky surveys anu the  detection o f  
unprcdl c l a b l a  events 1 l  kc  supernovas and gamma-ray burs ts ,  

d . L i  fc. Sc i  oncas - 
A major goal o f  t h o  LlSr! Scicnces p r o g r m  w f l l  c o n ~ l n u e  t o  be t o  c a r r y  

ou t  studfes and oxpcr iments t o  suppor t  permanant human a c t l v l t y  i n  space. 
Essent ia l  i ngred ian ts  w i l l  be e o n t i  nu1 ng ground-based research, as we1 1 as 
space f a c i l  i t l a s  i n  the forin o f  dcd i ca tod  rosearch and laboratory modules 
at tached t o  human h a b l t a t s  i n  low E a r t h  o r b i t ,  i n  goosynchronous E a r t h  
o r b i  t, and on the moon, Those modules w i l l  pe rmf t  s t ud ies  o r  several  
cr! t l  ca l  ma t te r s  r c l  atcd  t o  long- term human occupancy o f  spacc: long- term 
p h y s i c a l  and psycho1 og i  ea l  c f  f e c t s  of the  space env i  ronniont on humans ; 
techniques f o r  low-grav i  ty  surgory and r e l a t e d  medical  care ; onv l  ronmental 
support  systems l ncrdas i  n g l y  indopendent o f  o u t s i  de sources and us ing  
an1 ma1 s and p lan ts ,  as appropr i  a l e ,  t o  I ncrease t h a t  1 ndependenco; and 
quarant lne and m a t e r l a l  s hand1 l n g  techniques t h a t  possl  b l y  w l l l  a l l o w  
s p a c e  h a b l t a t s  t o  be used f o r  p o t e n t l a l l y  hazardous  s t u d l e s  o r  f o r  
p r e l i m i n a r y  examinatton o f  sampl es re tu rned  from o t h e r  pl anets, 

A n o t h e r  I . l f e  Sc iences  g o a l ,  t o  s t u d y  t h e  o r i g i n  o f  l l f e  I n  t h e  
u n i  ve rse ,  w l l l  c o n t i n u e  t o  be p u r s u e d  t h r o u y h  an a c t i v e  and d i v e r s e  
g round-based r e s e a r c h  program, I n  a d d i t i o n ,  l a r g e  r a d i o  t e l e s c o p e s  
I n s t a l l e d  f n  space w i l l  p rov lde  t h e  means f o r  a major  e f f o r t  i n  t h e  Search 
f o r  E x t r a t e r r e s t r i  a1 I n t e l  1 i grince program by p r a v i d i  ng improved 11 s ten lng  
capabl 1 i ti es. 

e . Mater i  a1 s Process1 ng (Use o f  M i  c rograv t  t y )  

Even b e f o r e  t h e  end o f  t h i s  century ,  m a t e r i a l s  p r o r l ~ c t i o n  i n  t h e  
mic rograv i  t y  of spacc should have become rou t1  ne, probably  w i t h  ex tens ive  
con~merci a1 i nvo l  vement , f o r  such d i  verse i terns as pharmaceut ical  s, 
c r y s t a l s  , a1 loys ,  and spec1 a1 glasses. Evol u t i o n  o f  the space s t a t 1  on 
w f  11 a1 l ow  t h a t  a c t i  v i  ty  t o  expand, p o s s i b l y  t o  the p l l o t  p l a n t  l e v e l  o r  
beyond, f n t o  separate l a b o r a t o r y  modules and human-tended l a b o r a t o r i e s  i n  
low Ear th  o r b l t .  

A v a r i e t y  o f  space-based power systems, i n c l u d i n g  so l  a r  p h o t o v o l l a i c ,  
n u c l e a r ,  and s o l a r  thermal systems, w l l l  be e s s e n t i a l .  They w i l l  supply 
power t o  the  growing i n d u s t r i a l  complex assoc ia ted w i t h  t h e  space s t a t l o n  
and, perhaps, t o  f a c i  1 l t i e s  i n  geosynchronous orb1 t . The prograni f o r  
developing and t e s t i n g  s o l a r  power systems a1 so can exp lo re  the f eas i  b i  1 i - 
t y  o f  transmitting power t o ,  f o r  example, E a r t h ' s  su r face  o r  t h e  moon. 

Access t o  t h e  l u n a r  sur face w i l l  make poss ib l e  t h t  first r o u t i n e  use 
o f  e x t r a t e r r e s t r i a l  resources Techniques w i  11 be deve'laped t o  enable a 
l una r  base, even be fo re  i t s  permanent occupancy, t o  mine, e x t r a c t ,  and 
f a b r i c a t e  products  f rom l u n a r  m a t e r i a l s .  The goals  w i l l  be t o  make t h e  
1 unar base able t o  suppor t  i t s e l f  as much as p o s s l b l e  f rom l u n a r  feed- 



s t o c k s  and tr, f o s t e r  t he  economic use o f  l u n a r  resources elsewhere i r r  
space ( f o r  example, t h e  use of  l u n a r  oxygen by space systems i n  low Ea r t h  
o r b i t ) ,  E x t r a t e r r e s t r i a l  resources a l s o  w i l l  be i n v e s t 1  gated by  means o f  
m iss ions ,  manned o r  unmanned, t o  near-Ear th  a s t e r o i d s  t o  o b t a l  n i nforma- 
t 4  on on and assess the avaf 1 ab i  11 t y  of resources,  espcci  a1 ly t h o  essen t j  a1 
v o l a t i l e  elements carbon, hydrogen, and n i t r o g e n ,  t h a t  a r c  l a c k l n g  on t h e  
moon. 

f . Comnluni c a t i o n s  

O ras t l ca l  ly expanded communications cepabili t i e s  will bc needed i n  t h e  
e a r l y  21st  cen tu r y  t o  support  b o t h  scientific and c ~ m m e r c i a l  activities !n 
space. That need w l l l  be s a t i s f i e d  ma in l y  by l a r g e  (10- t o  100-meter 
d l a m ~ t e r )  antennas-massembled and tended i n  space by humans and l oca ted  a t  
geosynchronous o r b l  I, I n i  t i  a l l  on o f  1 ong-term human ac t1  v i  t i  es on t h e  
moon w i l l  generate  a h i gh  demand f o r  c o m u n i c a t i o n s  t h a t  w i l l  require 
l u n a r  communicat ior~s systelns consisting b o t h  o f  networks based on .the 
moon's su r face  and o f  l u n a r  satellites a c t i n g  as r e l ays .  S a t i s f y i n g  those 
communications needs w i  11 r equ l  r e  no t  on1 y ex tens i  va research,  bu t  a1 so 
development o f  new systems--such as l a rge ,  space-based antenna arrays--and 
o f  space-based s torage and assembly techniques. New techniques a l s o  w i l l  
be needed f o r  hand1 i n g  t he  vo l  urn1 nous comrnuni ca t1  ons t r a f f i c  generated by 
both s c i e n t i f i c  and commercial a c t 1  v i t l e s .  

The space c a p a b i l i t i e s  avai  l a b l e  a f t e r  t h e  t u r n  o f  t h e  cen tu r y  w i l l  c r e a t e  
a rev01 u t i o n  i n  space research, exp lo ra t i on ,  and e x p l o i  t a t  i on. Large pay- 
1 oads , l o n g  i nstrument 11 fetirnes, human-supported space operat ions,  and 
r o u t i n e  access t o  l ow  and geosynchronous E a r t h  o r b l  t s ,  t h e  l u n a r  sur face,  
p o s s i b l y  t h e  Ma r t i an  surface, and, f o r  unmanned mil;sions, t h e  e n t i r e  s o l a r  
system w i  11 c r e a t e  a researcn and o p e r a t l o ~ i s  env i  ronrnent whose p o t e n t l a l  now 
can be imagined o n l y  d imly .  The i nev : t a b i  1 i t y  o f  human exp l  o r a t l  on--and 
even tua l  l y  habl t a t 1  on--oar t h e  S G ~  a r  system w l l  1 beg! n t o  be appbrent , and 
p o s s i b i l i t l e s  f o r  t app ing  t h e  resources o f  t h e  moon and t h e  a s t e r o i d s  w i l l  
become ev ident .  Means developed be fo re  t h e  t u r n  o f  the cen tu r y  f o r  e f f e c t i v e -  
l y  m o n i t o r i n g  E a r t h ' s  envi  ronment wi  11 he1 p humankind manage that  environment 
w i s e l y  f o r  t h e  b e n e f i t  o f  a l l .  Use o f  space f o r  i n d u s t r i a l  and o t h e r  commer- 
c i a l  purposes should  be commonplace. Consequently, t he  e a r l y  21st  cen tu r y  
shou ld  be an e ra  o f  unpa ra l l e l ed  achievement f o r  humanity, 

D, Aeronaut ics  Program H i g h l i g h t s  Lo Year 2000 

Upon c o m p l e t i o n  o f  t h e  A e r o n a u t i c s  S tudy  l a s t  y e a r  by t h e  O f f i c e  o f  
Sc ience and Techno1 ogy Pol i c y ,  t h e  Admini s t r a t i  an dec la red  as a n a t i o n a l  
p o l i c y  objective t h e  "provision o f  a proven technology base t o  support t h e  
f u t u r e  development o f  supe r l o r  U.S. a i r c r a f t . "  That  p o l i c y  i s  susta ined and, 
indeed, r e i n f o r c e d  by N A S A ' s  goal f o r  i t s  Aeronaut ics  program f o r  FY 1985 and 
beyond: t o  conduct research and technology development t h a t  ensures t h e  
e n d u r i n g  p reeminence  o f  U . S ,  a v i a t i o n .  That g o a l  i s  s u p p o r t e d  by t h e  
f o l  I owing program o b j e c t i v e s :  

o M a i n t a i n  t he  excel lence o f  t h e  NASA research  cen te r s  i n  facilities, 
computat iona l  c a p a b i l i  ty, and technical and p ro fess i ona l  s t a f f .  Th i s  
o b j e c t i v e  r e q u i r e s  r e p a i r i n g  and r e p l a c i n g  ag ing  f a c i  1 i t i e s  as we1 1 as 



dcvel oping add i t i ons  and improvements, advancl ng s c i e n t i f i c  and cngt - 
n e e r i n g  computational f nstruments and programs, and enhancing staff 
competence by s e l e c t i n g  personnel w i t h  h ighest  abi li t jes and prov id ing  
them w i  th career i ncen t l  ves, 

o Conduct d l  s c i p l  i n a r y  and systems research c r i  ti ca1 t o  the cotit1 nued 
s u p e r i o r f t y  o f  U . S .  a i r c r a f t .  Syste~ns integration r c q u l r e s  t h a t  
techn ica l  disciplines, usually t rea ted  I n  i s o l a t i o n  a t  the bas ic  l e v e l ,  
be i n t e r r e l a t e d  through systems research, 

o Ensure the  t ime ly  trans1 t i o n  o f  research r e s u l t s  t o  the  U,S. aerospace 
community, For efficient, t ime ly  t r a n s f e r  o f  technologies t o  indus t ry ,  
i ncreased a t t s n t i o n  must be g l  ven t o  ac t i ve  p a r t i c i p a t i o n  o f  Industry 
i n  NASA's  research and technology development through cont rac tua l  and 
j o i n t  programs; t i m e l y  disseminatfon of r e s u l t s  through workshops, 
conferences, and repo r t s ;  and d t  ssernination t o  Indus t r y  o f  in fo rmat ion  
on technol ogy advances made outs ide  t h e  United States 

a Ensure the Involvement o f  u n i v e r s i t i e s  and Industry i n  NASA's 
Aeronautics program. NASA grants and cont rac ts  a re  an incentive t o  
academjc exper t i se  4n the u n i v e r s i t y  comnutilty and encourage technology 
development by industry f o r  i nco rpo ra t i on  i n  new veh lc le  desf gns. 

o Provide development support t o  the aeronautics a c t i v i t i e s  o f  o ther  
government agencies and U.S. i ndus t ry ,  Whlle f u r n i s h i n g  t h a t  service, 
NASA gains data and experience o f  beneft t  t o  t t s  pr imary miss ion o f  
aeronaut ica l  research and technol ogy development. 

Decisions on funding, personnel, and f a c i l i t i e s  f o r  t h e  p r cgx rn  must be 
cons is ten t  w i t h  the program's 1 ong-term technology deve? opment obf e c t i  ves, 
namely: 

a Advance computational f l u i d  dynamics t o  a l e v e l  o f  p r a c t f c a l  app l ica-  
t f o n  f o r  a i r c r a f t  and engine design 

o Reduce a i r c r a f t  v iscous drag and Improve understanding o f  Reynolds 
number e f f e c t s  a!; t r anson ic  speeds 

o Devel op advanced mate r ia l  s t o  minimize s t r u c t u r a l  wei gh'c o f  a i  r c r a f t  
engines and a i  rframes 

o P r o v i  de advanced c o n t r o l ,  guidance, and f l i g h t  management systsrr- t o  
improve performance and operat ion o f  f u t u r e  a l r c r a f t  

o Ooubl e r o t o r c r a f t  p r o d u c t i v f t y  

o Ensure avai 1 a b i l i t y  of  technol oyy f o r  super ior  mil i t a r y  a i  r c r a f t  and 
m l  ssf  1  e systcrns 

o Enhance f 1 i ght crew e f fec t iveness  through development o f  advanced 
automati on, d i  splay, and con t ro l  techniques 

o E x p l o i t  computer systerns t o  so lve aeronaut ica l  problems 





o Obliqice wings, t o  make posss ib l e  the1 r use a t  t r a n s o n i c  and supers on!^ 
s p ~ e d s  

o A camprehcnsive data base f o r  demonst ra t ing t h e  f e a c i b l l  i t y  o f  
I n t e g r a t i n g  changes i n  r o t o r c r a f t  t o  decrease t h e  n o i s e  they  generate 

o F a u l t - t o l e r a n t  a c t i v e  c o n t r o l s  f o r  c i v i l  and m i l  l t a r y  a1 r c r a f t  

o  Ceramic components f o r  gas t u r b i n e  engines which w i l l  p rav l de  
techno l  ogy f o r  cerarni c  components w i t h  c o n s i s t e n t  p r o p e r t i e s  and 
r e l i a b l l i  t y  f o r  use I n  gas t u r b i n e  ho t  sec t i ons  

o  A l l -weather  c a p a b i l i t y  f o r  h e l i c o p t e r s  ab le  t o  sa t1  s f y  t h e  c f  v i l  sec to r  
need f o r  ope ra t i ng  a t  remote s i t e s  and p r o v i d i n g  elnergency medical  
se r v l ces  and t h e  mill tar,^ need f o r  a  s i n g l e - p i l o t  l i g h t  h e l i c o p t e r  

o  Laminar f l o w  systems f o r  t r a n s p o r t  a i r c r a f t  

o  Smal l  -engine components, which w i  11 improve t h e  performance o f  smal I 
t u r b i n e  engines f o r  use i n  r o t o r c r a f t ,  commuter and general  a v i a t i o n  
a t  r c r a f t ,  c r u i  se m i  s s i  1 es , and aux i  1  i a r y  power tin1 t s  

o E l e c t r i c  secondary power systems and f a u l  t - t o l e r a n t  f l  i y h t  c o n t r o l s ,  
w i  t h  emphasi s  on samar! u~il-cobal t motors, -I n d u c t l  on motors, and 
etectromechanl  c a l  ac tua to r s  

o Advanced supersonic s h o r t  t a k e o f f  and v e r t i  c a l  1  andi  ng f i g h t e r s  

o Improved c o n t r o l l a b i l i t y ,  hand1 i n g  qualities, and safe ty  o f  h igh-  
performance a1 r c r a f t  ope ra t i ng  a t  the  extremes o f  the1 r f l i g h t  
envelopes 

o A data base cover i r rg t he  f u l l  range o f  f l i g h t  c o n d i t i o n s  and speeds f o r  
an f n tegra ted ,  dual  -mode, supersonic combusti on r am je t  engine 

o Techniques f o r  p r e d i c t i n g  the v i b r a t i o n  t h a t  coupled a i r f r ames  and 
r o t o r s  wi 11 exper ience and advznced technol  ogy f o r  reduc ing  r o t c r c r a f t  
v i  brat-i on 

o Dynami c  three-d imensional  f i  n i  t e - e l  ement cornputati  ons t o  op t im i ze  
a i  r c r a f t  designs. 

Aercnaut i  cs Beyond t h e  Year 2000 - 
At the  end o f  the  2'lth century ,  ae ronau t i cs  w i l l  still o f f e r  a  s u b s t a n t i a l  

p o t e n t i  a1 f o r  m a j o r  advances i n  each  o f  t h e  a e r o n a u t i  c a l  d i  s c i  p l  i n e s - -  
aerodynamics, s t r u c t u r e s  and ma te r i  a1 s, propul  si on, and c o n t r o l  s--and, perhaps 
of  even more s i gn i f i cance ,  i n  a b i l i t i e s  t o  combine i n d i v i d u a l  advances i n t o  
i n t e g r a t e d  techno l  ogy f o r  t o t a l  l y  new a1 r c r a f t  systems. I n  a d d i t i o n ,  
con t inued  progress i n  re1  a ted  areas such as e l e c t r o n i c s ,  con~puter  science, 
a r t i f i c i a l  i n t e l l i g e n c e ,  f i b z r  o p t i c s ,  l a s e r  technology, and q u i t e  proh! jh ly 
some f i e l d s  n o t  y e t  i d e n t i f i a b l e ,  w i l l  increase f u r t h e r  t h e  p o t e n t i a l  f o r  
progress i n  aeronau t i cs  over  t h e  nex t  century. 



Technologies f o r  conventional subsonic t r a n s p o r t s ,  general  a v i a t i o n ,  and 
h e l i c o p t e r s ,  a l l  o f  which a re  lna jar  i n t e g r a l  components o f  t oday ' s  a v i a t i o n ,  
w i l l  cont inue t o  be impor tan t  f o r  many years  i n t o  t h e  nex t  century .  NASA w i l l  
con t i nuo  t o  develop technology f o r  necessary Improvements i n  the sa fe ty ,  
p roduc t1  v i  t y ,  and ope ra t i ona l  e f f e c t i v e n e s s  o f  subsonic t r a n s p o r t s  and i n  t h e  
e f f l c i e n c y ,  sa fe ty ,  and automation o f  the t a s k s  performed by general  a v i a t i o n  
p i  l o t s ,  Increases i n  t h e  a1 1-weather ca a b i l l t y  and product iv - l ty  of  conven- 
t i o r r a l  h e l i c o p t e r s  and reduc t i on  o f  t h e  1 r no ise  and v i b r a t i o n  will g r e a t l y  
expand t h e i r  use I n  c i v i l  t r a n s p o r t a t i o n ,  as we1 I as i n  t h e  special-purpose, 
u t i l i t y ,  and m i l  l t a r y  rniss!ons t hey  per fo rm today. 

Bu t  prqbably 9 f  even lnore s i g n i f i c a n c e  w i l l  be new o p p o r t u n i t i e s  and 
cha l lenges  coirrrected w l  t h  supersonic c r u i s e ,  high-speed r o t o r c r a f t ,  shor t -haul  
subsonic  t r a n s p o r t a t i o n ,  and hypersoni  c  f l i g h t ,  

1, Supersonic Cru! se 

Advances i n  supersonic  c r u i s e  technol  ogy w l l l  p rov ide  impor tan t  opt1 ons 
f o r  b o t h  c i v i l  t r a n s p o r t a t i o n  and m i l i t a r y  a i r c r a f t ,  The nex t  cen tu ry  w i l l  be 
cha rac te r i zed  by severa l  t rends  t h a t  a re  almost c e r t a i n  t o  a l t e r  the ou t l ook  
Fori long-range t r a n s p o r t a t i o n .  World popu la t ion  w i  11 con t inue  t o  grow, and 
t h e  l a r g e s t  component o f  t h a t  g r o w t h - - o v e r  7 5  p e r c e n t - - w i l l  be i n  t h e  
deve lop ing  nat ions.  The growth o f  popu la t ion  and i n d u s t r y  i n  the  P a c i f i c  
B a ~ i n ,  South Ameri ca, Asia, and Afr ica- -and t h e  r e s u l t i n g  inc rease  i n  t r ade  
and mu1 ti n a l i  onal business--wi 11 c rea te  a market f o r  over-ocean t r a n s p o r t a t i o n  
w i t h  stage leng ths  cons iderab ly  g r e a t e r  than those over  t h e  Nor th  A t l a n t i c .  
Thosa l o n g  stages and t h e  l a r g e  f r a c t i o n  o f  t r a v e l  t h a t  w i l l  be business 
o r i e n t e d ,  r a the r  than  t o u r i s t  o r i en ted ,  w i l l  i nc rease  t h e  va lue o f  reduc ing 
t r i p  t l n ~ e  and i n c r e a s i n g  p r o d u c t i v i t y ,  and w i  11 p r e c a l p i t a t e  renewed i n t e r e s t  
i n  supersonic t r a n s p o r t a t i o n .  

The Concorde a1 ready has proven t h e  t e c h n i c a l  f e a s i  b i  1 i ty  o f  supersoni c 
af r t r a n s p o r t a t i o n ,  b u t  a1 so has proven t h a t  a  system based on technology o f  
the 1960s cannot be economical 1  y v i a b l e .  Research conducted s ince  t e rm ina t i on  
o f  t h e  U.S. supersonic t r anspo r t  program has r e s u l t e d  i n  cons iderab le  op t im i  srn 
t h a t  a  supersoni c  t r a n s p o r t  can be econonii cal l y  v i  a b l e  and env i  ronmental l y  
acceptable.  Design s tud ies  conducted by the major a i  r c r a f t  manufacturers 
i n d i c a t e  t h a t  an advanced technol  ogy supersonic t r a n s p o r t  cou ld  c a r r y  300 t o  
400 passengers over  i n t e r c o n t i n e n t a l  ranges a t  more thau  t h r e e  t imes the  speed 
and product1 v i  t y  o f  today 's  subsonic t r anspo r t s ,  Operat ing cos t  est imates 
suggest t h a t  l i t t l e  i f  any surcharges over  t o u r i s t  f a res  would be requi red,  
and some c o n f i g u r a t i o n  approaches appear t o  promi se son i c  boom overpressures 
t h a t  would be s u f f i c f  e n t l y  low t h a t  f l i g h t  over l and  would be p r a c t i c a l .  

Supersoni  c - c ru i  se technol  ogy a1 so i s impor tant  f o r  development o f  combat 
a i  r c r a f t .  Recent  s t u d i e s  and combat e x p e r i e n c e  f  n d i c a t e  t h a t  s u s t a i n e d  
s ~ l p e r s o n i  c  c r u i  se, coup1 ed w i t h  h i g h  maneuver capabi 1  i ty  , would p rov ide  a 
cons iderab le  i nc rease  i n  combat e f f e c t i v e n e s s  and surv i  vabi  1 i t y  . I n  addi ti on, 
t h e  h i ghe r  th rus t - to -we i  ght  r a t i o s  assoc ia ted w i t h  supersonic c ru i  se 
capabi 1  i t i e s  i nc rease  the f e a s i  b i  1  i t y  o f  short t a k e o f f  and v e r t i c a l  1  tindi ng 
c a p a b i l i t l e s  f o r  f u t u r e  f i g h t e r s .  





f l  i ght e n t a i l s  technl cal problems i n  propul s f  on and aerodyna~ni c heat ing t h a t  
w i  11 be more d i f f i c u l t  t o  solve, However, research has i nd i c i l t ed  t h a t  they 
c a n  be solved,  mak ing  h y p e r s o n i c  f l l g h t  o p e r a t i o n s  I n  t h e  n e x t  c e n t u r y  
p r a c t i c a l  and perhaps even r o u l i  ne. tong-range c r u i  so m i  s s i l  es wj t h  
supersonic- omb bust ion ramjet (scrarnjet) propuls ion systems burn1 ng h igh-  
d e n s l t y  hydrocarbon fuels may be the  f i r s t  generat ion o f  operat ional  
hyperson! c vehi cles ,  f o l l  owed by s t r a t e g i  c reconnai ssance , i r c r a f t  able t o  
cruise a t  Mach 5 t o  Mach 7 a t  very h igh  a l t i t u d e s ,  There a l so  i s  renewed 
1 n t e r e s t  i n  a hyperson1 c lnaneuveri ng a i  r p l  ane capable o f  sustat ned operation 
b o t h  I n  the atmosphere and f n  low o rb l t ,  Equipped w i t h  a  combination o f  
scralnjet and rocke t  propuls ion t o  match the  t:ransatmospheric envelope, i t  
probab ly  would be a b l e  t o  take o f f ,  as we l l  as land, h o r i z o n t a l l y .  Technolagy 
development l n v o l  v l n g  h igh l y  coordinated systems research I n  the  propul slon, 
aerodynamic , s t ruc tu res  , and con t ro l  s d i  sc i  p: i nes w i  1 1  be requ l  red and w i  11 
have t o  be conducted on the bas1 s  o f  pos tu la ted  f u t u r e  veh ic le  requiren~ents 
un t  i 1 actual m i  1 i t a r y  spacef I l ght  needs can be defined. 

5. Research Opportunl t i e s  

The Aeronautics Research and Technolagy Base e f f o r t ,  t h e  pr imary source o f  
t h e  seeds far long - range  f u t u r e  growth,  w e l l  may l e a d  t o  a d d i t i o n a l  and 
perhaps even more important next-century devel oprner~ts t h a t  now cannot be 
i d e n t i f i e d ,  Two areas o f  extreme importance t o  developments i n  a l l  the types 
o f  aeronaut ica l  veh i c les  are the growing dependence o f  a i r c r a f t  and englrle 
design on numerical s imu la t ion  and the  use o f  m ic roe lec t ron i cs  i n  a i r c r a f t  
c o n t r o l s .  

An a b i l i t y  t o  compute f l u i d  dynamics I s  essent ia l  f o r  enhancing under- 
s tand ing  o f  aeronaut ica l  phenomena and f o r  f a c i l i t a t i n g  t h e  aeronautical  
d e s i g n  process.  By t h e  year  2000, s o l u t i o n s  t o  t h e  f u l l  Nav ier -Stokes  
equat ions should be possible, p rov id tng  exact so lu t i ons  f o r  +he rea l  f low o f  
gases, a1 l o w i  ng a c c u r a t e  model i ng o f  t u r b u l e n c e  and separa ted  f l o w ,  and 
o p e n i n g  t h e  way t o  a  broad range o f  c o n t r o l  mechanisms f o r  i m p r o v i n g  
aerodynamic f lows. 

Technology advances t h a t  should be incorporated l n t a  a i r c r a f t  o f  the  next  
century  w i  11 requ i  r e  tha t  systems i n t e g r a t i o n  c a p a b i l i  t i e s  he developed t o  a 
degree even more advanced than those r e f l e c t e d  t n  the  Space Shut t le ,  t he  best 
c u r r e n t  exdmpl e o f  a  h igh l y  i n teg ra ted  aerospace vehic le.  H igh ly  re11 able 
f l i g h t  contro ls ,  e l e c t r i c  power systems, and e lect ro~nechanical  actuators w i  11 
a1 1 ow rep1 acement o f  mechanical , hydraul i c ,  and pneumatic systems w i t h  
a1 1  - e l e c t r i c  systems having h igher  re11 abi 1  i ty and 1  ower wei ght  . Fiber  o p t i c s  
will make poss ib le  f l y - b y - l i g h t  systems p rov id ing  s t i l l  o rea ter  f l e x i b i  l i ty ,  
wel gh t  reduct ion, and p ro tec t i on  from 1  i g h t n i n g  e f fec ts .  Technology t r i l l  be 
avai  1 ab le  f o r  act1 ve con t ro l s  t o  a1 l e v i a t e  s t r u c t u r a l  loads and suppress 
f l u t t e r ,  thereby s i g n i f i c a n t l y  improving r i d e  qua1 ! t i e s  and reducing p i  l o t  
work1 oads and s t r u c t u r a l  f a t i  que. 

Many o f  the  t o o l s  and f a c i l i t i e s  t h a t  w i l l  be requ i red  t o  support research 
and technology and veh ic le  development i n t o  t h e  21st century e i t h e r  a l ready 
e x i s t  o r  are under development . NASA's  impressive capabi 1  i t y  i n  1 ow-speed and 
high-speed wind tunne ls  recen t l y  has been augmented w i t h  the  National 
Transoni c Fac i l  i t y  and w i  1 l be enhanced f u r t h e r  when the  40X80X120-foot wind 
tunne l  a t  Atties Research Center becomes operat ional .  However, add i t i ona l  



capabi l  i ties w 1 bo needed f o r  large-scale,  real-gas, hypersonic engine 
t e s t i n g  , f o r  i c i  ng research, and f o r  1 arge-scale, i n teg ra ted  a i  rframe- 
propuls ion systems research I n  whlch a1 t i  tude, temperature, and speed e f f e c t s  
can be stud1 ed cnncurrent ly .  

I n  add1 t i  an t o  those types of ground-based f a c i  1 i t i e s ,  technology 
developaent w l l l  eon t i  nue t o  requl  r e  i'l l ghl: research as an essent i  a1 clement , 
Thus, new experimental vehic les probably w i l l  be requ i red  i n  t h e  areas of 
hypersoni cs, supersonic rho r t - t akeo f f  and v e r t i c a l  1 andl ng, advanced 
supersonic c r u i  se a i  r c r a f t  , and very h igh  speed r o t o r c r a f t .  

The f u t u r e  o f  aeronaut ics i n  the next century i s  r e p l e t e  w i t h  techno log j  
oppor tun i t ies  f o r  growth and advancement even more lmpressi ve and exci  t i  ng 
than those witnessed i n  the pres~,n t  century, but  successFu1 r e a l  i zat ion  w i l l  
requl r e  continued e f f o r t  and commitment . N A S A ' s  research i s prov id ing ,  and 
w i l l  cont inue t o  provide, a s o l i d  foundat ion Prom wh+ch NASA w i l l  proceed 
e f f e c t i v e l y  i n  d i r e c t i o n s  i t  s e l e c t s  on t h e  b a s i s  o f  n a t i o n a l  needs and 
priorities. 

Two o f  the  e igh t  NASA goals l i s t e d  i n  Sect ion A o f  t h i s  chapter, t he  f i r s t  
and the  l a s t ,  are fundamental t o  i n s t i t u t i o n a l  management, As an important  
step toward rneetlng the ff rst, c rea t i on  o f  a work environrncnt t h a t  w i  11 enable 
the  Agency t o  achieve and mainta in a work fo rce  o f  h lghcs t  excel lence, NASA 
has undertaken as a p r l  or1 t y  a c t i  v i  t y  recru i tment  o f  recent graduates o f  
d i s t i n c t i o n  i n  science and engineering. During the  pas t  year, t he  science and 
engineering complement increased by nea r l y  350, t o  11,094, and i s  expected t o  
grow t o  approximately 11,500 by the  end o f  FY 1989. O f  p a r t i c u l a r  s i g n i f l -  
cance i s  t h a t  the bu i ldup i s  occurring w i t h i n  a s tab le  c e i l i n g  o f  about 21,000 
f o r  NASA's t o t a l  permanent work force. 

The l a s t  o f  the e l g h t  yoals c a l l s  f o r  developing and apply! ng advanced 
technol ogy and rnanagelrlent; techniques and procedures t o  o b t  d i  n o timum produc- P t i  v i  ty, Two major a c t i  v i  t ' are bet ng conducted toward meet ng t h a t  goal . 
The f i  r s t  1 s p reserva t l  on, enhancement, and cons t ruc t i  on o f  aeronaut ica l  and 
space f a c i  1 i ti es , especi a1 ly f a c i  1 i ti es essent i  a1 t o  support the growing 
number o f  Space Shu t t l e  f l i g h t s  and t h e  payloads they carry,  The second, 
computer systems management, has the  obJact ives o f  ensuring t h a t  the best 
computer t o o l s  a r e  a v a i l a b l e  a t  t h e  r i g h t  t i m e  and a t  t h e  l o w e s t  c o s t ,  
f o s t e r i  ng the use o f  computer systems t o  i ncrease management product1 v i  t y  , and 
advancing computer and computer-re1 ated technol ogy f o r  the  b e n e f i t  o f  NASA and 
the  Nation. 
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111, SPACE SCIENCE AND APPLICATIONS 

The Space Science and Applications program I s  responejble f o r  s c i e n t i  f i c  
research i n t o  the  nature and o r l g i n  o f  the universe and f o r  s p ~ l y l n g  space 
systems and techniques t o  solve everyday problems on Earth, The research 
Inc ludes  observat ion o f  the distant; universe, exp lo ra t i on  o f  tho  near un l -  
verse, and character1 za t ion  o f  Ear th  and i t s  envi ronr,ient. The app l i  cat ions 
work advances the  11 f e  sciences, improtes s a t e ' l l l  t e  comunl  cat lons,  i n v e s t l -  
gates the behavior o f  ~na te r t  a1 s d u r i  ng processi ng i n  m i  c rograv i  t y  , and expands 
knowledge o f  Ear th  and i t s  environment. 

Observation o f  t he  d l s t a n l  universe inc ludes  measurement o f  the  rad ia t<on 
and p a r t i c l e s  reaching Earth from beyond the  s o l a r  system and study o f  t h e  sun 
as t h e  only  s t a r  t h a t  can be observed i n  d e t a i l .  Q u e s t l b ~ s  under study deal 
w i t h  the o r l g i n ,  evolut ion,  and s t r u c t u r e  o f  the  unlvcrse and the fundamental 
laws o f  physlcs t h a t  govern i t .  Space f l i  g h t ' s  p r l n c i  pal contribution 1s t o  
p rov ide  a vlew o f  the  universe unobscured by the haze o f  Ear th 's  atmosphere, 

Exp lora t ion  of the  near un l  verse Inc ludes v i s i t i n g  and study l n g  ob jec ts  
and environments i n  o r  near t h e  so la r  system t o  l n v e s t l g a t e  the  o r i g i n  and 
evo lu t i on  of t he  so la r  system and t o  compare Earth w i t h  the  o ther  p lanets  and 
the1 r satel 1 i tes.  Measurements focus on I n t e r n a l  structunes, surface fea- 
t u res ,  atmospheres, and plasma environments and, therefore,  requi  r e  remote and 
i n  s l t u  observat ions and sample returns.  

Character1 z i  ng Earth and i t s  envl ronment invo lves  remote sensl ng from 
space and measurement o f  the  particles and e l e c t r i c  and magnetic f i e l d s  o f  
Ear th  and i t s  surroundings t o  determine how t h e  s o l i d  p lanet ,  land surfaces, 
oceans, atmosphere, and plmnasphere f u n c t i  on and i n t e r a c t ,  A1 so i nvol ved are 
i nves t i ga t i ons  o f  how l i f e  originated, has evolved, and i s  n~aintafned on 
Earth, as we l l  as research on fundamental laws of physics and chemistry and 
t h e i r  app l ica t ion .  The view from space g ives mankind I t s  f i r s t  t r u l y  g lobal  
perspect ive on I t s  home i n  the unfverse. 

The L i f e  Sciences program seeks t o  ensure the  heal th,  safety,  we l l  -being, 
and e f f e c t i v e  performance o f  humans i n  space an4 t o  p r e p a r e  t h e  way f o r  
humankind t o  take  a p lace  i n  t h e  l a r g e r  environment o f  the universe. It a l s o  
uses the space environment t o  fu r ther  knowledge i n  medicine and b lo logy  by 
exposing l l v i n g  organisms t o  space and n o t i n g  the ef fects,  I f  de le ter ious  
e f f e c t s  are detected, countermeasures are sought. 

The Communi cat! ons program f s desi gncd t o  develop h i  gh-r i  sk e l e c t r o n i  cs 
techno'logy use fu l  i n  m u l t i p l e  frequency bands t o  s a t i s f y  the communications 
needs o f  NASA, o ther  government agencies, and U,S. industry ,  

The a i m  o f  the  Mater ia ls  Processing program i s  t o  improve basic  under- 
s tanding o f  ma te r i a l s  and t h e i r  behavior i n  mtcrogravi ty .  Research i n  the  
space environment c l a r i f f  es mate r ia l s  processes and explores feas ib le  and 
advantageous processing t h a t  one day may lead t o  an i n d u s t r y  i n  space, 

A. Program Strategy 

Space science and app l l  ca t ions  programs concentrate on problems whose 
s o l u t i o n  requ i res  p lac ing  instruments i n  space and the  upper atmosphere t o  





o f  c o n t i n u l  t y  i s  susta ined cornmi tment t o  s c i e n t l  f f c  endeavors t h a t  r e q u l l  : 
many yea rs  o f  p l a n n i n g  and execu t ion ,  

Study o f  t he  D i s t a n t  Universe 

S t u d y  o f  t h e  un iverse  i n v o l v e s  quest ions a t  t he  coro o f  human concern. 
What i s  the s h e ,  scope, and s t r u c t u r e  o f  the universe? What i s  ~nankfnd's  
place ? r :  St? How d i d  1 t begin? Is i t  unchanging o r  does i t  evolve, and w i  1  l 
i t  hdvo an end? What a re  t h e  laws t h a t  govertl c e l e s t i a l  phsnomena? 

Answers t o  such quest ions a r e  sought by I n v e s t i g a t i n g  t h e  sun, scars,  
g a l a x i e s ,  gas, dus t ,  and t h e  laws o f  phys lcs govern ing them. K a t t c r  i n  t h e  
ur l i  verse var ies  i n  s i z e ,  shape, der rs l t y  (hy a t  l e a s t  40 ordetUs o f  magnitude), 
and temperature (by bS 11 i ons  o f  degrees), E lect ramagnet i  c r a d i a t i o n  eini t t e d  
by m a t t e r  .In t h e  un tverse  ranges f rom h i g h l y  ene rge t i c  gamma rays, through 
x - rays  and u l t r a v i o l e t  r a d i a t i o n ,  f u r t h e r  through l e s s  ene rge t i c  i n f r a r e d  and 
microwave r a d i a t i o n s ,  t o  t h e  r a d i o  reg ions  o f  t h e  !ipectrunrr Objects  i n  t h e  
t h e  untverse a l s o  r a d i a t e  p a r t i c l e s  i n  the form o f  s t e l l a r  winds and cosmic 
rays ,  and i t  i s  presumed t h a t  those particles g i v e  o f f  as y e t  undetected 
n e u t r i n o s  and gravf  t a t l o n a l  rad: a t i  00. 

U n t i l  the  space age, t he  un i ve rse  cou ld  be observed o ~ i l y  t h r o u g l ~  " t h e  
d i r ty  basement windows o f  t h e  atmosphere," Water vapor I n  t h e  atlnosphcre 
b l o c k s  much o f  t h e  i n f r a r e d  spectrum; and r a d i a t i o n  t h e  u l t r a v i o l e t ,  x-ray,  
and gamma-ray f requenc ies  does not  penet ra te  t h e  atmosphere a t  a1 1 . Even a t  
t h e  wavelengths o f  v i  s.1 b l e  1 i g h t ,  atmospheric tu rbu lence  and scf n t i  11 a t l o n  
1 i m i t  t h e  performance o f  the b e s t  ground-based telescopes, Hawever, as a 
r e s u l t  o f  t h i s  c o u n t r y ' s  program 1 n sjlace astronomy and as t rophys ics  d u r i n g  
t h e  p a s t  two decades, a  new view o f  t h e  un iverse  i s  e~nerging. Rocket and 
s a t e l  11 te observa t ions  a t  u l  t r l a v i o l  e t  wave1 engths have shown t h a t  many s t a r s  
e j e c t  enormous amounts  o f  m a t e r i a l  a t  h i g h  v e l o c i t ~ I e s .  A r e v o l u t i o n  i s  
occurring i n  knowledge o f  t h e  chemical composi t ion and phys i ca l  s t a t e  o f  
i n t e r s ? e l  1 a r  gas and dust.  Both u l  t r a y l o l e t  and x-ray observa t ions  have shown 
t h a t  mi\ny types o f  s t a r s  possess high-temperature,  tenuous o u t e r  l a y e r s  and 
ex t r i b i f ,  s o l a r - l i k e  a c t i v i t y .  However', t h e  behavior  o f  those s t a r s  i s  no t  
c o n s i  t i ten t  w i t h  c u r r e n t  understanding o f  t h e  s o l a r  chromosphere and ccrona . 
D l  scovery  o f  c e l e s t i  a1 x-ray and gamma-ray sources has reveal  ed the  e x i  stence 
o f  new types o f  c e l e s t i a l  o b j e c t s  and has shown t h a t  exp los i ve  events  o f  
un imaginable v i o l e n c e  occur r o u t i n e l y  i n  t h e  u n i  verse. 

Evidence accumul a ted  f rom x- ray measure~nents suggests t h a t  a  s ign1 f i c a r l t  
f r a c t i o n  o f  t h e  m a t t e r  i n  the  un i ve rse  may e x i s t  as very h i g h  teniperature gas 
l o c a t e d  between t h e  ga lax ies .  Ob jec ts  rang ing  i n  d ls tance  from nearby cool  
s t a r s  t o  t h e  most d i s t a n t  quasars emi t  x-rays, and recer i t  observa t ions  have 
shown t h a t  some as t ronon~ i ca l  bod ies  etnit most o f  t h e i r  energy as gamma rays. 
The f i r s t  survey a t  i n f r a r e d  wavelengths d iscovered s t a r s  w i t h  d e b r i s  systems 
t h a t  could imply  t h e  format1 on o f  p l ane t s  around t h e  s ta r s .  Fu tu re  p r o j e c t s  
a r e  be ing  designed t o  sus ta i n  t h e  r a p i d  pace o f  develo7ment o f  observ ing  
a b i l i t i e s  t h a t  w i l l  c o ~ t i n u e  t h i s  r e v o l u t i o n  i n  understanding o f  t h e  un iverse.  

The sun i s  t h e  o n l y  star t h a t  can be s tud ied  i n  d e t a i l ,  and study o f  i t  i s  
e s s e n t i a l  t o  i n t e r p r e t i n g  t h e  d i  s t a n t  un iverse.  Magnetic f i e l d s  c o n t r o l  t h e  
s o l a r  atmosphere, and t h e  s t r u c t u r k  o f  t h e  s u n ' s  co rona  i s  dom ina ted  by 
magnet ic  arches and loops.  I n  add i t i on ,  t h e  corona con ta ins  reg ions  c a l l e d  



coronal  ho les  From which t h e  magnet ic f i e l d s  extend i n t o  i n t e r p l a n e t a r y  space, 
c r e a t i n g  the s o l a r  wtnd, 

Techn-iques have been developed r e c e n t l y  f o r  measuring t h e  mot ions o f  t h e  
v i s i b l e  su r face  of t he  sun, the photosphere, Observat ion and a n a l y s i s  o f  t h e  
mot1 ons r e s u l  tl ng f rom waves o c c u r r i  ng I n  the  sun's convac t i  ve i n t e r f  o r  have 
l e d  t o  t h e  conc lus ian  that the convec t i ve  r eg ion  o f  the sun extends deeper 
than  p r e v i  ous l  y be1 i eved. Observat ions t h a t  a re  d l  r e c t l y  re1  a t e d  t o  t h e  sun's 
i n t e r l o r  s t r u c t u r e  and prbocesses now can be made. The osc i  l l a t o r y  mot ions 
a l s o  may con ta i n  I n f o r m a t i o n  about t h e  change f n angu la r  v e l o c i t y  o f  the  
convec t i ve  l ayep  w l t h  d i s t a n c e  from the  sun ' s  center.  

1, 

Studies o f  t h e  un i ve r se  progress th rough  f i v e  stages: 

o  P re l im ina ry  surveys t o  de tec t  gross f ea tu res  

o I n i  t i a l  a1 1  -sky surveys t o  s t a r t  d e f i n i n g  source characteristics, 
approximate source l o c a t i o n s ,  and cal l e c t  o t he r  u s e f u l  I n f o r m a t i  on 

o H i  gh -sens l t i  v i  t y  surveys o r  d e t a i  1 ed s tud ies  o f  i n d i v i d u a l  sources 

o F l i g h t  o f  f u l l - s c a l e  observatories 

o F l  f g h t  2r spec ia l  i zed fo l low-up and observa to ry  suppi l r t  ml ssions. 

The %ages o f  development o f  t h e  d i  s c i  p l  i nes  w i t h i n  as t r ophys i cs  vary  
s i g n i  f f  carit  ly. For example, t h e  f i r s t  extreme u l t r a v i o l e t  sources have been 
de tec ted  o n l y  r ecun t l y ,  p l a c i n g  t h i s  d i s c i p l i n e  i n  the  f i r s t  o f  t h e  f i v e  
scages. I n  con t ras t ,  t h e  Space Telescope w i  11 advance u l t r a v i o l e t  and o p t i c a l  
astronomy i n t o  t h e  f o u r t h  stage, Each wavelength and p a r t i c l e - e n e r g y  range 
p rov ides  speci  f i  c i n fo rma t i an  about c ~ l  e s t i  a1 ob jec t s  and processes. However, 
f u l l  unders tanding o f  some cb jec t s ,  such as quasars, r e q u i r e s  abservat ions a t  
a1 1 wavelengths. I n  a d d i t i o n ,  appa ren t l y  un re l a ted  o b j  b'ts o f t e n  invo' lve 
sl~nllar phenomena, but  on d i f f e r e n t  sca les.  To o b t a i n  a complete p i c t u r e  o f  
t h e  p h y s i c a l  u n i v e r s e ,  a l l  t h e  astrophysics d i s c i p l  i n a s  w i l l  have t o  be 
advanced. 

2, Current  Program 

The Ast rophys ics  program c u r r e n t l y  c n n t a i  ns n i n e  research  p r o j e c t s .  Each 
p r o j e c t  i s  aimed a t  a pa r t i cu1e1 -  se t  o f  problems bu t  a l s o  g e n e r a l l y  over laps  
o the rs  t o  p rov i de  a v a r i e t y  o f  v iewpo in ts  and, t he re fo re ,  a  more comprehensive 
unders tandi  nq a f  p a r t i c u l a r  phenomena. An example o f  a phenomenon subjectcl: 
t o  t h a t  t r e a t m e n t  i s  f la r l 'ng  o f  s t a r s .  Although only t h e  S o l a r  Maximunr 
M i  ss ion  i s  aimed speci f i c z l l y  a t  i n v e s t i  gat1 on o f  f l a r e s  on t h e  sun, f ou r  o f  
t h e  n ine  p r o j e c t s  w i l l  c o n t r i b u t e  t o  an unders tanding o f  how the sun's energy 
i s  stored, what t r i g g e r s  I t s  re lease, and how t h e  sun and i t s  atmosphere 
resp0r.d t o  t h e  f l a r i n g .  



n ,  Sola r  Maximum Miss ion 

A c t i v i t y  i n  s t a r s ,  including t h e  sun, i s  most  e a s i l y  s t u d i e d  by  
observ ing t h e  u l t r a v i o l e t  l i g h t  and x-rays they  ern1 t. However, because o f  
t h e  sun's p r o x i m i t y  t o  Ear th ,  i t s  f l a r e s  a l s o  can be imaged w i t h  hard 
x - r a y s  and t h e  products  o t  nuc lear  c o l l i s i o n s  I n  i t s  at~nosphere can be 
observed. Desp i te  t h e  l l m i t e d  t ime  i t s  p r imary  sensors were ope ra t i ona l ,  
t h e  Solar  Maximum MI s s i  on has obta ined  the most comprehensive observat ions 
t o  d a t e  on s o l a r  f l a r e s .  I t s  ~Smul tancous  observat ions v e r  a  broad band 
o f  t h e  e lec t romagnet i c  spectrum have y i e l d e d  a r e l l a t  : model o f  f l a r e  
phenomena, A f t e r  i t s  planned i n - o r b i t  repa i  r i n  1984, I t  w i l  1  resume 
observat ions w i t h  t h e  goal o f  d i scove r i ng  how f l a r e s  a re  t r i gge red .  

Obse rva t i on  o f  a c t i v i t y  on s t a r s  thought  t o  be l i k e  t h e  sun can t e l l  
much abou t  t h e  range o f  t h e  sun 's  a c t i v i t y  and what i t  i s  l f k e l y  t o  be i n  
t h e  fu ture.  Consequently, i n  a d d l t i o n  t o  other problems r e l a t i n g  t o  s t a r s  
and  galaxleq, t h e  t h r e e  miss ions  whose d e s c r i p t i o n s  f o l l o w  w i l l  s tudy 
f l a r e s  on o t h e r  s tars- -hot  s t a r s ,  coo l  s ta rs ,  r a p i d l y  r o t a t i n g  s ta r s ,  and 
s t a r s  w i t h  s t r ong  magnetic f i e l d s .  

b. I n t e r n a t i o n a l  U l  t r a v j o l e t  Exp lo re r  

The I n t e r n a t i o n a l  U l t r a v i o l e t  Exp lo re r  was a  j o i n t  under tak ing  by 
NASA, t h e  Un i t ed  Kingdom's Science Research Counci l ,  and t h e  European 
Space Agency. Since i t s  launch i n  1978, i t  has p rov ided  u l t r a v i o l e t  
spec t ra  f o r  s t ud ies  o f  comets, t h e  o u t e r  p l ane t s  and t h e i r  s a t e l l i t e s ,  t h e  
atmospheres o f  s t a r s ,  t h e  i n t e r s t e l l a r  medium, and e x t r a g a l a c t i c  ob jec ts .  
It has expanded understanding o f  s t e l l a r  winds, gaseous ha los around 
g a l a x i e s ,  and s o l a r - l l k e  a c t i v i t y  on o t h e r  s ta rs ,  It i s  dn impor tan t  
p r e c u r s o r  t o  the Space Telescope, n o t  o n l y  s c i e n t i f i c a l l y  bu t  a1 so as a 
f a c l l  i ty  operated f o r  t h e  b e n e f i t  o f  guest 1 nves t iga to rs .  

c. Hubble Soace TelescoDe 

The p r i n c i p a l  element i n  t h e  astronomy program i s  t h e  2.4-meter diame- 
t e r  Hubble Space Telescope t o  be launched i n  1986 by t h e  Space Shut t le .  
It w i l l  be a  long-dura t ion  o r b i t a l  f a c i l i t y  se rv iced  by t h e  Shu t t l e ,  whose 
crew w i l l  change and update t h e  Telescope's f oca l  p lane  ins t ruments  as 
s c i e n t i f i c  p r i o r i t i e s  and ins t rument  c a p a b i l i t i e s  evolve. One o f  t h e  
f o c a l  p l a n e  ins t ruments  and t h e  s o l a r  a r rays  f o r  t h e  Telescope a re  be ing  
p r o v i d e d  by t h e  European Space Agency, An i n t e r n a t i o n a l  team w i l l  s t a f f  
t h e  Space Telescope S c i e ~ c e  I n s t i t u t e ,  which w i  11 be respol is i  b l e  f o r  
o p e r a t i o n s  and da ta  analysis. '  The Space Teleccope's a b i l i t y  t o  cover a 
wide range o f  wavelengths f rom t h e  i n f r a r e d  t o  t' u l t r a v i o l e t ,  t o  p rov ide  
f i n e  angular  r e s o l u t i o n ,  and t o  d e t e c t  f a i n t  sources w i l l  make i t  t h e  most 
p o w e r f u l  as t ronomi ta l  te lescope ever  b u i l t ,  It w i l l  be used i n  ext raga-  
1 ac t i c  astronomy and observa t iona l  cosmology f o r  tasks  such as i n v e s t i  ga- 
t i o n  o f  s t a r s  i n  o the r  ga lax ies  t o  determine t h e i r  r o t a t i o n ,  age, mass, 
and chemical composit ion. The e f f e c t  o f  chemi ca? composi t ion an s t e l  1 a r  
a c t i v i t y  can bes t  be s tud ied  i n  o the r  ga lax ies ,  and s t a r s  c l o s e r  t o  t h e  
cen te r  o f  a  ga laxy gene ra l l y  have r i c h e r  composit ions than  those f a r t h e r  
out.  



d . Roentgen Sate1 1 I t e  

The Roentgen Satel 1 i t e  i s  a coopcrat i  ve undertaking w i t h  the  Federal 
Republlc o f  Germany. Germany i s  responsible for developing the  spacecraft  
and telescope, amd the Uni ted States 3s responsib le f o r  launching the  
s a t e l l i t e  and prov id ing  one focal plane instrument , Observation t ime w i  11 
be d l v i d e d  equal ly  between t h e  United States and Germany. I n  add i t ion ,  
t h e  U n i t e d  Kingdom i s  p rov id ing  an instrument t o  observe f n the extreme 
u l  t r a v l o l e t  wavelengths and w i l l  share i n  the German observat ion t ime, 
The program's ob jec t i ve  i s  t o  o r b i t  an x-ray telescope s i m i l a r  t o  the  
second Hi gh Energy Astronomy Observatory t o  i n v e s t i g a t e  many phenomena 
d i  scovered by tha t  observatory, i nc'l ud lng the h igh  x-ray 1 uminosi t y  o f  
s ta rs  t h a t  otherwise appear t o  be identical t o  t h e  sun, 

e,  Farma Ray Observatory 

The Gamma Ray Observatory w i l l  observe the universe i n  the h lghest  
energy reaches o f  the  electromagnetic spectrum, I t  w i l l  l ook  a t  the 
nuclear processes occur r ing  near neutron s ta rs  and b lack holes and permi t  
i n v e s t i g a t i o n  of the farmat ion o f  elements I n  supernovae, the  o r i g i n  of 
gamma ray burs ts ,  and d e t a i l s  o f  the  gamma ray sources recen t l y  d l  scovered 
I n  our galaxy, Gamma rays produced by i n t e r a c t i o n  o f  cosn~ic rays w i t h  the  
i n t e r s t e l l  a r  medi urn prov ide  d i r e c t  in format ion about both the  i n t e r s t e l l  a r  
medium and the cosmic rays. Observation o f  gamma rays from ob jec ts  such 
as p u l  sates--which a1 so e m l t  r a d i o ,  v i s i b l e ,  and x - ray  r a d l a t i  on--! s 
essent i  a1 t o  understanding those objects.  Whi 1e the  events occur r lng  a t  
t h e  end o f  a s t a r ' s  l i f e  a re  bes t  observed a t  wavelengths shor te r  than 
v i s i b l e ,  such as gamma rays, the events occur r lng  du r ing  s t a r  formatfon 
a r e  b e s t  observed a t  wave lengths  l o n g e r  t h a n  v i s i b l e .  The l o n g e r  
wavelengths a lso  are bes t  ftsr observing the  r a d i a t i o n  from the  e a r l i e s t  
moments o f  t h e  B ig  Bang. Consequently, t h e  two programs described next 
are I n v e s t i g a t i n g  longer wavelength redions o f  the  spectrum, 

f . I n f r a r e d  A s t  ronornl c a l  Satel  11 te_ 

Launched January 25, 1983, the Jnfrared AstronomJcal Satel  1 i t e  has 
completed t h e  f i r s t  comprehensive a l l - s k y  survey i n  t h e  8- t o  120-micron 
region o f  the  spectrum, The Netherlands provided i t s  spacecraft ,  the  
United States provided i t s  telescope, and the  Uni ted Kingdom provided i t s  
ground operat ions f a c i l i t y ,  I t  has loca ted many i n f r a r e d  sources f o r  
f u t u r e  i n v e s t i g a t i o n  and has provided 1 nformation on the formation o f  
s t a r s  i n  our galaxy, t h e  presence o f  dust i n  galaxies, and t h e  number and 
c h a r a c t e r ' l s t i c s  o f  as te ro ids  i n  the so la r  system, It a1 ready has made 
several  no tab le  d iscover ies,  i nc lud ing  a debr is  s y s t ~  around the  s t a r  
Vega, arcs a f  dust above and below the  e c l i p t i c  p l a ~ ~ a ,  and c i r r u s - l i k e  
dust clouds i n  our galaxy. An i n t e r n a t i o n a l  team cont inues t o  analyze the  
da ta  i t  col lected,  It wt 11 be complemented by an extended-source survey 
t o  be c a r r i e d  out w i t h  a small telescope on Spacelab 2, 

Cosmic Background Explorer  

The Cosmj c Background Explorer w i  11 measure precJ sely t he  spec t ra l  and 
d i r e c t i o n a l  d i  s t r i  b u t i  on o f  cosmic microwave background r a d i a t i o n  be1 i eved 
t o  be  a remnant o f  t he  B i g  Bang. Measurements from bal loons and a i r c r a f t  



have int roduced uncertainties tihat I t  w l l l  be able t o  resolve, thereby 
p r o v i d i n g  d e f l n i  t i v e  fundamental observat'ions i n  cosmology, Any devia-  
t i o n s  From uniformity detected wfll be s i g n i f i c a n t ,  a l l o w i n g  a look back 
toward the i n s t a n t  o f  c rea t fon .  

h. Heavy Nuclei Col l e c t o r  

Recent developments make i t  possfb le t o  cons t ruc t  a passive cosmic ray  
telescope w i t h  a very 1 arge area t o  de tec t  charged p a r t i c l e s .  Acid etches 
t h e  p l a s t i c  CR-39 a t  a r a t e  propor t iona l  t o  the  square o f  t h e  charge o f  
particles t h a t  pass through it. Consequently, by exposlng CR-39 do space, 
recovering and etching f t, and analyzing t h e  etched t racks ,  s c i e n t i s t s  can 
de te rm ine  the  cornposdtion o f  t he  cosmic rays t h a t  have passed through it. 
Because t h e  plastic i s  l i g h t  i n  weight and no te lemet ry  i s  involved, i t  
can be placed i n  t r a y s  t h a t  w i l l  cover almost a l l  of  t he  Long Durat ion 
Exposure F a c i l i t y ,  p rov id lng  a t o t a l  area an order o f  magnitude l a r g e r  
t h a n  t h a t  o f  any other  p lanred i n v e s t i g a t i o n  o f  t h i s  s o r t ,  It there fore  
w l l l  be very valuable f o r  measuring the  abundances o f  ra re ,  heavy nuc le i  
l i k e  those o f  uranium no t  observed by t h e  cosmic r a y  telescopes on the  
t h i  r d  High 'nergy Astronomy Observatory, 

. Spacelab I n v e s t i  gat ions 

The Shuttle-Spacelab wlll car ry  telescopes I n t o  space t o  observe the  
sun, s tars,  h i  gh-energy seurces, and sources o f  i n f r a r e d  r a d i  a t i  on. For 
Space lab  i n v e s t i g a t i o n s ,  NASA i s  d e v e l o p i n g  i n s t r u m e n t s  o f  b o t h  t h e  
f a c i l i t y  c lass  and t h e  p r i n c i p a l  i n v e s t i g a t o r  class. 

(1) Solar Opt ica l  Telescope 

The on l y  f a c i l i t y  c lass  instrument i n  t h e  cur ren t  program i s  the  Solar 
Opt f ca l  Telescope, 2 one-meter Gregori an telescope t h a t  w i  11 provide 
u l t r a - h i g h  reso lu t i on  observat ions of the  sun i n  the  wavelength band from 
i n f r a r e d  t o  u l t r a v i o l e t .  I t  w i  11 have an asso r tmen t  o f  f o c a l  p l a n e  
instruments t h a t  w i l l  be re furb ished o r  replaced between f l l g h t s .  It w i l l  
study t ime-re1 ated phenomena associated w i t h  small s o l a r  fea tures  such as 
t h e  f i n e  s t ruc tures  o f  t h e  chromasphere, magnetic f l u x  rapes, spicules, 
and f l a r e  s i t e s - - e a c h  o f  w h i c h  i s  b e l i e v e d  t o  measure l e s s  t han  100 
ki 1 ometers i n  any dimension. 

(2 )  Pri nc i  pa1 Invest! gator  C l  ass Instruments 

Spacelab missions c u r r e n t l y  scheduled t o  ca r r y  p r i n c i p a l  i n v e s t i g a t o r  
c lass  inst ruments are described below. I n  a d d i t i o n  t o  U.S. instruments, 
Spacelabs 1 and 2 w i l l  c a r r y  European instruments t h a t  w i l l  i nves t1  gate 
the  sun and t h e  universe. 

( a )  Spacelab I 

The Far U l t r a v i o l e t  Telescope, developed j o i n t l y  w l  t h  the  F r ~ n c h ,  w i  11 
observe aging s ta rs  i n  our  galaxy, and t h e  Ac t ive  Cav i ty  Radiometer w i l l  
measure p r e c i s e l y  the v a r i a t i o n s  i n  the  t o t a l  l um inos i t y  o f  the  sun. 



( b )  Spacelab 2 

The So la r  U l t r a v i o l e t  Spec t ra l  I r r a d i  ance Morli t o r  w i  11 observe t h e  
h i g h l y  v a r i a b l e  u l t r a v i o l e t  ou tpu t  o f  t h e  sun, and the Sola r  Magnetic and 
V e l o c i t y  F i e l d  Measurement System w i l l  be a b l e  t o  make measurements 
und is tu rbed  by t h e  b l u r r i n g  t h a t  a f f e c t s  observa t ions  made through E a r t h ' s  
atmosphere. The Elemental Composi t l o n  and Energy Spectra o f  Cosmic Ray 
Nucl e l  ins t rument  w i  11 observe cosmi c rays  w i t h  energ ies  g rea te r  than 
those t h e  te lescopes on t h e  t h i r d  H igh  Energy Astronomy Observatory cou ld  
observe ,  Tlie compos+lt ion o f  those  h i ghe r  energy cosmic rays should be 
l e s s  contaminated by secondary p roduc ts  r e s u l t i n g  f rom t h e  rays'  passage 
through t h e  i n t e r s t e l  1 a r  medium, The Small He1 i urn-Cool ed I n f r a r e d  
T e l  esrape wi  11 complement the survey made by t h e  I n f r a r e d  Astronomical  
Sate1 1 i te ,  whose s e n s i t i v i t y  i s g r e a t e s t  t o  po i  n t  sources, by survey1 ng 
t h e  sky f o r  extended i n f r a r e d  sources hav ing l ow  su r f ace  b r igh tness .  

( c )  As t ro -1  

As t ro -1  w f l l  be a Space S h u t t l e  p a l l e t  w i t h  t h r e e  u l t r a v i o l e t  t e l e -  
scopes t h a t  w i l l  complement t h e  Space Telescope. Each o f  t h e  te lescopes 
w i  11 have unique capabi 1 i t i e s :  U l t r a v i o l e t  Imaging Telescope--wi de f i e l d  
o f  view; Hopklns Ul t r a v l o l  e t  Telescope--short wavelength u l t r a v i o l e t  ; and 
W i  sconsi n U l t r a v j o l  e t  Spectropol  a r imete r - -po la r1  t a t i o n .  A s t r o ' s  f i r s t  
f l i g h t  w i l l  be CI spec ia l  m i ss i on  t o  observe Comet Ha l l ey .  

3. P o t e n t i a l  New I n i t i a t i v e s ,  FY 1985-1 989 

a. Advanced X-Ray As t rophys ics  Fac i  1 i t y  

The Advanced X-Ray As t rophys ics  Fac i  1 i t y  I s  a p o t e n t i  a1 development 
s t a r t  f o r  1987. It rece i ved  t h e  h i g h e s t  endorsement f rom the  Astronomy 
Survey  Committee of t h e  Na t iona l  Academy o f  Sciences. With 4 t imes  t h e  
s p a t i a l  r e s o l u t i o n  and a t  l e a s t  100 t imes  t h e  s e n s i t i v i t y  o f  t h e  second 
High Energy Astronomy Observatory,  frm which i t  i s  evo l v i ng ,  i t  w i l l  
advance  x - r a y  as t r onomy  i n t o  t h e  m a t u r e  o b s e r v a t o r y  s t a g e  and be as 
s i  g n i  f i  c a n t  an advance i n  x-ray astronomy as t he  Space Telescope wi 11 be 
I n  optical astronomy. It w i l l  be launched and se rv i ced  by t h e  Space 
S h u t t l e .  The f oca l  p?ane o f  i t s  1.2-meter, graz ing- inc idence,  x - r ~ y  
te lescope  w i  11 accommodate ins t ruments  t o  col 1 e c t  da ta  w i t h  h i gh  s p a t i  a1 
r e s o l  u t i o n  and s p e c t r a l  da ta  on quasars, galax ies,  cl u s t e r s  o f  gal a x i  es , 
and t h e  i n t e r g a l a c t i c  medium. An impor tan t  o b j e c t i v e  i s  t o  image x-rays 
f rom i ron,  s ince  t h e  amount o f  i r o n  t h a t  gal  a x i  es produce and expel i n t o  
t h e  space between themselves t e l l s  much about t h e  e a r l y  h i s t o r y  o f  s t a r  
fo rmat ion  and d e s t r u c t i o n  i n  t h e  ga lax ies .  That o b j e c t i v e  w i  11 r equ i  r e  
t h a t  the m i r r o r s  on t h e  Advanced X-Ray As t rophys ics  F a c i l i t y  have t h e  
a b i  1 l t y  t o  r e f l e c t  x-rays w i t h  energ ies  t w i c e  as h i g h  as those t h a t  t h e  
second High Energy Astronomy Observatory r e f l e c t e d .  Technology f o r  t h e  
m i r r o r s  i s  be ing  developed i n  t h e  Physics and Astronomy Research and 
A n a l y s i  s a c t i v i t y .  Technology f o r  x-ray sensors was developed i n  p a r t  by 
t h e  Research and Ana l ys i s  program and i n  p a r t  by t h e  O f f i c e  o f  Aeronaut ics  
and Space Techno1 ogy . 



b. Other Planned I n i t i a t i v e s  

O t h e r  I n i t i a t i v e s  planned f o r  t he  FY 1985 th rough  FY 1989 p e r i o d  a re  
p r i n c i p a l l y  i n v e s t i g a t i o n s  i n t o  dynamlcal s t r uc tu res - - t he  s t r u c t u r e  o f  
space  and t t m e  and t h e  s t r u c t u r e  u f  t h e  sun, c o l l a p s e d  star,, and 
i n t e r s t e l  1 a r  space. 

(1) G r a v i t y  Probe-8 

The s t r u c t u r e  o f  space and t i m e  i s  i n v e s t i g a t e d  th rough  t h e  t h e o r y  o f  
general  r e1  a t i  v i t y  . G r a v i t y  Probe-B i s  an orb1 t i n g  , cryogen ic  gyroscope 
experiment t o  t e s t  a fundamental concept o f  genera l  r e l a t i v i t y  by 
measurfng the  precess ion o f  o r b i t i n g  gyroscopes as t hey  move through a  
g r a v i  t a t l o n a l  f i e l d  t w i s t e d  by Ea r t h ' s  r o t a t i o n  ( r e1  a t i v i s t i c  sp i n - sp in  
c o u p l i n g ) .  That t w i s t i n g  o f  space a c t s  as a  f o r c e  t h a t  i s  t o  s imple 
g r a v i t y  what magnetf sm i s  t o  e l e c t r i c i t y .  The e f f e c t  i s  very smal l  and 
t h e  expe r imen t  can be c a r r i e d  o u t  o n l y  i n  space. The requ i r ed  technology 
has been under development s i nce  1965. Systems a n a l y s i s  and technology 
development now under way w f l l  I n t e g r a t e  t h e  r e s u l t i n g  component 
techno log ies  t o  p rov ide  a  f unc t i on1  ng p ro to type .  

( 2 )  S h u t t l e  I n f r a r e d  Telescope Fac i  1 i ty  

Thi s  program w i  11 p rov i de  a meter  c lass ,  c ryogeni  c a l  l y  cooled, i n f r a -  
red t e l escope  designed t o  s tudy  t h e  ve ry  c o l d  r eg ions  o f  space, where 
cosmic dus t  and gas condense i n t a  s t a r s ;  coo l  o b j e c t s  i n  t h e  s o l a r  system 
- -p lanets ,  as te ro i ds ,  and comets; and in f ra red-emi  t t i n g  e x t r a g a l a c t l c  
o b j e c t s .  One m a j o r  a p p l i c a t i o n  w i l l  be t o  o b t a i n  d e t a i l e d  i n f r a r e d  
spec l ro~ne t ry  o f  t he  f a f n t  i n f r a r e d  sources t h a t  t h e  I n f r a r e d  Astronomical  
S a t e l l i t e  has d l  scovered bu t  cannot observe i n  d e t a i l  . Techrlology i s  
ready f o r  c ryogenic  te lescope  systems, b u t  t he i  r performance wt 1 l depend 
on t h e  performance o f  t h e i r  i n f r a r e d  sensors. The s e n s i t i v i t y  o f  sensors 
i n  t h e  c u r r e n t  generat ion i s  much h i ghe r  than  t h a t  o f  t h e  sensors on t h e  
I n f r a r e d  Astronomical  S a t e l l i t e  b u t  i s  s t i  1  I an o rde r  o f  magnitude above 
t h e  1  i m i  t a t l o n s  p laced by n a t u r a l  cosmic background. The S h u t t l e  I n f r a r e d  
T e l e s c o p e  F a c i l i t y  w i l l  b e n e f i t  f r o m  s e n s o r  t e c h n o l o g y  t h a t  w i l l  be 
devei oped i n t h i  s decade. 

(3 )  So la r  Seismology Miss ion 

The o b j e c t i v e  of t h e  So la r  Seismology Miss ion  I s  t o  observe t h e  b u l k  
m o t i o n s  o f  gas a t  the  su r f ace  o f  the sun. Observat ions l a s t i n g  severa l  
weeks have  shown t h a t  waves generated i n  t h e  sun 's  i n t e r i o r  by convec t ion  
and d i f f e r e n t i a l  r o t a t l o n  produce g l oba l  o s c i l l a t i o n s  t h a t  a re  v i s i b l e  a t  
t h e  s u n ' s  sur face.  The i n t e r n a l  s t r u c t u r e  and mot ions o f  t h e  sun can be 
determi ned by observ ing those  o s c i  11 a t 1  ons. However, t h e  observa t ions  
~ n l r s t  be  mats con t inuous ly  f o r  months; and t h a t  i s  imposs ib le  f rom Ear th ,  
even a t  t h e  South Pole, 

( 4 )  Extreme Ul  t r a v i  01 e t  Exp lo re r  - 
When s t a r s  even tua l l y  consume a l l  t he  nuc lea r  f u e l  a v a i l a b l e  t o  them, 

g r a v i t y  co l l apses  them and they  r a d i a t e  away t h e i r  heat.  Depending on 
t h e i r  mass, t h e i r  co l l apse  i s  stopped by t h e  i n c o m p r e s s i b i l i t y  o f  



e lec t rons  t o  form whl te dwarf s ta rs ,  o r  o f  neutrons t o  form neutron s ta rs ,  
o r  o f  no th ing  a t  a l l  t o  forni b lack holes, This program and the orle t h a t  
f o l l o w s  w i l l  be concerned i n  p a r t  w i t h  determining the  s t ruc tu re  o f  the  
th ree  k inds o f  co l lapsed s t a r s .  

T h l  s program w i l l  conduct an i n i t l a 1  survey o f  the  sky t o  de tec t  
o b j e c t s  e m i t t i n g  p r i m a r i l y  a t  wave lengths  f rom 10 t o  90 nanometers, 
thereby  openi ng one o f  t he  1 as t  remai n i  ng unexplored spectra l  reg1 ons. 
Most ex t reme-u l t rav io le t  ob jec ts  discovered t o  date have been s t a r s  a t  
advanced stages of evol u t i  on, i n c l u d i n g  wh i te  dwarf s ta rs ,  D i  scovery and 
s tudy  irf many such ob jec ts  are expected t o  prov ide new i n s i g h t  i n t o  the  
l a t e r  stages o f  s t e l l a r  evo lu t i on  and the  energet ics o f  the  i n t e r s t e l l a r  
medi urn. With a1 1 re levan t  technologies developed, t h i  s program i s  ready 
t o  begin, 

X-Ray Timing Expl o re r  

The X-Ray T iming E x p l o r e r  w i l l  conduct  i n t e n s i v e  s t u d i e s  o f  t h e  
chang-ing 1 urn1 nos i  t y  o f  x-ray sources over t ime rangi  ng from m i  11 i seconds 
t o  yea rs .  The t ime behavior i s  the  source o f  important  in fo rmat ion  about 
processes and s t r u r t u r e s  i n  whi te-dwarf s ta rs ,  x-ray b i  n a r i  es, neutron 
stars,  pulsars,  and black holes. For s tudying known sources and de tec t i ng  
t r a n s i e n t  events, observat ions are roqu l red  over an extended per iod w i t h  
instruments sensitive t o  x-ray energies from 2- t o  100-thousand e lec t ron  
vo l ts .  Technology 1 s nea r l y  ready, w i t h  develop~nents i n  de tec tor  techno- 
logy wnder way as p a r t  o f  t h e  mission d e f f n i t i o n  studies.  

( 6 )  F a r  Ul t r a v i  o l e t  Spectroscopy Explorer  

The Far U l t r a v i o l e t  Spectroscapy Explorer  w i l l  be a one-meter c lass  
telescope equl pped f o r  very h igh  resol  u t i o n  spectroscopy i n  t he  spectra l  
r e g f o n  f rom 90 t o  120 nanometers. I t s  objectives a r e  t o  expand t h e  
p re l im ina ry  s tudies i n i t i a t e d  by the  t h i r d  O r b i t i n g  Astronomical 
Observatory and t o  ac t  as a s c i e n t i f i c  complement t o  t h e  Space Telescope 
and t h e  planned x-ray m i  ssf ons. Information on many spec t ra l  features 
t h a t  l i e  i n  the  90- t o  120-nanometer band i s  essent ia l  t o  an understanding 
o f  the i n t a r s t e l l  a r  gas, extended s t e l  1  a r  atmospheres, supernova remnants, 
ga l  a c t 1  c  nuc le i  , and processes i n  t h e  upper atmospheres o f  p lanets . For 
example, t h e  i n t e r s t e l l a r  rnedluml s s t ruc tu re  depends on the  medium's 
t e m p e r a t u r e ,  v e l o c i t y ,  and l o c a t i o n  i n  space. The F a r  U l t r a v i o l e t  
Spectroscopy Explorer w i l l  be sensitive t o  a l l  phases o f  t h e  i n t e r s t e l l a r  
medium. A s  a l l  spec t romete rs ,  those  f o r  t h i s  program w i l l  r e l y  on 
gra t jngs  t o  disperse the  spectrum. Development o f  t h e  technology f o r  
m a k i  ng g r a t i  ngs and spectro~neters f o r  such s l ior t  wave1 engt hs w i  1 1 be 
undertaken dur ing mission d e f i n i t i o n .  A1 so, some m i r r o r  coat ing techno- 
logy must be developed. 

( 7 )  Solar  Corona D i  agnosti cs M i  ss i  on 

Technology i s  a v a i l a b l e  f o r  t h i s  mission, whose o b j e c t i v e  w i l l  be l o  
i n f e r  t he  o r i g i n s  o f  t h e  i n n e r  corona and t h e  s o l a r  w ind  by use o f  
recen t l y  developed d iagnost ic  techniques t h a t  a1 low obervat ions from Esr th  
o r b i t  t o  be used f o r  t h a t  purpose. 



(8)  Spacelab and Space S t a t i o n  

Inves t iga t ions  on Space1 ab w l l l  evolve i n t o  longer  ones on o r  near the  
s p a c e  s t a t i o n  t h a t  w i l l  depend on t h e  space s t a t i o n  f o r  s e r v i c f n g ,  
assembly ,  and manned i n t e r a c t i  on. C u r r e n t  p l a n s  i n c l  ude twn m a j o r  
f a c l l  i t i e s  and two p r i n c i p a l  i n v e s t i g a t o r  c lass  inst rumerts.  

( a )  Star lab 

T h i s  cooperat ive venture among the  United States, Austra l  l a ,  and 
ano the r  pa r tne r  would use a one-meter c lass  telescope t o  conduct, a t  h igh  
angu lar  r e s o l u t i o n  I n  the v i s i b l e  and u l t r a v i o l e t  bands, 1111dgi ng 
i nves t l ga t l ons  o f  sources too  l a r g e  t o  be observod e f f i c i e r i t l y  w i t h  t h e  
Space Tel  escope. Those sources  w i  11 i n c l  ude g l o b u l a r  c l u s t e r s ,  gas 
clouds, nearby galaxies, and 1 arge c l  us ters  o f  gal ax1 es . The techno'l ogy 
f o r  the requi  red  1 arge-format , h i  gh-resol u t i on ,  photon-countl ng detectors 
I s  being developed i n  t h e  Physics and Astronomy Research and Analysis 
program. 

( b )  Pinhole Occul ter  F a c i l i t y  

The Pi rho le  Occulter F a c i l l  t y  w i l l  be a system f o r  imaging hard x-rays 
t o  provide h i  gh-resol u t l  on s l u d i  es of x-ray b r i g h t  po in ts ,  act ive  reglons, 
s o l a r  f l a res ,  and t h e  s t r u c t u r e  and nature o f  the  sun's cororla. It w i l l  
c o n s i s t  o f  a l a r g e ,  S h u t t l e - b o r n e ,  o c c u l t f n g  d i s c  w i t h  thousands o f  
p i  nho les  and a detector  package loca ted 30 n~eters  o r  mcjre from the  d isc .  
Hard x-rays are produced by processes t h a t  a re  i n  thsrmodynarnlc d l  sequi l i  - 
b r i  urn, and t h e  em1 ssion regions a r e  expected t o  ca r r y  p a r t  o f  the signa- 
t u r e  o f  p a r t i c l e  acce lera t ion  I n  t h e i r  s t ruc tures ,  I n  i t s  occu l te r  mode, 
t h e  f ' a c f l i t y  w l l l  make i t  poss ib le  f o r  o p t i c a l  instruments t o  Isok near 
t h e  base o f  t h e  corona t a  ob ta in  d iagnost ic  in fo rmat ion  on heat ing  and 
coo l i ng  . Techno1 ogy f o r  depl oy i  ng and con t ro l  1  i n g  1 on!, wei ghlet' booms i n  
space must be developed. 

( c )  S h u t t l e  H I  gh-Energy Laboratory 

The Shu t t l e  High-Energy Laboratory w i l l  cons is t  o f  a p a l l e t  ca r r y ing  
t h r e e  x-ray telescopes t h a t  w i l l  use spec ia l i zed  techniques f o r  
f  nves t i  gat ions i rr h l  gh-energy astrophysics.  The technology f o r  those 
i nves t i ga t i ons  i s  being developed as p a r t  o f  t h e  p re l im ina ry  design o f  the 
system. 

Cosmic Ray Experiments 

The Cosmi c Ray Experiments program w l l  1 use massi ve i nstrurnents, 
perhaps i n i t i a l l y  tes ted  and used on Spacelab f l i g h t s ,  t o  make cosmlc ray 
measuremrnts t h a t  requ i re  observation times longer than t i lose Spacelab 
w i  11 prov ide .  The measurements can be made as a ser ies  o f  experiments on 
t h e  space s ta t i on .  Emphasis r r l l l  be on measuring p a r t i c l e s  o f  very h igh  
energy and low f l u x ;  i n v e s t i g a t i n g  the charge composition, energy spectra, 
cirri val d i r e c t i o n ,  and i s o t o p i c  composit ion o f  cosmic ray nuc le i  ; and 
s e a r c h i n g  f o r  e x o t i c  p a r t i c l e s  such as super-heavy n u c l e i ,  magnet ic  
monopoles, and a n t i  nuc le i  . The techno1 ogy requi  red i s  being developed i n  
t h e  Astrophysics Research and Technoiogy program. 



4.  Possible I n i t i a t i v e s ,  FY 1990-1994 

Two observator ies are  p o t e n t i a l  development s t a r t s  i n  the FY 1990 through 
FY 1994 per tod:  the  Advanced Solar Observatory f o r  s o l a r  physlcs and the 
Large Deployable Re f lec to r  f o r  submll I imeder and f a r  i n f r a r e d  nstrorromy. The 
t h r u s t  I n  astronomy f o l l o w i n g  the  Space Telescope and the Advanced %-Ray 
Astrophysics F a c i l i t y  w i l l  be t o  develop arrays o f  telescopes fo r  e i t h e r  very 
high angular reso lu t l on  o r  h igh  sensitivity. Also planned i s  a nrisslon i n t o  
the upper atmosphere o f  the  sun. 

a, Advanced Solar Observatory 

The Advanced Solar Observatory w l l l  begin operat lon when the  Solar  
O p t l c a l  Telescope and the Pmlnhole Occulter F a c i l i t y  are put  together  on a 
long-durat lon o r b l t l n g  platform. It w i l  I use h igh-resol  u t l o n  instruments 
t o  s tudy  the  temporal evo lu t i on  o f  so la r  features and t o  observe cvents 
t h a t  a r e  especially r e v e a l i n g .  I t s  coordinated o b s e r v a t j o n s  o f  a l l  
aspects o f  the  sur face o f  the  sun w l l l  advance so la r  physlcs f rom an 
observat ional scl ence t o  one capable o f  p r e d l c t i  on. It eventua l ly  w l l l  
i nc1 ude : 

o A I i igh-resol u t i o n  telc3cope c l u s t e r  con ta in ing  the  Solar  Opt ica l  
Telescope, a so f t  x-ray telescope f a c i l i t y ,  and an extreme 
u l  t r a v l o l  e l  tel escape fac t  1 i t y  

o Instruments behind the  Plnhole Occulter F a c i l i t y  t o  observe, w i t h  
very h igh  s p a t i a l  reso lu t i on ,  t he  corona c lose  t o  the  sun's  surface 
and energet i  c phenomena 1 J ke f l a r e s  

o A h l  gh-resol u t i  on g a n a  ray  spectrometer 

o A low-frequency rad io  facS li t y .  

The techno log ies  for  many o f  those instruments are ready, and others w i l l  
be developed i n  the  Astrophysics Research and Technology program. 

Large Deployable Re f lec to r  

The processes o f  b i r t h  o f  c e l e s t i a l  bodles a re  l a r g e l y  unexplored by 
astronomers. They occur i n  co ld  clouds o f  dust so t h i c k  t h a t  the  l i g h t  
f rom the  bodfes as they are formjng cannot escape, The l i g h t  there fore  
h e a t s  t h e  dus t ,  c r e a t l n g  i n f r a r e d  r a d i a t i o n  t h a t  can escape, Tha t  
r a d i a t i o n  i s  low in temperature and long i n  wavelength, c o n s t i t u t i n g  a 
weak s j g n a l  t h a t  on ly  a very s e n s i t i v e  telescope w i l l  be ab le  t o  detect .  
Technology should be s u f f i c i e n t l y  advanced by the l a t e  1980s t o  permit  
development o f  a tolescope as  l a r g e  as  20 meters i n  diameter f o r  i n - o r b i t  
spectroscopic and lmagf ng observat ions a t  f a r  i n f r a r e d  and submi 11 imeter  
wavelengths t h a t  cannot be observed f rom Earth. That te lescope should be 
able t o  c o l l e c t  t he  weak s igna ls  and achieve s u f f i c t e n t  angular reso lu-  
t4 ons t o  i nves t i ga te  the formation, t ranspor t ,  and des t ruc t i on  o f  
~ n o l e c u l  es i n  the  atmospheres o f  the outer  p lanets,  f n  regions where s ta rs  
are forming o r  are shedding t h e i r  ou ter  layers,  and i n  reglons where there  
a r e  c o l d  clouds o f  gas and dust but ,  as yet ,  no s ta rs .  Before the  Large 
Deployable Ref1 ec to r  can be developed, major techno1 o g i  sa l  advances must 



be made i n  m i r r o r  technology, s t ruc tures ,  submf l l imeter  and i n f r a r c d  
sensors, and l n i r r o r  cont ro ls ,  To prov ide those advances, the O f f i c e  o f  
Spacc Science and App l ica t ions  srld t h e  Of f f  cc o f  Aeronaut1 cs and Space 
Techno logy  have f n  p rocess  a sys tem- leve l  s t u d y  t h a t  shou ld  l e a d  t o  
i n i  t i a t i o n  of a technology d~velopment  program I n  FY 1986. 

c, High Throughput Mlssion 

the High Throughput Misslon w i l l  have capabilities t h a t  complement 
those o f  t h e  Advanced X-Ray A s t r o p h y s i c s  F a c i l i t y ,  It w i l l  make a 
deep-space survey t o  deternilne whether act1 vc galaxies, quasars, o r  the  
m i  11 ion-degree gas f i  11 1 ng i n t a r g a l  a c t i c  space i s  t he  or1 g i n  o f  x-rays 
t h a t  appear t o  coma uniformly from a1 1 d i r e c t i o n s  i n  space. It w i l l  be an 
x-ray t e l e s c o p e  cons i  s t  i ng o f  many sma l l  modul es--each w i  t h  I t s  own 
m i r ro rs  and detector--assembled t o  forin a c o l l e c t o r  w i t h  a very large 
area.  I t  w l l l  have h igh  s e n s l ' t i v i t y ,  but i t s  angular reso lu t l on  w l l l  be 
o n l y  about one arc minute. Thus, f t  w i l l  be ab le  t o  perform studles t h a t  
do not  requ i re  prec ise  angular r e s o l u t i o n  but do requf re  great  s e n s t t i v l  t y  
because the  x-ray sources e i t h e r  arc i n t r i n s i c a l l y  f a i n t  or  vary r d p i d l y  
i n  i n t e n s t t y .  Telescope technology w f l l  be developed as p a r t  o f  Spacelab 
a c t l v l t i e s ,  and m i r r o r  concepts are being i nves t i ga ted  as p a r t  o f  the 
Astrophyslcs Research and Technology program, 

d, Very Long Basel ine RadIo In te r fe romet ry  

Very l a r g e  arrays o f  telescopes can prov jde h igh  angular r e s o l u t i o n  if 
t h e  r a d i  a t i o n  t h e y  r e c e i v e  cart be added c o h e r e n t l y ,  p r e s e r v i l ~ g  t h e  
r e l a t ~ v e  phases o f  the electromagnetic waves c o n s t i t u t i n g  t h e  radiation. 
That coherent combini ng o f  s ignal  s *Is t he  bas1 s o f  In ter ferometry 
cu r re f i t l y  i n  use i n  ground-based r a d i o  astronomy networks, Because of t he  
s ize  o f  those a r r a s ,  the  technique I s  c a l l e d  very long baselfne 
i n t e r f e r o m e t r y  ( v L B I ~ .  The r e s o l u t i o n  o f  a VLBl network can be gveat ly  
i ncreascd  by  add ing  one o r  more spacecbased r a d i  o t e l e s c o p e s  t o  t h e  
network, The a d d l t l o n  o f  a s tng le  o r b i t i n g  antenna 10 t o  30 meters i n  
d laneter  t o  an e x i s t i n g  gsound-baged network can prov ide unprecedented 
an9ul ar reso lu t i ons  of 10' t o  10" a r c  seconds, The r e s u l t i n g  c e l e s t i a l  
maps w i l l  exp la in  much about the  physics o f  uasars, g a l a c t i c  cores, 9 f n t e r s t e l l a r  masers, and dynamics o f  s t a r  format on. Technology f o r  the 
space-based antenna i s  belng developed by the O f f i c e  o f  Aeronautics and 
Space Technol ogy, and development o f  VLBl technology i s  belng supported 
j o i n t l y  by t h a t  o f f i c e  and the  Asdrophyslcs program. 

e,  Starprobe 

T h i s  mission w i l l  f l y  t o  w i t h i n  fou r  r a d l i  o f  t h e  sun's surface t o  
observe the  sun's surface, gravJ t a t 1  onal f igure ,  and upper atmosphere. 
The Astrophysics program and the  O f f i ce  o f  Aeronautics and Space 
Technol ogy have developed rad io  rangi  ng , thermal p ro tec t ion ,  and drag-free 
navigat ion technology f o r  t h i s  mfssion over the  l a s t  four years. 

5. Summary o'F Technology Needs 

With rega rd  t o  major observator ies, technology w i l l  be ready I n  the  next 
year  f o r  the Advanced X-Ray Astrophysics F a c i l l t y  and i s  ready now f o r  the 



Advalrced Solar Observatory. However, the  Large Depl oysbl s Ref1 ec to r  needs 
devalc~pment o f  rnore technol ogy f o r  s t ruc tures ,  submi 11 imats r  8nd i n f r a r e d  
sensors, m i r ro rs ,  and m i r r o r  cont ro ls ,  A systems study I s  l n  process t o  
define a program t o  develop t h a t  tcchn010gy~ Technology For Specelab, space 
s t a t i o i ~ ,  and most Explorer missions i s  suf f i c i c n t l y  developcsd t h a t  the  l a s t  
steps can be made ready dur ing  m l  s s i o n  d e f l n i  t i o n  phases. That i s  t r u e  f o r  
t h e  X-Ray Timlng Explorer,  Solar Corona Dlagnost l  cs M i  sslon, Shu t t l e  
High-Ent!rgy Laboratory, and Star lab;  bu t  the Far Uf t r a u i o l e t  Spectroscopy 
Expl o rar  and t h e  P ln t~o le  Occul ter  F a c l l  1 t y  need technol ogi  ca1 developrnents i n  
f a r - u l  t r a v i o l  e t  spcctromcters and 1 ong, wei ghted booms, respect1 vely, For the  
o the r  a s t  rophysi cs programs, the  s ta tus  O F  technol ogy I s  as f o l l  ows: Gravl t y  
Probe-B-mfurther dcvelopment i s  being c a r r l e d  out  by the  Astrophysics program; 
V e r ~  Long Rase1 I ne Intorfero\netry--further development S 2 be1 ng c a r r i e d  ou t  by 
the Astrophysi cs program and t h e  OFfi ce o f  Aeronautics and Space Techno1 ogy; 
So lar  Sei smoloyy M i  sslonm-the technol ogy i s  ready; Shu t t l e  I n f r a r e d  Telescope 
Facl  l i ty-*the Astrophysics program and the  O f f i ce  o f  Aeronautics and Space 
Technology are  d e v e l o p i n g  t e c h n o l  ogy f o r  1 n f r a r e d  sensors.  Tab le  I 11-1 
sumar l zes  tec l~nq logy  needs. An X I n  a c e l l  o f  t h a t  t a b l e  Ind i ca tes  t h a t  the 
program shown on t h a t  l l n e  needs technology o f  t i le  category shown i n  t h a t  
C O ~  unln r 

C, Exp lo ra t i on  o f  the  Near Universe 

To o u r  ancestors, the s o l a r  system consis ted o f  a few worlds wandering 
througii a 1 5 m i t e d  regian o f  empty space. To us f t has become a huge sphere 
conta in ing  uncountable b j t s  o f  s o l i d  matter,  magnetlc f i e l d s ,  and streams o f  
e l e c t  r l  cal l y  charged a t tm ic  p a r t i c l e s  frair~ the sun, The space program's 
exp lo ra t i on  o f  t h a t  c o l l e c t i o n  o f  mat ter  and energy i s  one o f  the  most impor- 
t a n t  s c i e n t f f l c  a c t i v i t l e s  o f  t h l s  era. The ob jec t i ve  o f  t h a t  exp lora t ion  i s  
t o  determine the o r i g i n ,  evo lu t ion ,  and present  s t a t e  o f  the  so la r  system and 
to cornpare Earth w i t h  the o ther  planets. 

U n i t e d  S t a t e s  leader . ' : ip  i n  t h e  e x p l o r a t i o n  o f  t h e  s o l a r  system has 
brought new knowledge, prest tge,  and sense o f  achievement t o  the  Natlon, U.S. 
spacecrir f t  werqe t he  f i r a t ;  t o  v i s i t  Mercury, Venus, and Mars; and t h e  h i g h l y  
sophl s t i c a t e d  V i  k i  ng spacecraft  landed on Mars, Only U .S. spacecraft  have 
crossed t h e  a s t e r o i d  b e l t  i n t o  the  outer  s o l a r  system, four  havlng encountered 
JupI  ter.  and th ree  tiaving encountered Saturn. H i  s t o r i c  d l  scoveri  es came from 
each o f  those seven encounters. One o f  t he  spacecraft ,  Voyager 2, i s  on 
course t o  an encounter w i t h  Uranus i n  1986 and Neptune i n  1989. Another, 
Pioneer 10, passed the  orb1 t o f  Neptune i n  1983 on a t r a j e c t o r y  t o  i n t e r s t e l  - 
l e r  space, More than two dozen p lanets and s a t e l l i t e s  have been explored a t  
c l o s e  range, and %he i n te rp lane ta ry  medi urn has been p a r t  l a1 l y  character ized.  

The expl o r a t i  on progresses f n systematic stages, 1 a t e r  stages b u i  l d l  ng on 
the  r e s u l t s  o f  e a r l i e r  ones and a l l  stages proceeding from a broad overview t o  
I ncreasf ng l y  deta l ' led i nvest i  gat lons and problem-or1 ented studies i n  the 
f o l  1 owl ng sequence : 

o Reconnaissance--Ini t ia l  encounter w i t h  and observat ion o f  a body, 
usually by o ,flyby spacecraf t  

o Expl  orat ion--Character? za t i on  of  the  body by o r h i  t i n g  spacecraft  i n  
combinatf on w l  t h  e n t r y  probes and landers 



TABLE I I I-1, TECHNOLOGY WEDS FOR ASTROPHYSICS PROGRAMS 

Major  M l s s i o t ~ s  

Advanced X-Ray Astropliysi cs Fact 1 i ty X X X 
Large Deployable Ref1 ector X X X X X X 
Advanced So la r  Observdtory X X 
Starprobe X X X 

Moderate Miss lons 

Shuttle I n f ra red  Telescope Fiicl li t y  X X 
Sol ar Sel smol ogy MI s s i  on X 
\!cry Long Dasel i ne Radio I n t e r f e r o m e t r y  X 
G r a v i t y  Probe-B 
H I  gh Throughput M i  ss lon  X X X 

Exp lo re r s  

X-Ray Tim1 ng Explorer  X 
F a r  U l  t r a v i o l  e t  Spectroscopy Expl orer X 
Solar Corona D l  agnosti cs M l  s s i  on X 

Spacelab and Space S t a t i o n  

Shut t l e  High-Energy Laboratory  
S t a r 1  ab 
Cosmic Ray Experiments 
Pinhole Occu l t e r  Facll i ty 



o  I n t c n s i  ve Study-- Invest1 ga t i on  of speci  f f c  ?*.  i e n t i  f i  c  quast ions 
stemning from t h e  preceding stage, 

F igure 111-1 sunmsrrizes t h e  s t a t u s  o f  s o l a r  system e x p l o r a t i o n  by t he  
l l n i t e d  States, The colu~nns r ~ p r e s e n t  "Ie t h r e e  stages I n  t he  e x p l o r a t i o n  
sequence, w h l l e  t he  rows represent  bodsles i n  the  s o l a r  aystem, Pas t  and 
present  f l l g h t  p r o j e c t s  occupy c e l l s  o f  t h a t  m a t r i x  according t o  t h e  stages 
and badies w i t h  which they  a re  associated, Thc f i g u r e  I n d i c a t e s  t h e  emphasis 
o f  e x p l o r a t i o n  w i t h i n  each group o f  boCles and the  degree o f  o v e r a l l  balance 
i n  achievements t o  date. 

The Nat iona l  ResearVch Counci 1  ' s  Space Science Board has rccomncnded a  
b a l  anced approach t o  exp l  o r a t i  on--speci f f  c a l l  y that  exp l  o r a t f  on "should move 
forward on a  broad f r o n t  t o  a l l  the  access ib le  p l ane ta ry  bod lcs  beginning w i t h  
reconbiai ssanca, f  n t o  exp lo ra t i on  o f  se lec ted  p l ane t s  , and 1  a s t l y  t o  i ntens l  ve 
study of a l i m i t e d  number o f  cases." The board po in ted  ou t  t h a t  "as the  
reconnal ssance phase i s  near1 ng complet ion . . . fo r  t he  nex t  decade t he re  should 
be a s h i f t  i n  e~nphasls toward systemat ic  e x p l o r a t i o n  w l t h  emphasis on se lec ted  
p l ane t s  bu t  w i t h  some con t i nu ing  l e v e l  o f  reconnaissance t o  p a r t s  o f  t h e  s o l a r  
systcm where ignorance i s  grea tes t  and t he  oppartun:ty f o r  new d iscovery  i s  
1  arge. 

Since 1974 t h e  Space Science Board's Cammittee on P lane ta ry  and Lunar 
Exploration has been e v o l v i n g  ob jec t  and m iss ion  p r i o r i  t i a s  f o r  tho explorad 
t i o n  pmgram and has found i t  convenient Lo assign t h e  bodies i n  t h e  s o l a r  
system t o  t h r e e  groups: t h e  i nne r  p l zne t s ;  the  small ( p r i m i t i v e )  bodies--  
aster01 ds, comets, and meteor i tes ;  and t h e  o u t e r  p l ane t s  and t h e i  r s a t e l  11 tes .  
The Comnittee recommended t h a t  t h e  focus f o r  t h e  i n n e r  p l ane t s  be Venus, 
Ear th ,  and Mars. Simultaneous and d e t a i l e d  comparat ive s tud ies  i n  the  form o f  
g loba l  character7 za t i on  o f  and sample r e t u r n s  from those  p lane t s  , combined 
w l t h  i d e n t i f i c a t i o n  o f  reasons f o r  t h e i r  d i f f e r e n c e s  and s i n ~ i l a r i t i e s ,  w i l l  
p rov ide  a b a s i s  f o r  fo l low-on s c i e n t i f i c  i n v e s t i g a t i o n s .  The Committee judged 
t h a t  the moon and Mercury, a1 though a1 so tmpor tant  t a r g e t s  f o r  I n v e s t i g a t i o n ,  
are o f  lower  p r i o r i t )  and, t he re fo re ,  should be i n  the next  l ~ t e r  phase o f  
1 nner p l ane t  exnl  o r a t i  on. 

The n ~ o t l v a t i o n  f o r  i n v e s t i g a t i n g  t he  smal l  bodies i s  t h e i  r p r i m i t i v e  
character .  Since d e t a i l e d  study o f  them w i l l  r e q u i r e  extended v iew lny  a t  
c l  o s e  range,  rendezvous  m i  s s i  ons have h i  g h e s t  p r i o r i t y  , However, i t  i s  
expected t h a t  f l y b y  miss ions  1;hrough t he  comas of comets t o  study plasmas and 
gaseous and dusty e j e c t a  w i l l  p l ay  an fmpor tant  complementsry r o l e ,  as w i l l  a 
combinat ion o f  f l yby  and rendezvous encounters w i t h  t h e  main be1 t a s t k r a i d s  by 
s imple spacecraf t .  Because samples from bo th  comets and as te ro ids  e v e n t u a l l y  
w i l l  be r e q u i r e d  f o r  answering s c i e n t i f i c  questions about those k inds  of 
bodies,  sample r e t u r n  ~ u i s s i o n s  also are an i n t e g r a l  p a r t  o f  t b e  exp l c?a t i an  
s t r a tegy .  

The o u t e r  p l ane t s  d l  f f e r  s i  gn l  f i  c a n t l y  from the  i n n e r  p1 anets, and study 
o f  them i s  fundamenta l  t o  adequate  u n d e r s t a n d f n g  o f  t h e  f o r m a t i o n  and 
e v o l u t i o n  o f  t h e  s o l a r  system. The two Voyager spacecra f t  have compledt;ed 
reconnaissance o f  the  Jov ian and I ~ t u r n i a n  systems, and Voyager 2 i s  en rou te  
t o  f l ybys  o f  Uranus and Neptune. Those flybys w i l l  complete t h e  i n i t i a l  study 
o f  those systems, J u p i t e r  and Saturn have highest p r i o r i t y  f o r  fo l low-on  
exp lo ra t i on .  Ga l i l eo ,  which w i l l  cons i s t  o f  a probe and an o r b i t e r ,  w i l l  
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exp lo re  t h e  Jov ian  systerrt i n  t h e  l a t e  1980s. Fu r t he r  e x p l o r a t i o n  o f  Saturn,  
i t s  s a t e l l i t e s  and r lngs ,  and t h e  systeln's magnetosphere w i l l  r equ l  r e  
addl  t i o n a l  o r b l t e r s  and probes. The remai n i  ng systems--those o f  Uranus, 
Neptdne, and Pluto--a1 so a re  o f  i n t e r e s t  b u t  a re  d i f f i c u l t  e x p l o r a t i o n  t a r g e t s  
because o f  the l o n g  t r a n s i t  t imes  t o  them, 

A l t h o u g h  t h e  U n i t e d  S t a t e s  has d o m i r a t e d  t h e  f l e l d  o f  q o l a r  sys tem 
exp lo ra t i on ,  Europe and Japan r e c e n t l y  have j o i n e d  t h i s  e n d e t ~ o r  w i t h  t he  
G l o t t o  and P l  anet-A m i  ssions, r e s p e c t i  v s l y ,  I n  a d d i t i o n ,  f o r e l  gvl s c i c n t i  s t s  
have been i n c l u d e d  on the  sc ience  teams f o r  predomlnent ly  U.S. m l  ss ions such 
as  Pioneer Venus, V ik ing,  and Voyager. 

1. Current  Program 

$ o l a r  system e x p l o r a t f  on program i s  managed i n  t h r e e  p a r t s :  p l ane ta r y  
research and ana l ys i  s, development f l i g h t  p r o j e c t s ,  and mi s s i  on opera t ions  and 
da ta  ana lys is ,  The f i r s L  and t h i r d  o f  those t h r e e  p a r t s  ensure c o n t i n u t t y  i n  
t h e  program's p u r s u i t  o f  i t s  goa ls ,  w h l l e  development f l i g h t  p r o j e c t s  a re  
undertaken t o  o b t a l  n  spec1 f i  c p i eces  o f  i n f o rma t i on  needed f o r  unders tanding 
b e t t e ~  the o r i g i n  and e v o l u t i o n  o f  t h e  s o l a r  system. The f i r s t  and t h l  r d  
p a r t s  g e n e r a l l y  have lower v i s i b l l l t y ,  bu t  they a re  j u s t  as c r u c l a l  t o  t h e  
c o n t i n u i n g  progress o f  the program, Research and a n a l y s i s  activities generate 
ideas  f o r  exp l  o r a t l  on m i  s s i  01-15 ( th rough  advanced p l  anni  nq s t u d i e s ) ,  a n a l y s i s  
o f  c o l l e c t e d  data, and b a s l c  research  i n  t h e  p l a n e t a r y  sciences, Miss ion 
opera t ions  and da ta  ana l ys i s  a c t i  v i t i e s  p r o v i d e  f o r  m i ss i on  ~pe r ' a t i ons  and 
c o n t r o l  d u r i n g  f l i g h t ,  r e t u r n  t o  Ea r t h  of c o l l e c t e d  data,  and process ing and 
d i  s t r i  b u t i o n  o f  da ta  t o  i n v e s t i g a t o r s  f o r  4 n c o r p o r a t i  on i n t o  the! r research. 

PI  ane ta r y  mi s s i  ons c u r r e n t l y  under way i n c l  ude t h e  Voyager 2 extended 
miss ion  t o  Uranus and Neptune and t h e  con t i nued  ope ra t i on  o f  Pioneer Venus, 
Pioneers 6 th rough  11, Voyager 1, and t h e  I n t e r n a q t i o n a l  Cometary Exp lo re r  ( t h e  
r e ta rge ted  t h i r d  I n t e r n a t i o n a l  Sun-Earth E x p l o r e r )  spacecra f t ,  whf ch  i s  on i t s  
way t o  an encourrter w i t h  Comet G i  acobi n i  -2 inner .  Approved f l  i g h t  p r o j e c t s  i n  
t h e  pre-1 aunch devel opment s tage  i n c l  ude r e f 1  i gh t  o f  t h e  As t ro -1  Space1 ab 
p a l  1  e t  t o  a b s e r v e  Cornet H a l  1  ey , Gal i l e o ,  t h e  I n t e r n a t i  o n a l  Sol a r  Pol  a r  
Miss ion,  and the Venus Radar Nappeil. 

a.  Pioneers 

The Pioneer Venus O r b i t e r  and Pioneers  10 and 11 a r e  on extended 
1n1 ssions. Ttre Pioneer Venus O r b l t e r  has completed a l ow- reso l  u t i o n  (100 
k i l ome te r s  h o r i  zonta l  l y  and 100 meters v e r t i c a l  l y )  map o f  Venus' su r face  
e x c e p t  f o r  t h e  p o l a r  reg ions .  It con t inues  t o  measure Venus1 u l t r a v i o l e t  
c l o u d  p a t t e r n s ,  from wk,ich c l i m a t e  changes can be i n f e r r e d  over a s o l a r  
c y c l e ,  and t o  acqu i re  crata on t h e  i n t e r a c t i o n  o f  Venus' ionosphere w i t h  
t h e  s o l a r  w i n d  and m a g n e t i ~  f i e l d .  When t h e  p e r i a p s e  of  i t s  o r b i t  
p recesses  f a v l h e r  I n t o  Vpnusl southern he~nisphere,  i t  may be ab le  t o  make 
a l t i m e t r y  measurements o f  t h a t  p l a n e t l s  south pole.  P ioneers  10 and 11 
a r e  cn  escape t r a j e c t o r i e s ,  p rob ing  t h e  o u t e r  l i m i t s  o f  t h e  s o l a r  system. 
P i o n e e r  10, hav ing passed t h e  o r b i t s  o f  P l u t o  and Neptune, now i s  seeking 
t h e  i n t e r s t e l l a r  boundary. I t s  d i s t ance  from the  sun i s  g r e a t e r  than t h a t  
o f  any o f  t h e  known p lane ts .  Proceeding I n  t h e  oppos i te  escape d i r e c t i o n ,  
P i onee r  11 i s  beyond t h e  o r b i t  of Uranus and moving toward t h e  expected 
p o s i t i o n  o f  t h e  s o l a r  w ind ' s  apex. Measurements of t h e  t r a j e c t o r i e s  o f  



Ploneers 10 and 11 are being analyzed f o r  per turbat ions  t o  determine 
whether the i r r e g u l a r  mottons o f  t h e  outermost planets, Neptune and Pluto, 
can be accol~nted f o r  by the existence o f  another body a t  the boundary o f  
t h e  s o l a r  system. 

The encounters o f  Voyagers 1 and 2 w i t h  Jup i te r  and Saturn provided a 
wea l th  o f  data about those planets, t h e i r  s a t e l l i t e s ,  and t h e  he l lospher ic  
env i  ronment I n  the regions they occupy. Since i t s  encounter wi th  Jup l te r  
i n  March 1979 and Sa tu rn  I n  November 1980, Voyager 1 has f o l l o w e d  a 
t r a j e c t o r y  t h a t  e v e n t u a l l y  w i l l  a l l o w  i t  t o  escape f r o m  t h e  s u n ' s  
i n f l u e n c e .  Voyager 2 ,  a f t e r  encountering Jup i te r  i n  July 1979 and Saturn 
i n  August 1981, has been on a t r a j e c t o r y  t o  encounter Uranus i n January 
1986. I t  then w i l l  cont inue on t o  an encounter w i th  Neptuns i n  1989 and, 
l i k e  Voyager 1, escape the  so la r  system. 

G i  acobi n i  -21 nner Encounter 

I n  t h e  f a l l  o f  1983, t h e  t h l r d  I n t e r n a t i o n a l  Sun-Earth E x p l o r e r  
s p a c e c r a f t  was d i v e r t e d  f rom i t s  " h a l o "  o r v b i t  around t h e  sun-Earth 
c o l  i n e a r  l i b r a t t o n  po in t  t o  begin a long journey t o  a Septerber 1985 
encounter  w i t h  the  short -per iod comet G-iacobini *1Zi nner. That encounter 
w i l l  be the  f i r s t  ever  o f  a spacecraft  w i t h  a comet. The spacecra f t ' s  aim 
p o i n t  i s  behind t h e  comet's nucleus and w i t h i n  t he  comet's t a i l ,  which i s  
expected t o  be several thousand k i lometers  wide. As t he  spacecraft  passes 
through the  t a i l ,  instruments aboard St w i l l  r e tu rn  i n f o r m a t i o t ~  on plasma 
densities, f low speeds, and the temperatures and the character  a f  heavy 
i o n s  i n  the  plasma. For several months fo l l ow ing  t h a t  encounter, the  
s p a c e c r a f t  w i l l  p r o v i d e  i m p o r t a n t  d a t a  on t h e  s o l a r  d i n d  f o r  use I n  
stud! es o f  Cornet Hal ley .  I t  i s  expected t o  be between Hal 1 ey end the sun, 
on t h e  same s o l a r  radiu;, on October 31, 1985, and t he re fo re  t o  provlde a 
charac te r i za t i on  o f  t i le so la r  wind before i t  s t r i k e s  t h e  cornet's coma, 
T h i s  r e t a r g e t i n g  o f  a spacecraft  i s  an example o f  innovative, low cost: 
approaches t o  rnainta in i  ng an a c t i v e  program o f  so1 a r  system explorat ion.  

Comet Hal l e y  A c t i v i t i e s  

A f t e r  a 76-year absence, Comet Halley again w i l l  v i s i t  sun-Earth 
space, from November 1985 t o  Apri  1 1986. The European Space Agency, t he  
Sov ie t  Union, and Japan are prepar ing sp tcecra f t  missions t o  In te rcep t  
t h e  comet i n  March 1986, The U n i t e d  S t a t e s  w i l l  p a r t i c i p a t e  i n  t h e  
European Space Agency and Soviet Union missions, and alsa i s  conducting 
t h e  program o f  Earth-based observations, the  In te rna t iona l  Hal ley Watch, 
d e s c r i  bed i n  t h e  next paragraph. For the European Space Agency mission, 
32 U.S. sc ien t i s t ,  are p a r t f c i p a t i n g  f n  t h e  d e f i n i t i o n  o f  9 o f  the  10 
experiments on t h e  spacecra f t  and serv ing as p r i n c i p a l  o r  co- invest i  ga- 
t o r s .  I n  add i t i on ,  a c r S t i c a l  component f o r  one o f  .the Instruments, t h e  
Ton Mass Spectrometer, i s  being designed and fab r i ca ted  i n  t h e  United 
S ta tes .  The S o v l e t  Union mission I s  dependent on the United S t a t e s '  
t r a c k i n g  the  comet and determining i t s  o r b i t  t o  provide in format ion  f o r  
t a r g e t i n g  the  spacecraft. 



The 1nternat; lonal t(al1ey Watch o r i g i n a t e d  d u r i n g  t h e  p e r i o d  o f  
I n c r e a s e d  s c i e n t i f i c  i n t e r e s t  generated by t h e  cornet's rcacqu i  s l  t i o n  f n 
October 1982. The I n t e r n a t i  onal  Astronomical  Union has endorsed t h e  Watch 
a s  " t he  i n t e r n a t i o n a l  c a o r d i n a t l  ng agency f o r  Comet Hal l e y  observa t ions  .I1 

Worldwide networks o f  ground-based observers  i n  seven d i s c i p l i n e s  a re  
providing around l the -c lock  coverage o f  t h e  comet w l t h  wlde-angle imaging, 
spec t roscopy  , photonletry , and o t h e r  obse rva t l  ons. Each o f  t h e  seven 
n e t w o r k s  c o n s i s t s  o f  20 t o  40 obse rva to r i es  and i s  managed by an h e r l c a n  
s p e c 1  a l i s t  and a European  c o u n t e r p a r t .  A s t e e r i n g  g r o u p  has been 
e s t a b l  ished, w i t h  ha1 f i t s  members f rom o t h e r  coun t r i es ,  i n c l u d i n g  t h e  
Sov ie t  Union and Japan. 

To complenrent b o t h  t h e  spacecra f t  encounters and t h e  ground-based 
obse rva t i ons ,  Astc'a-1 w i l l  be r e f l o w n  on t h e  S h u t t l e  i n  March 1986 For 
post-per1 he1 i o n  observa t ions  o f  t i a l l e y  when t h e  comet i s  c l o s e s t  t o  Ear th .  

The o b j e c t i v e s  o f  t h e  G a l l l e o  m i ss i on  a re  t o  i n v e s t i g a t e  t h e  chernica: 
composi t ion and s t r u c t u r e  o f  J u p i t e r  I s  atmosphere ; t h e  phys i  ca l  s t a t e  and 
sur face  campusi t ion of t h e  G a l i l e a n  s a t e l l i t e s ;  and t h e  s t r u c t u r e ,  compo- 
s i  ti on, and dynamics of' t h e  Jov i  an magnetosphere. Those i n v e s t i  g a t i  ons 
w i l l  f u l f i l l  some o f  the  h i ghes t  p r i o r i t y  o b j e c t i v e s  t he  Space Science 
Board e s t a b l i s h e d  f o r  t h e  1980s. 

G a l i l e o  w i l l  i n v e s t i g a t e  ques t ions  and t h e o r i e s  r a i s e d  by t h e  
Voyagers I observa t ions  a t  J u p i t e r ,  Features t r i g g e r i n g  those  ques t ions  
and  t h e o r i e s  a r e  as f o l l o w s :  t h e  comp lex  J o v i a n  a tmosphere ,  w h i c h  
eonsi  s t s  o f  eastward- and westward-movj ng be1 t s  and zones speed4 ng a1 ong 
a t  va r y i ng  ra tes ,  some c o n t a i n i n g  convec t i  ve d i  sturbances such as wh i t e  
o v a l s  and the Great Red Spot; a system o f  s a t e l l i t e s  w i t h  morphologies 
determined by volcanism, i c e  f l ows ,  and meteoro id  bombardment ; an 
unexpected t h i n  r i n g ,  s t l  11 mos t l y  unexplored ; and a magnetosphere t h a t  
changed g r e a t l y  I n  s i z e  and pressure between t h e  encounters by Voyagers 1 
and 2. 

The Ga l l  l e o  spacecra f t ,  c o n s i s t i n g  o f  an o r b i t e r  and an atmospher ic 
probe,  i s  scheduled f o r  launch i n  1986 by t h e  Space Shuttle and a Centaur 
upper  s t a g e  on a d i r e c t  t r a j e c t o r y  t o  J u p i t e r .  It w i l l  a r r i v e  a t  J u p i t e r  
i n t h e  f a l l  o f  1988. About 100 days before t h a t  a r r i v a l ,  t h e  probe w i l l  
separate from t h e  o r b i t e r ,  subsequent ly e n t e r i n g  J u p i t e r  I s  atmosphere near 
t he  e q u a t o r i a l  zone t o  measure t h e  chemica,'t and phys i ca l  p r o p e r t i e s  o f  t h e  
atmosphere down t o  a p ressure  l e v e l  o f  a t  l e a s t  10  bars. The o r b i t e r  w i l l  
f l y  l o o p i n g  o r b i t s  around J u p i t e r  and w i l l  make m u l t i p l e  encounters w i t h  
t h e  G a l i l e a n  s a t e l l i t e s  d u r i n g  i t s  I 1  - o r b i t ,  20-month t o u r .  Dur ing  a t  
l e a s t  one o r b i t ,  GalSleo w i l l  f l y  th rough  and map Jupiter's magnet ic 
t a i l  - - tha t  p o r t i o n  o f  J u p i t e r '  s magnet ic r e g i o n  d i  r e c t l y  oppos i t e  t h e  sun, 
a reg ion t h e  Pioneers and Voyagers d i d  no t  v i s i t .  

f. I n t e r n a t i o n a l  So1 a r  Pol ar M i  s s i  on 

The I n t e r n a t i  onal So la r  Po la r  M I  s s i  on i s a coope ra t i ve  under tak ing  by 
t h e  European Space Agency and NASA t o  r econno i t e r  t h e  s o l a r  wind and o the r  
i n t e r p l  ane ta r~y  phenomena perpend icu la r  t o  t h e  sun 's  equa to r i  a1 plane. It 



w i l l  c o n s i s t  o f  a s i ng le  spacecraf t  provlded by the  European Space Agency 
and  I n s t r u m e n t s  s u p p l t ~ d  by b o t h  p a r t i c i p a n t s ,  U . S .  s c i e n t i s t s  a r e  
p r i n c i p a l  I nves t i ga to rs  f o r  f i v e  o f  the n ine  expetmlments t o  be conducted 
and a r e  s e r v i n g  as co- lnvest?gators for sonw o f  tlie European Space Agency 
exper i~nents.  The United States w i  11 provicic the  r a d i  o i  sotope thermo- 
electric generator, I aunch se rv i  ces, and t r a c k l n g  and data acqui s i  ti on 
services. Launch w i l l  be i n  1986 by the S h u t t l e  and a  Centaur upper stage 
on a t r a j e c t o r y  tha t  w i l l  use J u p i t e r ' s  g r a v i t y  t o  swing t h e  spacecraft  
ove r  t h e  sun's  po la r  regions. The spacecraf t  w l T l  be operating I n  place 
i n  1989 and 1990. 

g. Venus Radar Mapper 

The Venus Radar Mapper m i s s i o n  i s  a  f l l g h t  p r o d e c t  a p p r o v ~ d  f o r  
t n i  t i a t l o r ;  i n  1984. I t s  pr imary instrument w i l l  be a syn the t i c  aper ture 
r a d a r  a b l e  t o  resolve sur face features measuring one k i l ome te r  or  l ess  i n  
a l l  dllnensions through the  t h i c k  cloud l a y e r  t h a t  always covers Venus. 
Launch by t h e  Shut t le  and a  Centaur upper stage i s  scheduled f o r  1988, 
w i t h  i n s e r t i o n  i n t o  o r b i t  around Venus i n  mid 1988, The radar rnappfng 
m i s s i o n  w f l 1  be completed I n  e a r l y  1989, The p lane t ' s  g r a v i t y  f i e l d  a lso  
w i  11 be mapped, by track! ng the spacecra f t ' s  o r b i t ,  t o  p rov ide  i n fo r t~ ia t j on  
about Venus' i n t e r i o r  s t ruc ture .  

To meet I t s  low-cost goals,  the p r o j e c t  w l l l  use e x i s t i n g  designs and 
subsystem hardware i n  the  spacecraft .  The spacecra f t ' s  e l  1 f p t l c a l  o r b i t  
w i l l  a1 low i t  t o  use a  3.7-meter Voyager antenna f o r  both radar mapping 
and d a t a  transmission. I t  a l s o  741 11 use o the r  hardware and software from 
t h e  Voyager, Gal i leo, and I n t e r n a t i o n a l  Solar  Polar  M i  ss lon p ro jec ts .  

In fo rmat ion  t h a t  Mariner 9 provided about Mars completely a l t e r e d  
understanding o f  t h a t  p l a n e t ' s  evolut ion.  The Venus Radar Mapper I s  
expected t o  make an equivalent  c o n t r i b u t i o n  t o  an understanding o f  Venus 
w i t h  rega rd  t o  the  age, h i s t o r y ,  and c h a r a c t e r l s t l c s  of i t s  surface; the  
g e o l o g i c a l  processes opera t ing  t o  form and modify the surface; the age of 
i t s  atmosphere and whether  w a t e r  and ocedns were e v e r  p r e s e n t ;  t h e  
presence o r  absence o f  p l a t e  tec ton ics ;  t he  o r i g i n  o f  i t s  highlands; the  
reasons  f o r  t h e  p o s i t i v e  c o r r e l a t i o n  between i t s  t opography  and  i t s  
g r a v i t a t i o n a l  f i e l ds ;  how i t  d i  ss lpates i t s  i r ~ t e r n a l  ly generated heat; and 
what knowledge i t  can prov ide about Ear th 's  h i s t o r y .  

2. Strategy 

Concern about t h e  v i a b i l i t y  o f  the  so la r  system exp lo ra t i on  program as 
o p e r a t e d  l e d  t o  t h e  f o r m a t i o n  i n  1980 o f  t h e  S o l a r  System E x p l o r a t i o n  
Committee under  t h e  NASA A d v i s o r y  Counc i l .  W i th  t h e  c o o p e r a t i o n  o f  t h e  
s c i e n t i f i c  community, t h a t  commi t tee  t o o k  a f r e s h  l o o k  a t  t h e  program, 
rev iewlng i t s  goal s, i d e n t i f y i n g  t h e  essent ia l  a t t r i b u t e s  t h a t  would mainta in 
i t s  v i a b i l i t y ,  and de f in ing  new ways t o  reduce I t s  costs. The Committee's 
r e p o r t  provided the f o l l  owing guidance: 

o  The goals o f  the  so la r  system exp lora t ion  program are t o :  

- Determtne the  o r i g i n ,  evo lu t ion ,  and present s t a t e  o f  the  so la r  
system 



- Understand Earth through cornparati ve p lanetary  s tud ies  

- Understand the  r e l a t i o n s h i p  between the chemical and physical  
c v o l u t l o n  o f  the  s o l a r  system and the  appearance o f  l i f e  

- Survey potent t a1 resources i n  near-Earth space. 

o Mission costs must be reduced w i thou t  decrement i n  program performance, 

o A c o r e  program o f  mlssfons must be establ fshed t o  prov ide  a long-term 
s t s b l e  base f o r  t he  p lanetary  sciences. 

o Core program miss ions must have impor tan t  s c i e n t i f i c  object ives,  be low 
i n  cost,  be c l e a r l y  deflned, and employ new technologies on l y  when 
the technologies '  p o t e n t i  a1 f o r  reducing costs can be demonstrated. 

o The sore program must be augmented w l  t h  techno1 ogi  ca1 l y  chal 1 engi ng 
miss ions as soon as na t iona l  p r i  o r i  t i e s  permit .  

The Committee recommended a core program conta in ing  missions t o  the  i nne r  
planets ,  small  bodies, and outer  p lanets.  Based on cu r ren t  assessments o f  
technological  read1 ness, 1 aunch opportuni  t f  es, rap1 d i  t y  o f  data r e t u r ~  , 
balance o f  disciplf nes, and o ther  programmatic fac tors ,  i t  identS f i e d  the  
sequence o f  i n i  t l a 1  core missions and t h e  candidate subsequent missions shown 
i n  Table 111-2. It concluded t h a t  core mlss lons should be designed t o  use: 

o Spacecraft  i nher i  tance--@xi s t i n g  hardware spares and dup l ica tes  from 
previous p r o j e c t s  such as Viking, Voyager, and Ga l i l eo  

o Planetary Observer Class spacecraft--spacecraft  der ived from 
"product i  on-1 i net' Ea r th -o rb i t a l  systems 

o Mar l  ne r  Mark I1 Class spacecraft--spacecraft  embody1 ng a new nrodul a r  
design capable o f  s imple reconf i  y u r a t i  on, 

P lane ta ry  Observer Class spacecraf t  are t o  be used f o r  f l i g h t s  t o  the  
i nne r  p lanets  and f o r  rendezvous miss ions w i t h  Earth-appe0ach.i ng astero ids.  
The i r  power and communicat~ons l i m i t a t i o n s  w i l l  prevent t h e i r  use beyond the  
as te ro id  b e l t ,  Mariner Mark I1 Class spacecraf t  are t o  be used f o r  F l i g h t s  t o  
the  ou ter  p lanets  and f o r  t he  remaining smal l  body missions. The Mariner Mark 
I 1  i s  a new desigr~ us ing  new .technology t o  achleve increased performance 
w i t h i n  s ize,  mass, and power cons t ra in ts ,  It w i l l  enable ava i l ab le  launch 
systems such a s  t h e  S h u t t l e - C e n t a u r  c o m b i n a t i o n  t o  l a u n c h  h i g h e r  energy 
misstons,  

The Comf t t e e  a1 so concl uded t h a t  one augmentation should be recommended 
f o r  each of t he  three c lasses o f  so la r  system bodies. For t he  i nner planets, 
it recommended a combined mission, Mars Surface M o b i l l t y  and Sample Return, 
t h a t  u l t i m a t e l y  might become more than one mission. For the  small bodies, i t  
selected a Comet Nucleus Sample Return, i n c l u d i n g  t h e  op t ion  o f  a nucleus 
surface s ta t i on .  Because o f  the  l a r g e  number o f  v i a b l e  competing concepts, an 
augmentation f o r  the o u t e r  planets has yet t o  be selected, Se lec t ion  i s  
expected t o  occur i n  the sp r ing  o f  1984. 



TABLE 111-2. INITIAL CORE MISS IONS AND CANDIDATE SUBSEQUENT MISS IONS 

In1 t l  a1 Core Missions 

M i  s s i  or, 

Venus Radar Mapper 

Launch D a t a  Return 

1988 1988-1989 

Mars Geoscience and Cl imatology Observer 1990 1991-1993 

Comet Rendezvous and Asteroid Flyby 1990 199411997 

T i t a n  Probe and Radar Mapper 1993 1997 

Candida1;e Subsequen.t Miss ions 
(Order Arb i  t r a r y )  

I n n e r  P l  anet s ---- Small Bodf es 

Mars Aeronomy Observer Comet Atomized Sample 
Return Observer 

Venus Atmospherlc 
Probe Observer Mu1 ti p l e  Mai nbel  t 

Asteroid Orbi ter-Flyby 
Mars Surface 
Network Observer Near-Earth A s t e r o i d  

Rendezvous Observer 
Lunar Geoscj ence 
Obser ?e r  

Outer Planets 

Saturn Orbltcr 

Saturn Flyby and Prnbe 

Uranus Flyby and Probe 



3. - Potent1 a1 New I n f t i a l i  ves, FY 1985-1989 

The f o u r  new initiatives desertbad below are planned f o r  t he  next f l v e  
years i n  support o f  the recornended core program, 

Mars Geoscience and Cl imato logy Observer 

The Mars Geoscience and Climatology Observer, inc luded as a new s t a r t  
I n  the P r e s i d e n t ' s  budget  request; f o r  FY 1985, w i l l  seat answers t o  
questfons regarding the  atlnosphere, surface gaochemlsl;r~, i n t e r i o r ,  and 
c l i m a t e  o f  Mars tln a g loba l  scale. Geologfcal mat ters to  be i nves t i ga ted  
i ncl ude the elemental and m'lnerologfcal conipoe.lt+on tct' t he  surface; t he  
global d l  strl but1 on o f  d l  fferent; elements and ms nera l  s ; ~nd;;or rni nera l  s 
p r e s e n t  and what t hey  t e l l  about  s u r f a c e  processes;  n a t u r e  o f  ma jo r  
grav l  t y  anomal i e s  and how they re1 ate  t o  varl a t i  ons I n  sur face composi - 
t i  on, topography, i n t e r n a l  s t ruc tu re ,  and magnetic f i e l d  c h a ~ ~ a c t e r i  s t i e s ;  
d i s t r i b ~ r t f o n  o f  condensed v o l a t i l e s  (H 0 and C O ~ )  and t h e l r  diurnal and 
seasonal v a r i a t i o n ;  f i g u r e  o f  t he  plane% and i t s  i n t e r n a l  drrqlty d l s t r i -  
b u t  S o n ;  t e c t o n i c  s t r e s s e s  i n  t h e  c r u s t ,  particularly f n ,the T h a r s i s  
r e g i o n ;  and composition o f  t h e  volcanoes an+> the naxure o f  the1 r evolu- 
t i o n .  Cl imato logy studies t o  be performed \*.:!I lead t o  an understanding 
o f  t h e  g l o b a l  n a t u r e  o f  t h e  M a r t i a n  atmc!sptt,.rr-c afld Jts  d - i u r n a l  and 
seasonal v a r i a t i o n ;  distribution of H 0, GO,, ?rid d u s t  i n  t h e  atmosphere 
and the1 r d i u r n a l  and seasonal v a r i a h o n ;  c;tt::.itfon o f  Mart ian ciouds 
and hazes;  h i s t o r y  o f  the Mar t i an  atmospherd; nature o f  t he  water cyc le  
and the i n t e r a c t i o n  between atmospheric water c.nd the sur face regolith; 
and na tu re  o f  the upper atmasphere and iunosphcre and how they f n t e r a c t  
w i t h  so la r  r a d i a t i o n  and t h e  s o l a r  wind. Science instruments needed 
include a gamma ray spectroineter, a mu1 t l  spectra l  mappzr, a radar a l t i -  
meter, a magnetometer, and a thermal -1 n f ra red  spectra l  radiometer. 

T h l s  w i l l  be the  f i r s t  P lanetary Observer Class mission. A mod i f i cd  
"production-1 i ne" E ~ t h - o r b i  t a l  spacecraft  w i  1 I serve as the basic  bus, A 
T r a n s f e r  O r b i t  Stage upper s t a g e  w i l l  b o o s t  t h e  s p a c e c r a f t  f r o m  t h e  
S h u t t l e  onto i t s  p lanetary t r a j e c t o r y .  S i x  months a f t e r  i t s  launch f n  
1990 the  spacecraf t  w i  11 be t nser ted i n t o  a non-sun-synchronous po la r  
o r b i t  around Mars. That o r b i t  w i l l  be permi t ted  t o  d r i f t  t o  t he  desi red 
sun a n g l e  and then w i l l  be lowered t o  a 350-kilometer a l t i t u d e ,  c i r c u l a r  
orb1 t t o  a t t a i n  so la r  synchronizat ion . The ml ss i  on du ra t i on  planned i s  
t w o  years, w i t h  t h e  spacecraf t  i n  the sun-synchronous o r b i t  a t  l e a s t  one 
year.  

b. Comet Rendezvous and As te ro id  Flyby 

The Space Science Board has designated comet rendezvous as one o f  the 
h ighest  p r i o r i t y  initiatives f o r  exp lo ra t i on  o f  the  small bodies. A 
rendezvous w l t h  Comet Kopff  i n  1994 w i l l  serve the  purpose o f  i nves t ' i ga t -  
i ng t h e  phys i ca l  and chemical s t a t e  o f  comets. It w i  11 determine whether 
a nucleus e x i s t s  and, I f  i t does, t nves t l ga te  f t s  physical s ta te ;  analyze 
i n  s i t u  t he  s o l i d  grains re leased from the ntlcleus du r ing  p e r i h e l i o n  
passage; determine plasma i n t e r a c t i o n s  with the s o l a r  wind; and make 
ex tended  obse rva ts ions  f o r  more t h a n  two  and a h a l f  y e a r s  o f  a l l  t h e  
dynamic processes o f  the  comet as f t moves from the  po in t  o f  rendezvous 
(about four  A.U.) through i t s  c l o s e s t  apprsach t o  t h e  sun (about one and a 



h a l f  A.U.). Typical  science a c t i v i t i ~ ~ ~  t h a t  w i l l  be invo lved inc lude 
cx tens i  ve imaging; x-ray and yama ray  s~ec t roscopy  ; i nf ra rcd  re f lec tance 
spec t ra l  mapping ; neut ra l  and i o n  mass spectroscopy; and dust detect ion,  
c o l l  e c t l  on, and composi t i o n a l  ana lys i  s, 

The spacec ra f t  f o r  t h i s  nl lssion w l l l  be a Mariner Mark I I, which w i l l  
be launched i n  1990 by t h e  Shuttle-Centaur combination. I t  w i l l  use a 
h y b r i d  Ear th-storabl  e propul s ion  system t o  prov ide a d l  r e c t  mu1 ti -impul se 
t r a n s f e r  t o  t h ~ )  comet and post-rendezvous s t a t i o n  keeping w i t h  it. Since 
t h e  spacecraft w i l l  t raverse  t h e  as te ro id  be1 t dur ing  t h a t  c r u i s e  phase o f  
I t s  f l i g h t ,  i t  w i  11 be progrdmmed f o r  one o r  two f l y b y  encounters w i t h  
a s t e r o i d s ,  I t s  rendezvous w i t h  the comet w i l l  occur be fore  the  onset o f  
the wel l  developed coma and i o n  t a i l  t h a t  the  comet c h a r a c + e r i s t i c a l l y  has 
e x h i b i t e d  near i t s  pe r i he l i on .  The viewing geometry from Earth a lso  w i ' l  l 
b e  f a v o r a b l e  t h r o u g h  much o f  t h e  encoun te r .  A t t e r  rendezvous, t h e  
spacecraft  w i l l  o r b i t  the L U I I I ~ J L  s nucleus t o  conduct d e t a i l e d  studies of 
i t s  sur iace .  At about 100 days before pe r t  hel ion,  wnen the cornet becotncs 
inereas lng ly  ac t l ve ,  the  spacecraf t  w l l l  r e t r e a t  t o  a safe d is tance (about 
5,000 k i  1 ometers) , A f t e r  the  dust hazard has subsi ded, t ibe spacecra6ft 
w l l l  e x p l o r e  t h e  cornet's atmosphere and make passes  on t h e  nuc leus ,  
progress1 ve ly  c l o s i n g  t o  a d i  stance o f  10 k i  I ometers . D l  scussions are 
under way wSth t h e  Federal Republic o f  Germany concerning a j o i n t  p r o j e c t  
t o  meet those objectives. 

c.  Lunar Geosci ence Observzr* 

L l k e  t he  Mars Geoscience and Cl imatology Obsetvver., t l i r b  Lunar Geo- 
science Observer w i l l  use a Planetary Observer Class s p n ~ k c r a f t ,  Its 
instrument complement a lso w i l l  be s i m i l a r .  I t s  ob jec t fves  w i l l  i nvo l ve  
l una r  resources as wel l  as extension t o  a g lobal  sca le  o f  the  Apol lo  
program's science i nvest i  g a t i  ons . They w i  1 1 i ncl  ude g l  obal mappi ng o f  the  
el en~ental and minero'togi ca l  composit ion, survey4 ng f o r  vo1 at! l e  resources 
i n t h e  po lar  regions, g lobal  r leterminat i  on o f  f l gure and topogr4aphy , and 
re f i nemen t  o f  data on the l u n a r  g r a v i t y  f f e l d .  Also under considerat ion 
are  i n v e s t i g a t i o n  o f  t h e  composml t i o n a l  heterogeneity o f  t h e  moon and the  
t l m e  sequence o f  the  d i  f f e r e n t i a t i o n  t h a t  produced the  heterogenei ty  ; 
g1 oba l  v a r i a t i o n  o f  the  sur face elemental and m-ineralogic phase 
composit ion; d e t a i l e d  f i g u r e  o f  the  moort, d e t a i l e d  1 unar g r a v i t y  f i e l d ,  
and re la t i onsh ips  between g r a v i t y  variations, surface composition, and 
magnetic va r i a t i ons ;  or1 g i  n and h i  s to ry  of loca l  t zed magnet! z a t i  on i n  t he  
s u r f a c e ;  nature o f  t he  processes t h a t  have shaped the  surface; nature o f  
v o l a t i l e  n ~ a t e r f  a l s  trapped i n  the  po la r  regions; and i n t e r n a l  dens l l y  
distribution. 

Instruments needed fo r  those i n v e s t i g a t i o n s  inc lude a rnu l t i spec t ra l  
napper, a gamnla-ray spectrometer, and a radar  al t9meter.  Data  a lso  w i l l  
be derived from t rack ing  OF t he  spacecra f t ' s  o r b i  t , Other l nstrurnents 
t h a t  might be added inc lude  a magnetometer, an x-ray f luorescence 
spectron~eter, an e lec t ron  r e f 1  ectomeler, and g r a v i t y  grad! ometers . 

Launch i s  scheduled f o r  1991. The o r b l t a l  po r t i on  o f  the  mission w i l l  
b e g i n  i n  an e l l  i p t i c a l  o r b i t ,  where i r lstrument c a l i b r a t i o n  and o r b i t a l  
t rack!  ng w i  11 take  place. So t h a t  t h e  geocliemical mapping measurements 



can be made, the  spacecraft  then w i l l  e s t a b l i s h  and main ta in  f o r  a t  l e a s t  
one year  a c i r c u l a r  p o l a r  o r b i t  wt t h  an a l t i t u d e  o f  50 t o  100 ki lometers, 

d, T i t an  Probe and Radar Mappdr 

Tho Solar  System Exp lora t ion  Committee gave t h i s  prograin the  h ighest  
p r i o r i  t y  f o r  new ou te r  p lane t  i n 1  t i  a t1  ves . T I  tan, the  1 argest  sa te l  1 i t e  
i n  the  Saturninn system, I s  unfque i n  t h a t  i t  has a dense atmosphere. The 
atmosphere i s  dominantly n i t rogen,  bu t  i t  conta ins a small amount of ~neth-  
ane and poss ib ly  some argon ; and t t completely obscures Tf t a n 4  s surface. 
The organic processes t a k i n g  p lace on T i t a n  prov ide t h e  only  p lanetary 
scale 1 aboratory f o r  s tud ies  o f  n pre-1 i f e  t e r r e s t r i a l  atmosphere, 

The program's p r i  n c j  pal ob jec t f  ves i n c l  ude determi na t ion  o f  the  struc- 
t u r e  and chomical composit ion o f  T i  t an ' s  atmosphere, i n t t es t i ga t l on  o f  
energy exchange and depos i t ion  w i t h i n  the  atmosphere, and a t  l e a s t  l o c a l  
charvacter*i z a t i  on o f  T i t  an ' s s u r f  ace morphol ogy . 

Many o f  T i t an ' s  features are unknown. For example, i s  argon r e a l l y  
abundant;? What i s  t h e  composit.lon o f  t he  aerosol i n  I t s  at~nosphere? Are 
-Important b i  01 og ica l  precursor molecules abundant? Are there  hydrocarbon 
oceans, lakes, o r  clouds? Do i s l ands  o r  cont inents  ex4 s t  and, 1 f they do, 
are they water i c e  o r  something e lse? What i s  t h e  source o f  the  atmos- 
p h e r i c  n i t r o g e n ?  Was t h e  t r a c e  gaseous carbon monoxide produced by 
metero ids o r  was i t  p r imord ia l?  What i s  t he  nature o f  and what governs 
the  temperature p r o f i  1 e above the  200-k! lometer a1 t i  tude l e v e l ?  Are the 
p r e d i c t e d  st rong zonal wlnds r e a l l y  present? What energy source i n  a d d b  
t i o n  t o  Inc iden t  s o l a r  r a d i a t i o n  causes i t s  excess u l l t * a v i o l e t  day-glow, 
and why i s  i t  conf ined t o  the  day s ide? I s  there  an i n t e r n a l  magnetic 
f i e l d  and, i f  there i s ,  how does I t  a f f e c t  t h e  i n t e r a c t i o n  between t he  
co - ro ta t i  ng p1 asma and the  atmosphere? 

The T i tan  Probe and Radar Mapper w i l  I be designed t o  answer many o f  
those questions. It w i l l  cons ls t  o f  a Martner Mark I1 spacecraft  equipped 
wi th  a radar  mapper and an atrnospherlc probe, I t  wf 11 be launched I n  1992 
o r  1993 by  the Shuttle-;entaut- combination and w i l l  take  3.5 years to 
reach T i  tan.  The mapper w i 7  1 map up t o  20 percent o f  t he  p a r t  of  T i  t a n ' s  
surface fac ing  Earth. The probe w i l l  be o f  a new l i gh twe igh t  design, 
p a r t l y  made poss ib le  by the r e l a t i v e l y  benign e n t r y  condi t tons,  which may 
a l l ow  the  use o f  a f a b r i c  decelerator .  The probe's l i g h t  weight w i l l  
produce a lower b a l l i s t i c  c o e f f i c i e n t ,  p e r m i t t i n g  important  measurements 
o f  atmospheric composit ion to be made at t he  beginning o f  descent i ~ t o  the  
atmospheric haze Sayer t h a t  l i e s  above the  200-kilometer a l t i t u d e  l eve l ,  

An a l t e r n a t i v e  p lan  a lso  I s  being considered. It would combine t h e  
T i tan  probe w i t h  a Saturn o r b l t e r ,  w i t h  T i t a n  mapping postponed u n t i l  
another oppor tun i ty  becomes ava i lab le .  This a l t e r n a t f  ve would be a cost-  
sharing venture w i t h  the  European Space Agency, which favors the Saturn 
o r b i t e r ,  I t  i s  expected t h a t  p r o j e c t  i n i t f  a t l o n  would be I n  1989 and 
launch i n  1992 or  1993. Launch t o  an Earth o r b i t  would be by the Shuttle- 
Centaur combination. After launch from o r b i t  by the  Centaur stage,  a 
deep-space spacecraft  maneuver and a subsequent Ear th -grav i ty  ass i s t  would 
be used t o  a c c e l e r a t e  t h e  s p a c e c r a f t  p robe o n t o  a t r a j e c t o r y  toward  
Saturn. I t s  f l i g h t  time t o  Saturn would be approximately seven years. 



4, Prograrn Status, FY 1989 

The four new i n l t i a t f v e s  j us t  described w i l l  advance solar system explora- 
t l a n  as dcpicted on Figure 111-2, whjch shows how the core program initiatives 
w i  11 re inv igo ra te  the  program through exp lo ra t i on  missions t o  a l l  regions o f  
the  s o l a r  system. A c t i v l t l e s  r e l a t e d  t o  t h e  i n n e r  p lane ts  i s  a t  the  ox l o r a -  
t i o n  leve l  f o r  bo th  Mars and the  moon and i s  d i r e c t e d  a t  g lobal  mapp P ng o f  
both  o f  those bodies, For the outer planets,  there  i s  an approved oxp lora t lon  
i n 1  t j a t l v e  t o  probe T i tan ' s  atmosphere. A1 so, successful con t i nua t l on  o f  the  
Voyager 2 miss ion w i l l  prov ide a f lyby reconnafssance a f  Neptune. The h i  yh- 
p r i o r i t y  comet; rendezvous miss ion w i  11 in4 t i  a te  exp lo ra t i on  of the small 
bodies. Astero id f l y b y  reconnaissance a l so  11s Inc luded as a  benefit; o f  t he  
cornet rendezvous r n l s s l o n ~ s  t r a v e r s a l  o f  the  as te ro id  be1 t. 

5 .  - Possible In1  t i a t i v e s  A f t e r  1989 

The Solar System Exp lora t ion  Committee recommended i n i  t f a t i o n  o f  1 t s  core 
program missions by the  end of t h i s  century. That would requ i re  i n 1  t i a t i o n  o f  
n ine  missions i n  t h e  1990 t o  2000 per1 od, Two o f  those pro jec ts ,  the Comet 
Atomized Sample Return and the  Mars Aeronomy Observer, have been ident l  f l e d  as 
p o t e n t i a l  f o re ign  i n i t i a t i v e s .  The f e a s i b i l i t y  o f  the! r being undertaken as 
international c o n t r l  but ions t o  so la r  system exp lo ra t i on  i s  being d l  scussed 
w i t h  t h e  European Space Agency and f t s  member countr jes.  The remaining seven 
miss ions and how they might be Incorporated i n t o  the  recormended core program 
a re  described below under the  th ree  classes o f  so la r  system bodies, Also 
descr jbed a re  augmentations t o  the  core program recornended by the Solar 
System Explorat ion Commf t t ee .  l'he Committee's recommendation i s  t ha t ,  i f 
resources can be made aval l ab le ,  one or  more i n tens i ve  study missions be added 
t o  t h e  core program dur ing  t h e  decade o f  t h e  1990s. 

a. -. Inner Planets 

Two add i t i ona l  inner  p lane t  mlsslons I n  the  recommended core program 
are t o  be undertaken as f u t u r e  i n i t i a t i v e s ,  a Venus Atmospheric Probe 
Observer and a Mars Surface Network Observer. The Venus Atmospheric Probe 
Observer w i  11 address quest ions about t h e  p l a n e t ' s  atmosphere r a l  sed by 
prevlous Ploneer Venus and Venera probe missions. Ver i  f i c a t t o n  1 s needed 
o f  Pioneer Venus f lnd ings  o f  abundant neon and argon and l a r g e  r a t i o s  o f  
a r g o n  t o  k r y p t o n ,  argon t o  xenon, and deuterium t o  hydrogen. A lso ,  
p r e c i s e  values f o r  the  r a t i o s  o f  noble gas isotopas a re  requ i red  so t h a t  
c o n s t r a i n t s  can be placed on theor ies  o f  t he  o r i g i n  o f  p lanetary atmo- 
spheres + The oxf dat ion s t a t e  o f  Venus ' 1  ower atmospher>e, hydrogen and 
water  abundances, and densi t y  p r o f f  1  es f o r  several su1 f u r  cornpounds a1 so 
have been i d e n t i f i e d  as  major quest ions f o r  r e s o l u t i o n  as a r e s u l t  o f  
Pioneer Venus and Venera measurements. A probe based on the  Pioneer Venus 
design ca r ry ing  a l i m i t e d  s e t  o f  fnstruments and t ranspor ted  t o  Venus by a 
modi f ied Earth o r b i t e r  could satisfy the  mission's ob jec t i ves  a t  a modest 
cost .  Launch requirements w i l l  be comparable t o  those , for i n s e r t i n g  
cammuni cat1 ons satel 1 i t e s  i n t o  geosynchronous o r b i t  . 

The Mars  Su r face  Network Observer  w i l l  have t w o  o b j e c t i v e s :  t o  
measure t h e  bu l k  chemf ca l  composit ioti o f  t he  p l a n e t ' s  sur face mater i  a1 , 
i n c l u d i n g  key t r a c e  elen~ents, and t o  e s t a b l i s h  a network o f  seis~nic- 
m e t e o r o l o g i c a l  s ta t i ons  around the p lanet .  Both ob jec t i ves  can be met by 
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enplacing f o u r  t o  e igh t  penet rc to rs  ( n ~ i s s i l e - 1  i k e  p r o j e c t i l e s  t h a t  s t r l  ke 
t h e  s u r f a c e  a t  high v e l o c i t y  and becolne bur ied,  leav ing  n small a f terbody 
a t  t h e  su r face  t o  t ransmit  data t o  Ear th) ,  Da ta  Transmission w i  ll be v i a  
t h e  spacecraf t ,  which w i l l  be i n  an e l l i p t i c a l  o r b i t .  The geochemical 
measurements w i l l  be made I n  the f i r s t ;  Few weeks a f t e r  probe d e l i  very, 
wh i l e  the se i  smlc and meteorological observat jons w i  11 cont inue f o r  a Mars 
year, This miss ion could bc a procurser t o  a global  network o f  perhaps 50 
s ta t i ons  i f  measured sc i s~n ic  and meteorofoglcal a c t i v i t y  appear t o  warrant 
d e t a i l e d  study, Each penet ra tor  w l l l  have t o  be equipped w i t h  a small 
radio1 sotope thermoe1ecf;ri c generator. 

Several V i  k l  ng-cl ass m l  s s i  ons could augment the proposed core prograrn 
m i s s i o n s  t o  move t h e  s t r a t e g y  f o r  i n n e r  p l a n e t  e x p l o r a t i o n  I n t o  t h e  
1 ntensive-study phase. ,?ddi t i o n a l  Mars exp lora t ion ,  i n  particular, i s  a 
good candidate f o r  I n i t i a t i o n  i n  the  1990s. Indeed, t h e  Solar Sys.tsni 
Explorat ion L'ommi.ttee recen t l y  proposed t h a t  t he  pr ime augmentation 
candldate be t h e  h igh -p r i o rm i t y  Mars Sample Return miss ion combined w i  t h  an 
e x t e n s i v e  e a p a b l l i t y  f o r  surface m o b i l i t y .  h rover  w i t h  a rbange a f  about 
1,000 k i l o m e t e r s  would c o l l e c t  samples and, a t  the  sane tlme, study Mars' 
s u r f a c e ,  A f t e r  d i s p a t c h i n g  i t s  l o a d  o f  samples t o  E a r t h ,  i t  wuuld 
c o ~ t f  nue e x p l o r i n g  and c o l l e c t i n g  samples whi l e  a second rover and sample 
r e t u r n  ~ n l s s i o n  was being launched from Ear t l i  a t  the next opportuni ty .  The 
second rover  would embark on a d i f f e r e n t  surface t raverse,  wh i l e  the  
sample r e t u r n  veh lc le  could take from the  f i r s t  rover  the add i t i ona l  
samples  i t  had c o l l e c t e d  and r e t u r n  them t o  Earth, To keep pay load 
requ i  rements w i t h i n  the  capabi 1 i t y  o f  a full y-loaded Centaur 'age, each 
m i s s i o n  would use aerocapture a t  Mars and perhaps f o r  recovery a t  Earth. 
Because o f  S h u t t l e  payload I im i t ;a t ions ,  t h e  Centaur would have t o  be 
f u e l e d  i n  orb! t. The space s t a t i o n ,  serv ing  as a t ranspor ta t i on  rtode, 
cou ld  prov ide t h a t  r ~ f v I c e .  The Space S t a t i o n  a l so  would be a usefu l  
f i  r s t  p o i n t  o f  d e l ' ~  very f o r  t h e  r e t u r n i n g  samples, T h l s  and o t h e r  
concepts f o r  Mars sample r e t u r n  misstons w i l l  be assessed i n  the  coming 
y e a r  f o r  e ? ~ s l  b l l  f ty,  explorat iorr value, and technology requt rements i n  
p r e p a r a t ~  "11 f o r  possib le augmentat1 on t o  the  core program. 

Small Bodies 

Two addl t i o n a l  missions, t h e  Mu1 t i p l e  Mainbcl t Astero id  Orbf te r -F lyby  
and the Near EarthaApproaching Astero id  Rendezvous Observer, are t o  be 
undertaken as f u t u r e  i n i t i a t i v e s  t o  complete the core program f o r  small 
bodies. The Mu1 t i p l e  Mainbel t Asterof d Orb i te r -F lyby  m i  ssian i s  a key 
element o f  t h e  small body science s t ra tegy  develop-sd by the Space Science 
Board's Comni t t e e  on Planetary and Lunar Exploration. Its object1 ves are 
charac te r i za t i on  (determining as te ro id  s i  ze, shape, ro ta t i on ,  a1 bedo, 
mass, and densi t y  ) and detat  1 ed study o f  as te ro id  propert,i es, i ncl  udi ng 
surface morphology, surface composit ion, elemental and miner.al ag i  ca l  
abundances , mass d i  s t r i  but1 on, magnetf c f i e l d ,  and so la r  w l  nd in te rac t i on ,  
A Mariner Mark I 1  spacecraft  w i l l  be able t o  s a t i s f y  those object ives,  but 
t h e  ob jec t ives  w i  11 press the  capabi 1 i t i  es o f  the  Shuttle-Centaur 
cornbi na t l  on. Performance 1 n terms o f  number o f  accessi b l  e as te ro i  ds per 
ml s s i o n  c o u l d  be improved by u s i n g  Mars t o  p r o v i d e  g r a v l t y - a s s i s t e d  
t r a j e c t o r i e s ,  bu t  t h a t  improvement would be a t  t he  expense o f  launch 
opportuni t y  f l  e x i  b i  1 i ty .  S o l a r - e l e c t r i c  propuls ion i s  needed f o r  the  
m i s s i o n  t o  r e a l i z e  i t s  p o t e n t i a l  o f  four t o  s i x  rendezvous t a r g e t s  w i t h  



four  ' to  s i x  a d d i t i o n a l  a s t e r o j d  f l ybys ,  NASA i s  cons ide r i ng  I n t e r n o t i o n a l  
p a r t i c i p a t i o n  f o r  t h i s  missirrn as a  means o f  o b t a i n i n g  t h e  b e n e f i c i a l  
s o l a r - e l e c t r i  c  p r o p u l s i o n  module, 

The Near Earth-Appvoaching A s t e r c l d  Rendezvous Observer m i ss i on  w i  11 
share many measurement techniques w i t h  t h e  M u l t i p l e  Ma lnbe l t  As te ro i d  
O rb i t e r -F l yby  and t h e  Lunar Geoscfence Observer. However, the m o t i v a t i o n  
f o r  undertaking t l l l s  m i s s i o n  1 s  as much an I n t e r e s t  i n  ac;esslble 
neardEarth resources as I n  a s t e r o i  d exp lo ra t i on .  There a re  b e l i ~ v e d  t o  be 
approx imate ly  1,000 n e a r ~ # % r t h  a s t e r o i d s  g rea te r  than  a k i  1  ometer i n  s i  ze, 
o f  whl  ch  fewer t han  10 percen t  have been d i  scovered. The spacecra f t  f o r  
t h i s  m i ss i on  can be a mod i f l ed  E a v t h - o r b i t e r  o f  the P lane ta ry  Observer 
Clbss o f  spacecraf t - -perhaps a f o l l ow -on  t o  t h e  Lunar Geoscience Observer 
spacecraf t .  The p r o p u l s i o n  energy r e y u i  r e d  t o  launch such a spacecra f t  on 
rendezvous m i  ss ions t o  some near-Earth as te r01  ds w i  11 be e x t  laemel y 1 ow, 
indeed lower  than  t h a t  f o r  a l u n a r  o r b i t e r  miss ion.  Thus, t h e  S h u t t l e  and 
t h e  I n e r t l a l  Upper Stage I 1  o r  T rans fe r  Orbt t  Stage upper stages w i l l  be 
ab le  t o  s a t i s f y  1  aunch requirements.  

For  augmentation o f  i t s  smal l  bod ies  co re  program, t h e  So la r  System 
E x p l o r a t i o n  Comni t t e e  proposed the  h i  gh -p r io r1  t y  Comet Nucleus Sample 
Re tu rn .  Because comets a re  be l i eved  t o  be re~nnants  o f  t he  s o l a r  system 
fo rma t i on  process, grenc importance i s  assigned t o  t he  r e t u r n  o f  una l t e red  
samples o f  t h e i r  n u c l e i  f o r  l a b o r a t o r y  a n a l y s l s  o f  t h e i r  phys i ca l  s t r u c -  
tu re ,  camposi t i  on, and chemi s t  ry . M i  s s i  on requ i  rements w l  1  1  be comparable 
t o  t hose  f o r  t h e  Mars V i k i ng  miss ion.  The spacecra f t  cou ld  i n c l u d e  an 
i n t e r p l a n e t a r y ,  remote-sensl ng spacec ra f t  bus ; one o r  two lander-sampl ers ,  
w i t h  an o p t l o n  f o r  cont inued post-sampl i ng sur face  measurements; and a 
sample r e t u r n  capsule.  Sol a r - e l e c t r i c  p ropu l s i on  would be an enab l ing  
capabi 11 t y  t o  overcome t l -2  cons t ra i  n t s  imposed by a s i n g l e  Shur t le-Centaur  
launch. Aerocapture a t  Ea r t h  r e t u r n  would inc rease  t h e  m i s s i o n ' s  a t t r a c -  
t i  veness by reduc ing t h e  amount o f  power t h e  s o l a r - e l e c t r r l c  propul  sf cin 
system would have t o  p r c v i  de. 

c. C,. ' 3.. Pl  anets 
L*,. I --- 
Three c o r e  p r o g ~  afii miss ions LO t h e  o u t e r  p l a n e t s  a re  t o  be i n i  t i a t e d  

i n  t h e  1990 t o  2000 per iod :  a Saturn C t -b i te r ,  a  Saturn Flyb,y and Probe, 
and a Uranus F lyby and Probe. The Sdturn O r b i t e r  m i ss i on  i s  a  p a r t  o f  the  
o u t e r  p l a n e t  e x p l o r a t i o n  s t r a t e g y  recommended by  t h e  Coinrnittee on 
P l a n e t a r y  and Luna r  E x p l o r a t i o n .  I t  w i l l  be s j m i l a r  t o  t h e  G a l l l e o  
miss ion,  b u t  t ~ i t h o u t  a  probe. Its o b j e c t i v e s  w i l l  i n c l u d e  g l oba l  sturl,y o f  
Saturn ' s  ;bSrnospheric s t r uc tu re ,  phys i  c d l  p r o p e r t i e s ,  and dyn.l.r.t cs ; 
con t i nued  nrapping o f  i c y  sate1 1 i t e  sur faces;  mapping of T i  t a n ' s  surfhce 
w i  t l l  r ada r ;  i c v e s t i  gat! an o f  Sa tu rn ' s  r i n g  s t r u c t u r e ;  anti t ime-dapendent 
mappi ng : f  Saturn 's  magnetosphere, The Sol a r  System E x p l o r a t i o n  C o m i  t t e e  
recommended t h a t  a Mar iner  Mark I1 spacec ra f t  be used f o r  t h i s  miss ion.  
Launched by t h e  Shut t le-Centaur  combinat ion on an E a r t h  g r a v i t y - a s s i s t e d  
t r a j e c t o r y ,  t h e  spacecraf t  would r equ i  r e  7.5 years  t o  reach Saturn o r b i t .  
J u p i t e r  g r a v i t y - a s s i  s ted t r a j e c t o r i e s  cou ld  be used, reduc ing  f l i g h t  t i m e  
t o  l e s s  than  f i v e  years,  However, whereas E a r t h  grav i ty -ass4 s t e d  
t r a j e c t o r i e s  a re  pcss i  b l e  every  year ,  1  aunch o p p o r t u n i t i e s  f o r  a Jup l  t e r  
g r a v i  t y - a s s i s t e d  f l i g h t  w i l l  occur  o n l y  i n  1997 and 1998. O r b i t  d t lnat ion 
o f  a t  l e a s t  18 months  i s  needed t o  c o n d u c t  t h i s  m i s s i o n  p r o p e r l y .  



Add i t i on  t o  t h i s  n ~ l s s i o n  o f  e i t h e r  the T i tan  Probe described prev ious ly  o r  
the Saturn Probe mentioned abovc I s  under considerat ion. That change 
would reduce by one f l i g h t  t h e  number o f  mlssions I n  the core program and, 
w i t h  the p a r t i c i p a t i o n  o f  an i n t e r n a t i o n a l  par tner ,  the  combined miss ion 
c o r r l d  be more c o s t  e f f e c t i v e ,  The Sa tu rn  O r b i t e r  and T i t a n  Probe 
zomblnation, i n  p a r t f c u l a r ,  i s  being studled as a poss ib le  j o l n t  e f f o r t  
w i t h  the Errropean Space Agency. 

The probes o f  the Saturn Flyby and Probe and Uranus F1yb.y and Probe 
m i  s s i o n s  w l l l  have o b j e c t i v e s  v e r y  s i m i l a r  t o  those f o r  t h e  G a l i l e o  
m i s s i o n ' s  probe. Thei r  design cou ld  be the same as t h a t  o f  the G a l i l e o  
probe w e p t  f o r  reduc t l  on I n the1 r aeroshel l  mass, lead1 ng t o  dec~eased 
f l i g l t t  time. Also, those.mlssions could use many o f  the instruments the  
G a l l  leo mission w i  11 use. Cdmpartson of t h e  f i nd ings  o f  t h e  th ree  n i s -  
s i  eras i s one c f  t h e  f  mportant science goal s f o r  outer  p lanet  explora,t ion. 
The spacec ra f t  f o r  both mtsslons w l l l  be the Mariner Mark I1 i f  the t o t a l  
l a u n c h  mass can be kept w i t h i n  Lhc launch capabilities o f  t he  Shut t le -  
Centaur-Pay1 oad Assi s t  Module 1 aunchi ng system. Anrlual 1 aunch opportuni - 
t i e s  ex i s t ,  w i t h  expected t r i p  t imes o f  3.5 and 5.5 years t o  Saturn and 
Uranus, respect i  ve l  y. 

The Solar System Exp lora t ion  Committee d l d  not  inc lude Neptune and 
P l u t o  mlss ions I n  i t s  core program because It assumed t h a t  funding would 
n o t  bo available f o r  them before  t h e  year 2000. However, those missions 
a r e  impor tan i  t o  uu ter  p lanet  exp lora t ion ,  and It i s  expected t h a t  they 
h i  1 1  be startecc between 2000 and 2005. The Committee i d e n t i  f j e d  several  
mi s s i  ons as possi b' 2 augmentations t o  the core program before 2000, bu t  
has y e t  t o  choose a prime cdnd'idate. Both  the  Committee and the  Committee 
o n  P l a n e t a r y  and Lunar E x p l o r a t i o n  a r e  c o n t i n u l n y  t n  / p o s s i b l e  
augmenta t ions ,  and a c h o i c e  i s  expected t o  be made ' 4 ,  Those 
poss ib le  augm~nta t  i ons inc lude a range o f  Gal i 1 ean sst e l  1 .  :e m i  ss i  ons, a 
T i  t a n  buoyant s t a t i o n  o r  surv ivab le  lander, a Saturn r i n g  mlssion, and a 
Neptune o r b i t e r  provided w l th  nuc lear  e l e c t r i c  propuls ion 

6. New Techno1 ogi  es and Capabi 1 i ti es 

The proposed core program fo r  so la r  sys te ,~  exp lo ra t i on  was formulated 
under the cons t ra in t  t ha t  no new enabl ing technologies be required. The 
program does r e q u i r e  extensive use o f  t h e  Shutt le-compatible Centaur upper 
stage, but development o f  technology f o r  t h a t  stage already i s  under way. New 
enhancing technol ogy fo r  spacecw i systems--parti c u l a r l y  f o r  telccommuni ca- 
t ion ,  data, and power systems--wil l  be incorporated i n t o  Mariner Mark I1 and 
Planetary Observer spacecraft  as they become a v a i l a b l e  and cost  e f f e c t i v e .  
Since so las -e lec t r i  c prczpul s ion would prov ide a sJ gni f i  cant performance 
advan tage  t o  t h e  m u l t i p l e  encoun te r  m f s s i o n  t o  m a i n - b e l t  a s t e r o i d s ,  i t s  
de ,el opment w i  11 be encouraged, preferably w i  t h  f o r e l  gn p a r t i  c i  pat i on i n t h e  
development, As . indicated i n  t h e  nex t  paragraph, i t  a1 so would be an enabl ing 
capabi 1 i ty f o r  smal l  body and outer  p lane t  augmentation i n i  ti a t1  ves. 

I n  contrast ,  requirement; f r r  new techno1 ogy f o r  the proposed augmentation 
i n i t i  a t i v e s  a r e  s i g n i f i c a n t .  Every  l i ~ i s s l o n  w i l l  need new e n a b l i n g  o r  
enhancing technologies f o r  d e l l v e r y  and recovery operat ions, encounter 
operat ions,  o r  i n  s i t u  explorat ion.  Need f o r  new d e l i v e r y  technology a r i ses  
from a requi roment f o r  greater performance. Three en8bll ng capabi 1 'i t i e s  under 



cons.lclerat.lon a r e  e l e c t r i c  propulsion, i n - o r b !  t f u e l 1  ng o f  t h e  S h u t t l e -  
cornpatri b l e  Centaur, and in-orb1 t assembly o f  twa o r  rnore Centaur-cl ass upper 
stages. Each o f f e r s  advantages t o  d l  f fe ren t  augmentation m i  s s l  ons. For 
example, nuclear e l e c t r i c  p ropu ls ion  would be p a r t i c u l a r  t e n e f l c i a l  t o  
advanced outer  p lane t  mlssions such as a tieptune o r b i t e r  o r  a Saturn r i n g  
probe, Since the  augmentrttion 1 n i  t i a t i v e s  focus on sample retur9n mi sslcrns, 
new recovery technologies a l so  would be needed and cnns idera t ion  would have t o  
be g iven t o  p a r t i c u l a r  areas such as quarant ine and thermal and physical  
p r o t e c t i o n  o f  samples dur ing e n t r y  o r  Earth o r b i t  i n  the recovery process. 

Establlshrnent of a permanent s ace s t a t i o n  would be b e n e f i c i a l  t o  both the  
launch and recovery phases of t 2 e augmentation missions, Modular launch 
systems could b~ assembled e a s j l y  zt the s t a t i o n  t o  obtain. cscape performance 
s u b s t a n t 9 a l l y  g r e a t e r  t han  t h a t  o f  thc S h u t t l e - C e n t a u r .  Space s t a t l o n  
recovery o f  returned samples would prov lde a means f a r  zero-grav i ty  1 aboratory 
s tud ies  and would con t r i bu te  impor tan t l y  t o  issues r e l a t i n g  t o  sample 
qua rac t i  ne. 

Techno logy  needs f o r  e n c o u n t e r  o p e r a t i o n s  r e l a t e  t o  per fo rmance and 
c o n t r o l  . To Increase p~r fo rmance and pay1 oad, 1 i ft ing-body aerocapture tech- 
n iques r o n s t i  t u t e  an a t t r a c t i v e  a1 t e r n a t i v e  t o  the  advances i n  capabl lm! t i e s  o f  
S h u G t l ~  I .  )per stages mentioned I n  the  preceding paragraph, I n  add"lion t o  
p r o v i  d i  ng performance bene f i t s  , aerocapture technl ques can compensate for 
navi  ga t ion  and atmospheric u n c e r t a i n t i e s  t h a t  otherwise would prevent landings 
o f  the heavier payloads i n  the  augmentation missions, 

An enhancing techno1 ogy, especi a1 l y  for the Mars Sample Return m i  ssion, 
wou ld  be i n  s i t u  p r o p e l l a n t  p r o d u c t i o n .  A t  Mars, f o r  example, i t  would 
i n v o l v e  e x t r a c t i o n  of oxygen f rom the  carbon monoxfde dtrnosphere t o  produce 
o x i d i  zer. Other needed technologies f o r  encounter operat ions i nc l  ude auto- 
mated rendezvous, docking, and tcrmina'l navi g a t i  on and guidance. Automated 
rendezvous and docking are under considerat ion f o r  the Mars Sample Return 
m i  r s i o n  and c u r r e n t l y  are expected t o  form a base-l ine requirement f o r  the 
Comet Nucleus Sample Return  m i s s i o n .  Automated t e r m i n a l  5av.l g a t l o n  and 
gutdance would be p a r t i c u l a r l y  b e n e f i c i a l  t o  t h e  Mars Sample Returti m4ssion 
because a prec ise land ing  a b i l i t y  would d i r e c t l y  a f f e c t  the designs o f  t he  
l ande r  and the rover .  

Technology needs f o r  i n  sStu exp lora t ion  center  on automation and sample 
c o n t r o l .  Expected r o b o t i c  a c t i  v i  t i e s  and mob5 1 i t y  r e q u i  r e  advances i n  
automation and a r t i  f l c f  a1 i n t e l l  igence, as do s i t e  r .haracter izat ion f o r  and 
acqui s i t  i on ~f sarnpl es . Control  of samples requi  res technol ogy t o  a1 1 ay 
concerns regarding a p r i o r i  s t e r t i l  i zation, s i t e  contamination, and sample 
p ro tec t i on ,  Therefore, technol ogy assessment i s  needed 'in ~ I o l  ogy, cherni s t r y ,  
and physics, especi a1 ly s t r u c t u r a l  and thermal physics. Sarnpl i ng techniques 
a l s o  neeu t o  be improved because they now l a g  c a p a b i l i t i e s  f o r  o ther  phases o f  
sample r e t u r n  missions, 

Ear th  and Its Environment - 
Ear th ' s  physical  c h a r a c t e r i s t i c s  are the r e s u l t  of i n t e r a c t i o n s  atnong many 

processes. The absorpt ion o f  s o l a r  radiation and subsquent t r a n s f e r  o f  energy 
and momentum w i t h i n  Ear th 's  atmosphere and oceans produce t h e  t e r r e s t r i a l  
c l ima te .  Convective flow i n  i t s  1 n t e r i o r ,  manifested by slaw bu t  un re len t i ng  



motions o f  l a rge  b locks o f  I t s  surface, reshape i t  con t i  nua l ly .  The sama f l u i d  
motions produce a magnetlc f i e l d  i n  i t s  m e t a l l i c  core, and that; f f e l d  sh lo lds  
i t s  s u r f a c e  f r o m  t h e  s o l a r  wlnd.  The re r r~a in ing  p h y s i c a l  and chemica l  
p rocesses  on i t s  su r face  and i n  t h e  near-space env i ronment  p r o v i d e  t h e  
cond i t i ons  on which l l v i n g  organisms on land and I n  t h e  oceans and the  olr 
depend f o r  t h e i r  continued su rv i va l .  

Tile study o f  Ear th sciences began when humans f l r s t  recorded pherromena 
they observed around them, Sci e n t i  f l c  i n t e r e s t  i n  those phenomena arose both 
from I n t e l l e c t u a l  c u r l o s l t y  and from the  e f f e c t s  on d a i l y  l i f e  o f  many o f  the  
processes studied. D l  v i  s ion of Ear th  sciences i n t o  d i  s c i p l  i n a r y  areas such as 
meteor01 ogy , atmosphsri c  physi cs , rjceanography , geal agy , and b i  01 ogy came 
about because o f  the  necessity t d  de l ineate  prablems t h a t  are t rac tab le .  
However, as the  boundaries o f  ~ a c h  disc1 p l i n e  have grown, so has the  over lap 
between d i  s c i p l i n e s .  I n  r e c a n t  y e a r s ,  t h e  v iew o f  E a r t h  from space has 
engendered a growl ng r e a l  I zdt' i  on tha t  a f u l l  understanding o f  Ear th requi  res 
g lobal  , i n t e r d i  s c i  p l  1 nary research, Study o f  t h e  procflsses governing the  
solld Earth and i t s  oceans, atmosphere, rrlagnetosphere, and 1 i f e  forms requi  res 
coordinated g lobal  observat ions and theor ies  t o  i n t e g r a t e  the  observat' i  ons. 

NASA's  program a1 ready has accomplished rtlf~ch, both i n  bas ic  understandlng 
and i n  devclopl ng techniques t h a t  have p r a c t i c a l  app l ica t ion .  Space-acqui red 
data arc  ;n regu lar  use and have demonstrated t h e i r  u t i l l  t y  f o r  research i n  
a g r i  cul t u re ,  1 and use, hydro1 ogy , and geology . Observatl ons from space are 
used i n  inventory i  ny land cover; l oca t i ng ,  c l a s s i f y i n g ,  and measuring major 
types o f  fo res ts ;  r d e n t i f y l n g  shore l ine  changes, sa l  f n i  t y  zones, and f l o o d  
p l a l  n  boundaries ; and i d e n t i  f y i  ng water impoundments l a r g e r  than two acres i n  
area. Knowledge galned has been used i n  fo recas t ing  wheat product ion and i n  
I d e n t i f y i n g  areas i n  which crops are under stress. I t  a l s o  can a s s i s t  I n  
d e t e r m i n i n g  g l o b a l  changes i n  biomass a n d ,  i n  c o n j u n c t i o n  w i t h  a g l o b a l  
b i o l o g y  program, can b e g i n  t o  d e t e r m i n e  t h e  processes i n v o l v e d  i n  t h o s e  
changes, 

Perhaps the most dramatic example o f  the  use o f  space-acquired data has 
been i n  t h e  a tmospher i c  sc iences .  Research i n s t r u m e n t s  and techn iques  
developed by NASA have made g loba l  measurements o f  t ropospher ic  parameters 
such as temperature, humidity, and winds and there fore  have improved knowledge 
o f  t he  troposphere subs tant la l  l y  . The National Weather Service has incorpo- 
rd ted  those techniques i n t o  i t s  models t o  improve the  q u a l i t y  o f  a l l  i t s  
forecasts.  A1 so, data from recent  NASA s a t e l l i t e s  are being used t o  update 
fo recas t ing  techniques so t h a t  the  goal of a r e l i a b l e  seven-day fo recas t  can 
be approached. E a r t h ' s  wobble about  i t s  po la r -  a x i s  and i t s  change i n  
r o t a t l o r i a l  r a t e  have been discovered t o  be caused by the  i n t e r a c t i o n  o f  I t s  
atmosphere w i t h  t h e  s o l l d  earth. By measuring the d i s t r i  bu t l on  o f  ozone and 
o ther  important speci es i n  t he  s t r ~ t o s p h e r e ,  NASA sa te l  1 i t e s  have improved 
understanding o f  the stratosphere and the  ro le  t h a t  human-made p o l l u t a n t s  
miyht  have on i t s  ozone content. An experiment c a r r i e d  on t h e  second Shu t t l e  
f l i g h t ,  Measurement o f  A i r  Pa? l u t i o n  from Shut t le ,  demonstrated a c a p a b i l i t y  
f o r  measuring a t ropospher ic  t r a c e  species, carbon monoxide, from space. 

Equa l ly  dramatic prospects are i n  s i g h t  f o r  studying t h e  ocaalis from 
space. Seasa.t measured winds over the  oceans and sea-surface he igh t  changes, 
demonstrating t h a t  c i r c u l a t i o n  pa t te rns  I n  the oceans can be determined us ing 
instrumented s a t e l  1 i t e s .  Measurements o f  the ch lo rophy l l  content o f  the  



oceans can be made r o u t i n e l y  and have been used t o  determine the  probabi li t y  
o f  f i s h  harvests o f f  t h e  west coast o f  the Uni ted States. Techniques der ived 
from space technology have been used t o  acqui re i n i t i a l  data on the  l a rge -  
scale motion o f  Ear th 's  c rus t ,  Those data even tua l l y  w i l l  con t r i bu te  t o  
a l l e v i a t i o n  o f  t he  adverse economic and soc ia l  e f f e c t s  o f  c rus ta l  hazards and 
t o  b e t t e r  understanding o f  the  processes t h a t  l e d  t o  the deposit  o f  minera l  
and energy resources, 

Observat ions o f  the  output  from the sun have shown changes i n  the  so la r  
constant  measured i n  only  days. The c:~Istence o f  such r a p i d  change was a major 
surpr ise,  Studies a lso  have been conducted o f  the  interactions o f  s o l a r  
u l t r a v i o l e t  r a d l a t t o n  w l  t h  the upper atmosphere and o f  t h e  lncomlng so la r  wind 
w i t h  t h e  outer  f r i nges  o f  Ear th 's  magnetic f i e l d .  

1. Strategy 

NASA's program t o  study L a r t h  i s  global , in tegra ted ,  and I n t e r d l  sc i  p l  i n- 
ary, wi th  emphasis on understanding processes t h a t  a f f e c t  Ear th 's  habl tab1 1 i - 
ty, p a r t i c u l a r l y  i t s  b i o l o g i c a l  p r o d u c t i v i t y  and a i r  and water q ~ a l l t y .  The 
program invo lves  coordinated observat ional  , t h e o r e t i  ca l  , experimental , and 
modeling I n v e s t i  gat1 ons, and development of f u t u r e  observing technalogies. 
Those a c t i v i t i e s  are complementary and t o y e t l ~ e r  farin a balanced progt'am o f  
system and process studies. The program emphasizes the  physical  processes 
t h a t  produce observed phenomena and seeks t o  determine the underlying cause 
and e f f e c t  re1 a t ionsh i  ps , thereby making i t  poss ib le  t o  develop veal i s t i  c 
p r z d i c t i v e  models. The observat ional  I nves t i ga t i ons  u s u a l l y  requ i re  use o f  a 
v a r i e t y  o f  instruments making both remote and i n  s i t u  measurements simultane- 
ous ly  from several l oca t i ons  i n  the  so l  a r - t e r r e s t r i  a1 system. Some i nves t l -  
ga t  ions make c o n t r o l  led per tu rbat ions  of the magnetosphere and t h e  atmosphere, 
thereby us ing space as a labora tory ,  

2. Current Program - 
a. Landsat 

Landsat-4, 1aunclr;d i n  J u l y  1982, c a r r i e d  t h e  Thematic Mapper sensor 
i n t o  space f o r  the  f i r s t  t ime, That sensor 's measurement c a p a b i l i t i e s  are 
vas t l y  super io r  t o  those of t he  Mu1 t i s p e c t r a l  Scanner c a r r i e d  by e a r l l e r  
Landsat spacecraft. The Thematic Mapper possesses approximately t w i  ce the 
spectval reso lu t ion ,  t h ree  times t h e  s p a t i a l  reso lu t ion ,  and fou r  t imes 
t h e  s e n s i t i v i t y  t h a t  t he  Mu1 t i  spect ra l  Scanner possesses. Landsat-4 
c o l l e c t e d  more than 6000 images before developing techn ica l  prboblems 
d u r i n g  t h e  spr ing  and sumner o f  1.983 t h a t  have ser io t l s ly  c u r t a i l e d  i t s  
a b i l i t y  t o  c o l l e c t  da ta .  Consequent ly ,  x s e a r c h  now i s  focused on 
analys is  and i n t e r p r e t a t i o n  o f  those images, eva lua t ion  o f  t he  qua1 i t y  o f  
t h e  imagery, and determinat ion o f  the  types o f  Ear th  in fo rmat ion  t h a t  can 
be e x t r a c t e d  f rom t h e  images. Another  s p a c e c r a f t ,  Landsat-D',  was 
launched i n  March 1984. Routine c o l l e c t i o n  o f  Ear th imagery w i t h  the  
Thematic Mapper w i  11 resume dur..lng the spr ing  of 1984. 

b. S h u t t l e  Imaging Radar 

A se r ies  of radar imaging experiments called SIR-8 c u r r e n t l y  being 
p lanned f o r  f l i g h t  En the Space Shu t t l e  w i l l  add another major dimension 



t o  NASA's  program i n  Ear th  observations, An e a r ' f e r  exper lmenl,  t he  
Shut t le  Imaging Radar-A (SIR-A), was conducted i n  November 1981. The data 
i t  c o l  lec t t>d  provided t h e  f i r s t  demonstrati on t h a t  radar  sensors can 
pene t ra te  deep f nto  windblown sand depos i ts  I n  hyper-ar id  environments. 
SIR-A imagery  o f  p o r t f o n s  o f  t h e  e a s t e r n  Sahara Desert  r e v e a l e d  t h e  
presence o f  bu r ied  draingge channels t h a t  prov ide important  clues t o  the 
archaeo log ica l  and geological h i  s to ry  o f  southern Egypt. SIR-A data 
co l l ec ted  over other  areas are  s t i l l  bein? analyzed. SIR-B i s  a fol low-on 
exper iment  scheduled f o r  launch i n  1984, I t  w i l l  be t h e  f i r s t  spaceborne 
r a d a r  a b l e  t o  image E a r t h ' s  s u r f a c e  a t  m u l t i p l e  ang les  o f  i n c i d e n c e  
measured From the l o c a l  v e r t i c a l .  

In December 1982 NASA issued an Announcement o f  Opportuni ty  sol! c i t f n g  
proposals f o r  s c i e n t i f i c  investigations t h a t  S I R 4  p o t e n t i a l l y  could 
conduct, From the more than 180 proposal s submitted, 47 inves t1  gat ions 
t e n t a t f  ve ly  were selected, They w l l l  seek t o  extend the  radar  penetrat ion 
studies S I R - A  i n i  t i a t e d  and t o  conduct s tud ies  i n  geology, oceanography, 
botany, hydro1 ogy, and cartography, Speci f i c  i nves t+  na t ions  : I re planned 
o f  t rop l ca l  deforestat ion,  ocean waves and cur ren ts ,  sores t  b l  omass, crop 
y ie lds ,  sea i c e ,  earthquake hazards, and coasta l  geomorphol ogy. P I  arts are 
i n  process f o r  a t h j r d  experiment, SIR-C, which would be ab le  t o  ob ta in  
rada r  imagery o f  Ear th 's  sur face a t  m u l t i p l e  f requerc ies  and po la r i za -  
t i ons .  SIR-C t e n t a t i v e l y  i s  scheduled t o  cntor develoarneat I n  1987. 

c. Mu1 t i  spec t ra l  ~ r r r t n r v -  Lifbeqr Array Sensor 

The o b j c c t i  ve c l  *,ne Mu1 t i s p e c t r a l  L inear  Array program i s  t o  develop 
an advanced, h i  gh-perfarmance, sol i d - s t a t e  sensor. Near-term emphasis i s  
on development o f  a  sensor i nco rpo ra t i ng  a new generat ion o f  detector  
mater ia ls ;  a  c a p a b i l i t y  f o r  making both v i s i b l e  and shortwave-infrared 
measurements; use o f  1 i near, foca l  -p l  a r~e  ar rays  ; onboard s igna l  process- 
i n g ;  and advanced concepts f o r  data processing on the  ground. An i n s t r u -  
ment t o  Fly on the Shu t t l e  entered development i n  1981 and i s  expected t o  
f l y  dur ing 1987 and 1988. 

d. The Oceans 

Viewing t h e  oceans from space can c o n t r i b u t e  t o  s c i e n t i f i c  knowledge 
f n three general areas: t he  c i r c u l a t i o n ,  both geostrophi c  and 
w i n d - d r i v e n ,  and t h e  h e a t  c o n t e n t  o f  t h e  oceans, and llow t h e y  a r e  
in f luenced by the atmosphere; t h e  pr imary p r o d u c t i v i t y  o f  t h e  oceans, how 
i t  i s  i n f l uenced  by the  phys ica l  dnd chemical environment, and how i t  i n  
t u r n  in f luences the h igher  elements i n  the  marine food chain; and the  
growth and movement o f  sea i c e  and how they are  a f fec ted  by the  atmosphere 
and oceans, Techniques are i n  development f o r  removing the  d i r e c t i o n a l  
ambf g u i t y  associdted w i  t h  scatterometer measurements o f  wlnds and surface 
stress,  and t h e  Global Scale Atrr~ospheri c Program i s  making q u a n t i t a t i v e  
s tud ies  t o  assess how scatteromeler-measured winds can be used t o  improve 
atmospheric forecasts.  I n  s i t u  ocean-current sensors are being developed 
f o r  eva iua t jng  t h e  p o t e n t i a l  u t i l i t y  o f  spaceborne sensors Sn determining 
sur face cu r ren ts  ar~d complementary subsurface currents.  I nves t i ga t i ons  
are 'n process t o  determine t h e  c a p a b i l i t i e s  and l i m i t ? t i o n s  t h a t  
spaceborne observat ions o f  chl orophyl : concentrat ion have f a  prov id ing  
estima'tes o f  phytoplankton p r o d u c t i v i t y  and t o  look a t  i n  s i t u  techniques 



f o r  measuring phytoplankton patchiness. I n i  t l a l  r e s u l t s  have been 
obtalned us lng successive Images f rom synthet ic  aper ture radars t o  
quan t i f y  ",he movement a>., deformation o f  f i e l d s  o f  sea i ce ,  

Plans are being formulated, under the  auspices o f  the  In te rna t i ona l  
Council o f  Sc ien t i  f l c  Unions and the World Meteor01 og i  ca l  Organi zat ion,  t o  
conduct a World Climate Research Program i n  the l a t e  1900s and e a r l y  
1990s. The r o l e  o f  the ocearls has been recognlzed t o  be pa r t  o f  the  
program, and two oceanographi c component programs are  being def ined : the  
War1 d Ocean C i  r c u l a t i o n  Experiment and t h e  b o p 4  ca l  Oce.?ns/Global 
Atmosphere Experiment. S a t e l l i t e  a l f t ime t ry  and scatterometry a c t i  v t t i  es 
such as  those proposed I n  the  Topography Experiment fo r  Ocean C i r c u l a t i o n  
and t h e  NASA Scatterometer described l a t e r  wJ11 be key components o f  the 
 YO experiments , 

e.  The Atinosphere 

NASA has both t h e  experience and the  f a c i l i t i e s  t o  deal w i t h  the  
speci a1 problems i nvol  ved -In understand! ng the c i  r c u l  a t 1  on o f  t he  
atmosphere; namely, t h e  process1 ng o f  vol  uminoi~s data,  i n t e r p r e t a t i o n  o f  
r e s u l t s  i n  m e t e o r o l o g ~ c a l  te rms,  and apy W o n  o f  t h e  r e s u l t s  Lo 
meteoro log ica l  issues. I n v e s t l g a t l o n  and :sment o f  data f ro in the  
F i  r s t  Global Atmosphere Research Program f : ., i r tent are proceeding. A 
s u b s t a n t i a l  p a r t  o f  NASA's work i s  d e v o c e j  t o  development o f  new 
techniques, For example, an e f f o r t  i s  under way t o  devslop and f l y  an 
advanced temperature and moisture sounder whose expected performance could 
approach t h a t  o f  radiosondes, bu t  w i t h  f a r  more complete s p a t i a l  coverage. 

f , - Mesoscal e Processes 

The emphases o f  r e s e a r c h  on seve re  storms and l o c a l  weather  a r e  
meteorological  observat-i ons frbm space o r  h i  gh-f ly i  ng a i  r c r a f t  and h igh-  
technology i nterac. t i  ve compttter techniques t o  ass in i l la te  and analyze data 
from m u l t i p l e  sources. One aspect o f  developing new measurement tech- 
niques i s  use o f  a i r c r a f t  f l i g h t s  f o r  f i e l d  t e s t s ;  f o r  example, f l i g h t s  o f  
the CV-990 a i r c r a f t  f o r  t e s t i n g  t h e  new Doppler L i d a r  Wind Velocimeter. 
A1 s o  being emphasized a re  development o f  research app l i ca t i ons  o f  the  
V is ib le - In f ra red  Spfn-Scan iladiometer Atmospheric Sounder on Geostationary 
Operati anal Envi ronmental Satel  1 i tes  and development o f  new a1 g o r i  thms f o r  
determin ing temperature, mni sture, and winds a t  d i  f f e r e n t  heights i n  the  
atmosphere fo r  use i n  numerical models, Flow scales i n  t he  atmosphere 
must be understood i f  progress i s  t o  be made i n  r e l a t i n g  large-scale 
weather t o  l o c a l  weather. 

g, Ear th 's  Radiation Budget 

Observations from instruments on Nimbus 6 and 7 and the  Natiorlal 
Oceanic and Atmospheric Admf n i s t r a t f  on I s  operat ional  sa te l  1 i t e s  are the  
foundation f o r  a con t i nu ing  ser ies  o f  data se t s  on Ear th ' s  r a d i a t i o n  
budget  t h a t  w i l l  serve as a resource f o r  c l imate  research. NASA's Ear th  
Radi a t i  on Budget Experiment, scheduled f o r  1 aunch i n  1984, w i  11 cont inue 
and augment t h e  d a t a  s e t s .  E a r t h ' s  r a d i a t i o n  budget  a l s o  i s  b e i n g  
addressed i n  other  ways. Evidence from recent  Nimbus 7 and Solar Maximum 
Mission observat ions conf irms t h a t  t h e  t o t a l  output  o f  the  sun va r ies  



n a t u r r l l y  by several tenths o f  a percent f o r  per lods o f  up t o  about two 
weeks, To mon i to r  the  long-term t rend  o f  t h e  variation and t o  de tc rm~ne 
i t s  a f f e c t  on c l i m a t e  systems, t h e  f o l l o w i n g  i n ~ t r u r ~ r e n t s  have been 
des igned  f o r  use on the Shut t le :  t h e  Ac t ive  Cav i ty  Rariiometer, the  Solar  
U l t r a v i o l e t  Spectra l  I r r a d l  ance Monf t o r ,  and the  Solar Constant Vari a t i o n  
i n s t r u m e n t ,  I t  I s  expected t h a t  such instrrrments w i l l  be f lown r e g u l a r l y  
d u r i n g  t h e  next  decade, Research programs have been i n i t i a t e d  t o  develop 
an  understanding o f  and models f o r  the processes by whfct~ clouds are 
formed and i n t e r a c t  w i t h  i nc tden t  o r  r e f l e c t e d  rad ia t j on ,  and t o  study the  
sources, composi t l ons ,  and r a d j a t i  ve e f f e c t s  o f  aerosol s t h a t  vo lcanic 
explos ions i n j e c t  i n t o  tlie stratosphere.  In add i t i on ,  the In te rna t i ona l  
Satellite Cloud C l i m a t o l o g y  P r o j e c t  4 s  expec ted  t o  deve lop  a g l o b a l  
c l  oud-cl i ~ n a t o l  ogy da ta  set. 

h. Trace Specfes 

I n v e s t i  gat1  ons are developing technfques f o r  n~easuring major t r a c e  
species i n  the  troposphere. F i e l d  measurements t o  t e s t  t h e  most promising 
'instruments w i l l  be fol lowed by  a six-year program o f  measurements by 
a i r c r a f t  k.o character1 ze the  chcmfstry  o f  t h e  troposphere on a g lobal  
scale, Research on the  st ratosphere and mesosphere a l so  continues and has 
i ncreasi  ng ly  used more real  i s t i  c two- and three-dlmensi onal model s + The 
c h ~ m i  cal , r a d i ~ t !  ye, and dynarn! c co~lrputer codes used i rl those models are 
be i ng improved cr i f i t inual ly, w i t h  t h e  goal o f  developing f u l l y  coup1 ed 
chemical , r a d i a t i v e ,  and dynamic three-dimensional model s tha t  s imulate 
t he  atmosphere very prec t se ly  . A1 so, NASA, i n  cooperat i  on w i t h  European, 
Canadian, and Japanese i nves t i ga to rs ,  i s  us1 ng a v a r l e t y  o f  instrument 
techniques on bal loon,  rocket,  and a i r c r a f t  f l i g h t s  t o  ob ta in  measurements 
o f  t r a c e  species i n  the  st ratosphere t h a t  w i l l  a l l ow  accurate comparison 
o f  cur ren t  experimental techniques. 

Data f rom Nimbus 4, Nimbus 6, Nimbus 7,  and the St ra tospher ic  A e r ~ s o l  
and Gas Experiment have been v a l f  dated and are becoming available for 
d e t a i  l e d  analys is .  Solar Mesosphere Explorer  data on ozone, n i t r i c  ox-lde, 
and w a t e r  vapor soon w i  11 be a v a i l a b l e  for  ana lys js ;  and two instruments, 
t h e  Imaging Spectrometer Observatory and the  Atmospheric Trace Molecule 
Spectroscopy experiment, have been developed f o r  use on t h e  Shu t t l e  t o  
tileasure those species i n  t he  mesosphere and stratosphere. The Observatory 
a1 ready  has f lown on Spacelab 1 and th2 Spectroscopy experiment w i  11 f l y  
on Spacelab 3. 

i . Geodynami cs 

Laser ranging and microwave in te r fe romet ry  are being used t o  measure 
t h e  motions o f  Ea r th ' s  po la r  ax is ,  v a r i a t i o n s  i n  the  l eng th  o f  day, and 
t h e  mot ion  and deformation o f  Ear t t l ' s  c r u s t a l  layer. A worldwide network 
o f  o v e r  20 c o o p e r a t i n g  space agenc ies  p a r t i c i p a t e s  i n  NASA's g l o b a l  
geodynamics research. A second Laser Geodynamics Sate1 1 i t e ,  being bu i  lt 
b y  I t a l y ,  I s  t o  be launched by t h e  S h u t t l e  i n  1987. Data from l a s e r  
t r a c k i n g  o f  sate l  ' l i t e s  and a l t i m e t e r  d a t a  f r o m  Seasat and t h e  t h i r d  
Geodynamic Experimental Ocean S a t e l l i t e  a re  being used t o  improve the  
accu racy  o f  model s for global g r a v i t y  ff e lds  used i n  .studies o f  ea r th  and 
ocean processes. Simi 1 ar  data  acqui red  by t h e  Magnetic F i e l d  Satel  1 i t e  



are being used i n  i t u d y j n g  secular and temporal v a r l a t l o n s  o f  Ear th 's  mafn 
f i e 1  d and inhomogenei t i  es i n  Ear th 's  crust .  

j. a a c e  Plasma Physics 

Space plasma physicrj h?s two main th rus ts ,  The flrst cons is ts  o f  
s tud ieb  o f  large-scale systenis and requ l res  simultaneous measurement!; by 
severa l  spacecraf t  occupy1 ng d i  f f e r e n t  reg1 ins i n  space, For exam,~le, 
Atmosphere Explorers C ,  D, and E s tud ied  how s o l a r  u l t r a v d o l ~ t  r a d i a t i o n  
i n t e r a c t s  w i t h  the upper atmosphere t o  produce the  cr.01, co- ro ta t ing  
plasma o f  the  ionosphere and helped t o  exp la in  how t h m e  rn terac t ions  
con t ro l  t h e  thermosphere, International Sun-Earth Explornrs 1, 2, aad 3 
i nves t i ga ted  how the  f ncoming so la r  wind i n t e r a c t s  w l t h  the  ou ter  f r inges  
o f  Ea r th ' s  magnetlc f i e l d  t o  produce t h e  boundaries o f  the  magnetospliere 
and the  hot,  convect1 ve, majnetospheri c  p l  asma. Dynami cs Expl o rers  1  and 
2 s tud ied  the  f n te rac t i ons  between the hot,  convect ing, magnetospheric 
plasma and tbi: cuol , co- ro ta t ing ,  ionospheric plasma and a l so  studied the 
energi  z a t i  oc ~f p a r t i c l e s  t h a t  produce t h e  aurorae and i n t e r a c t  w i t h  the 
atmospheve, i n t e r n a t i o n a l  Sun-Earth E x p l o r e r s  1 and 2 and Dynamics 
Expl u r e r  1 continue t o  make measurements i n  t h e  n~agnetosphere. Analysi s 
c ~ n t i n u e s  o f  data from a1 1 those missions. 

The second majn t h r u s t  i s  complementary t o  the  i r s t  and invo lves  
c o n t r o l  1 ed studies o f  i n t e r a c t i  ve processes, Space1 ab prov l  des a unique 
c a p a b i l l  t y  f o r  i n  s i t u  a c t i v e  experflnents i n v o l v i n g  the  i n j e c t i o n  o f  
p a r t i c l e s  , the t ransmiss ion o f  el ectromagnelic energy, and tahe e j e c t i o n  o f  
chemica ls  i n t o  the  upper atmosphere so t h a t  t he  e f f e c t s  can be measured 
and understood. Ac t i ve  experiments of those types have been conducted O I ~  
Astro-1 and Spacelab 1 and are  scheduled f o r  Spacelab 2, En addl t i o n ,  the  
A c t i v e  Magnetospheric Tracer Explorer,  which f s being developed i n  a 
cooperat ive program w i t h  t h e  Federal Republic o f  Germany and t h e  United 
Kingdom, i s  scheduled f o r  launch i n  August 1984. I t s  Ion Release Module 
w i l l  re lease t r a c e r  chemicals i n  f r o n t  of, a t  t he  f l anks  of, and i n  t he  
t a i  1  o f  t h e  magnetosphere. Sirnul taneously , a Charge Composition Explorer 
w i  11 t r y  t o  detect  t h e  t r a c e r s  i n s i d e  the  magnetosphere SO t h a t  t he  en t r y  
i n t o  and ~ n e r g t z a t i o n  o f  plasma i n  t he  magnetosphere can be studied. 

Global B i o l w  

An important emerging area I s  g loba l  biology, which deals w i t h  the  
i nf 1  uences o f  b i  01 og i  c a l  processes on g lobal  b i  ogeochemi cal cycles . 
Decause b l  o log i ca l  processes dominate i n  the  prodrrct i  on and removal o f  
marly cons t i tuents  o f  the  biosphere, knowledge about them Ss c r i t i c a l  t o  
understand4 ng t he  consequences o f  envi ronmental per tu rba t ions .  I t  has 
become c l e a r  t h a t  they  cons tJ tu te  a  key i n f l uence  on t h e  land, t he  oceans, 
and t h e  atmosphere. Factors t o  be i nves t i ga ted  are t h e  area l  extent  o f  
land use and biomass, r a t e s  o f  change o f  bf omass as determined from remote 
sens ing  data, b iogenic  gas f luxes and the  fac to rs  t h a t  a f f e c t  them, i n  
s i  tu xoni  t o r i  ng of eco log i ca l  processes, and i n t e r p r e t a t i o n  o,F sedimentary 
f o s s i  1 r e c o r d s  t o  t e s t  hypotheses about  modern processes,  A1 though 
achieving an understanding o f  Earth as a system i s  f o rma l l y  p a r t  o f  the  
L i f e  Sciences program, i t  w i  1 I be poss ib le  only  i f  study o f  g lobal  b io logy  
i s  a f ea tu re  o f  the  t o t a l  Space Science program. 



P o t e n t i a l  New I n i  t i a t i v e s ,  FY 1985-1983 , -- 

a.  Upper At~irosphere Research Sate1 l i t e  

T h i s  program's goal i s  t o  extend s c l e n t t f i c  urlderstanding o f  the 
chemical and physi ca1 processes occur r l  ng 1 n Earth 's  stratosphere, 
~nesosphere , and lower thermosphere. I t s  pri,nary u b j e ~ t i  ve f :F t o  under- 
stand t h e  mechanisms t h a t  c o n t r o l  the s t r u c t u r e  and v a r l a b i l f t y  o f  t he  
upper atmosphere, t h e  response o f  the  upper a~tmosphere t a  na tura l  and 
human -re1 atcd per tu rbat  ions, and t h e  r o l e  o f  the ,upper atmosphere I n  
c l ima te  alld c l imate  v a r t a b l l i t y .  It w i l l  use remote s e n s l ~ y  instruments 
c u r r e n t l y  i n  development, i n c l  ud i  ng two instruments being provlded by 
B r i t i s h  and French invest1 gators,  t o  measure t race  rnolecule species, 
temperature, winds, and r a d i a t i v e  energy Jnput from and losses t o  the  
upper  atmosphere. It also w i l l  make i n  s i t u  measurements t o  determine 
n~agnetospher ic  energy i npu ts  t o  the  upper atmosphere. PI ans .include 
exter is i  ve i n t e r a c t i o n  among experimental  and t h ~ o r e t i  cal I n v c s t i  ga t i  ons 
and an i n t e r a c t i v e  cent ra l  data f a c i l i t y  w i t h  d i r e c t  on - l i ne  access v i a  
remote terminal  s  t o  f a c i  1 i t a t e  t h a t  i n t e r a c t i o n  among i nves t i ga to rs .  

Shu t t l  e-Space1 - ab Payloads 

Basic processes i n  which electromagnetic energy and p a r t i c l e  beams 
i n t e r a c t  w i th  plasmas occur i n  many sy~t t -  " w i t h i n  the  universe, but can 
be studied most e a s i l y  i n  t h e  most accessible space plasmam-that near 
Earth. As noted e a r l i e r ,  Spacelab's c a p a b i l i t i e s  a r e  w e l l  su i t ed  f o r  
mak ing  those studies,  A beginning was made w i t h  the  f l i g h t  of the OSS- l  
p a l l e t ,  whSch used a small e l e c t r o n  gun t o  study veh ic le  charging and wave 
generat ion. Spacelab 1 had a Japanese e lec t ron  acce lera tor  w$ t h  pal l e t -  
mounted d iagnost ics,  and Spqcelab 2 w i l l  i nc lude  an e l e c t r o n  gun and a 
p lasma d i a g n o s t i c  package on a s u b s a t e l l i t e ,  In p l a n n l n g  i s  a more 
a m b i t i o u s  m i s s i o n  c a l l e d  t h e  Space Plasma L a b o r a t o r y  on which t h o s e  
inst ruments w i l l  be . joined by o ther  instrumend,s, i n c l u d i n g  ti VLF-HF wave 
i n j e c t i o n  f a c i  1 i ty  be lng  developed i n  cooperat i  on w i t h  Canada. Because o f  
Spacelab 's  v e r s a t i l i t y ,  the  mix o f  instruments can be changed between 
f l i g h t s  and the en t i re  payload can be upgraded i n  an evolutionary fashion. 

A1 so p l  anned i s  the  assembly i n t o  a sjny le  pay1 oad o f  seve~*al so la r  
radiance instruments--the French-developed Solar  U l t r a v i o l e t  Spectral  
I r r a d l  anc2 Monitor,  t he  A c t i  ve Cav i ty  Radi ometer, and the Be1 g i  an- 
developed Solar Constant Vari  a t 1  on i nstrument--and two a iaospher i  c  i ns t ru -  
ments--the Atmospheric Trace Molecule Spectroscopy experiment and IrnagSng 
Spectrometerq Observatory. That payload w i l l  be flown on a regu lar  basis  
s t a r t i n g  i n  1985 t o  prov ide i n fo rma t ion  on behavior w i t h  Ljme o f  the t h e  
so lar  constant, the so la r  spectrum, and the upper atmosphere. In addi- 
t i o n ,  a v a r i e t y  o f  new instruments, such as  the  M u l t i s p e c t r a l  Linear 
Array,  for remote sor~s ing  o f  Ea r th ' s  surface w t l l  be f lown on Shut t le -  
Spacelab f l i g h t s  t o  t e s t  t h e i r  c a p a b i l i t i e s  and t o  evolve t h e i r  use from 
shor t -du ra t i  on Shuttle-Space1 ab missions t o  1 onger missions on the space 
s t a t !  on. 



c. Ocean Color Imager 

The success o f  the Coastal Zone Color Scanner, which was launched on 
Nimbus-? i n  1978 and now i s  i n  i t s  s i x t h  y e a r  of  o p e r a t i o n ,  c l e a r l y  
i n d i c a t e s  t h a t  a  fo l low-on instrument could determine g lobal  pr imary 
p r o d u c t i v i t y ,  which forms the base f o r  the  var ious marine food chains, 
The synopt ic,  g loba l  measurements o f  c) r lorophyl l  concentrat ion t h a t  a 
s a t e l l i t e  c o l o r  scanner can prov ide w i l l  serve as the  primary data base t o  
whf ch complementary sh jp ,  a1 rplane, and buoy data can be added t o  yield 
primary p roduc t l v l  t y  est imates o f  h igh  accuracy f o r  key oceantc regions. 

An Improved vers ion  o f  the Coastal Zone Color Scanner, the  Ocean Color 
Imager, has been designed and plans are be1 ng fo rn~u la ted  t o  make possible, 
f o r  t h e  f i r s t  t in~e,  t h e  relating o f  wind f o r c i n g  d a t a  acquired by a  NASA 
Scatterometer t o  data  on ocean cu r ren t  rc?sponse from the  planned Topo- 
graphy Experinlent f o r  Ocean C i r c u l a t i o n  mission, the red1 s t r i  bu t i on  o f  
oceanic n u t r f e n t s  by the currents,  and the r e s u l t i n g  chanqes i n  pritnary 
p r o d u c t i v i t y  from the  Ocean Color Imager. W l  t h  appropri  a t e  I n  s-l t u  obser- 
vat ion,  i t  w; il be poss ib le  t o  r e l a t e  biological v a r i a b i l l  t y  quan t i t a t i ve -  
l y  t o  t h e  physical  c h a r a c t e r i s t i c s  o f  the  g lobal  oceans. 

d .  Tethered S a t e l l i t e  System 

The Tethered Sate l  l i t e  p r o j e c t  1 s an i n t e r n a t i o n a l  cooperative 
u n d e r t a k i n g  between the United States a l ~ d  I t a l y  t o  prov ide a new f a c i l l t y  
f o r  conducting Ear th  Science and Appl fcat ions experiments, The Tethered 
Sate1 1  i t e  w i l l  make measurements as f a r  as 100 k i lometers  from the  Space 
Shut t le .  I t  w i l  l make poss ib le  long-term s c i e n t i f i c  experimentat ion no t  
h e r e t o f o r e  feas ib le ,  i nc l  udi ng generat ion and study o f  large-ampli tude 
hydromagnetic waves ; magnetic f i e l d  a1 1 gned cur ren ts  ; and hf gh-power, very 
'l ow f requency  and e x t r e m e l y  1  ow f requency  waves i n  t h e  ionosphere-  
magnetosphere system. I t  a1 so w i  11 perm1 t studlcb o f  magnetospheric- 
ionospher ic- thermospher ic  coupl ing and atmospheric processes below 180 
k i lometers ;  of h igh  r e s o l u t i o n  c rus ta l  geomagnetic phenomena; and o f  the  
g e n e r a t i o n  o f  power u s i n g  a c o n d u c t i n g  t e t h e r .  I t a l y  has agreed t o  
prov ide the  sate1 1  i t e  f o r  the  planned atmospheric ( te thered downward) and 
space plasma ( te the red  upward) m i  ss i  vns . 

Topography Experiment f o r  Ocean C i  r c u l  P t i  on 

The 1 a r  ge-sca le  movement o f  w a t e r  i v  t h e  oceans has many df r e c t  
consequences f o r  l i f e  on E a r t h .  F o r  example, c l i m a t e  changes, f i s h  
product ion ,  commerce, waste disposal , and na t i ona l  s e c u r i t y  are a f fec ted  
by  ocean c i r c u l a t i o n  and, i n  turn,  a f f e c t  d a l l y  l i f e .  And many th ings  
about the oceans are  poo r l y  understood, l a rge ly  because t h e  oceans are 
d i f f i c u l t  t o  observe. The Ocean Topography Experiment I s  expected t o  
p rov ide  s f  gni f i c a n t  capabi 1  i t i e s  f o r  observing the  c i  r c u l  a t i  on o f  the  
oceans on a global  basis .  Its object1 ves w t l l  be t o  measure ocean surface 
topography over en t  i r e  ocean basins f o r  several years; i n t e g r a t e  those 
measurements w i t h  subsurface measurements and use the r e s u l t s  i n  models o f  
t h e  oceans' dens i ty  f i e l d s  t o  determine the  oceans ' general c i  r c u l  a t1  on 
and v a r i a b i l i t y ;  and then use t h e  In fo rmat ion  from a l l  those a c t i v i t i e s  t o  
develop an understanding o f  t he  nature o f  ocean dynamics, ca l cu la te  the  
hea t  t ransported by t h e  oceans, understand the i n t e r a c t i o n  o f  cur ren ts  



w i t h  waves, and t e s t  t he  c a p a b i l i t f e s  a ~ f i i l a b l e  for' predicting ocean 
c l reu la t i on .  

f .  Scatterorneter 

Upper ocean currsnts,  as we17 as sur face waves, ore generated by the  
s t r e s s  t h a t  wlndu: t x s r t  on ocean surfaces, As earllev instruments aboard 
a1rcl4aft  and Seasat have shown, a scot te ro~ncter  can irleasure the  smal l-  
s c a l e  roughness o f  a sea surface; and t h e  assocjatad wind veloc.f ty,  o r  
s t ress,  theti can be ca l  cu l  at;ed. Modern oceanographil!: measurements show 
t h a t  ocean cur ren ts  are much more v a r i a b l e  thari t h y  previorls'ly were 
thought  t o  be. An a b i l l t y  t o  obta in wind v e l o c i t i e s  w i l l  permi t  c 6 t i ~ d l a -  
t i on o f  t h e  vel oc l  t i e s  o f  t he  time-dependent , w i  ndn drl ven, upper ocean 
currents; and knowledge o f  those ve lac i  t i e s  w i l l  s u b s t a n t i a l l y  improve 
understandin2 o f  the momentum coup l ing  o f  t h e  atmosphere and oceans. 
Knowledge o f  wind v e l o c i t i e s  a lso  wtl'l improve fo recas ts  o f  such fac to rs  
as wave condl t j o ~ s  and the i n t e n s i t y  and l o c a t i o n  o f  storms. Scat tero-  
m e t e r  d a t a  .would p r o v i d e  a un ique g l o b a l  p e r s p e c t i v e  o f  t he  tideans, 
~ i g n l f i ~ ~ a n t ' l y  improving understanding o f  how the  oceans work; and plans 
f o r  acqu i r fng  the  data are being made poss ib le  by f l i g h t  o f  a sca t te r -  
ometer on t h e  U.S. Navy's Remote Ocean Observing System scheduled f o r  
launch f n  1989. Other p o s s i b i l i t - l e s  inc l i rde f l i g h t  o f  a scattarometer I n  
conjunctl~crn rd t h  the Topography Experiment f o r  Ocean C i  r c u l a t i o n  and w l  t h  
s a t e l l i t e  Instruments t o  be f lown by other agencies such as the National 
Oceanic and Atmospheric Adml n i  s t r a t i o n  and the  Navy. 

The f i r s t  Magnetic F i e l d  S a t e l l i t e ,  Magsat-1, acqui red- for  the  f l r s t  
t ime--deta i led,  global data on the  sca la r  and vector  rnagni tudes o f  Ear th 's  
magnetlc f i e l d .  However, t h a t  f i e l d  undergoes major changes over the  
p e r i o d  o f  a few years due t o  v a r i a t i o n s  I n  t h ~  motions o f  the  Inner  core, 
The p o s i t i o n  of the magnetic pole d r i f t s  westward, but the  r a t e  o f  d r i f t  
i s  not constant. Resul t i  ng uncevtai n t l  es i n  magnetic maps 1 i m i  t the? r 
usefu lness  t o  from three t o  f i v e  years, Ho!*sver, those changes provide 
Informat ion on important and enigmatic p rope r t i es  o f  Ear th such as the  
o r i g i n  o f  t h e  main magnet ic  f i e l d  and i t s  v a r i a t i o n s  w l t h  t f rne; t h e  
s t ruc tu re  and e l e c t r i c a l  p rope r t i es  o f  the  mantle ; magneti c monopal es ; and 
the  relationship among variations i n  t h e  magnetic f i e l d ,  t he  mass 
d i s t r i b u t i o n  a f  t h e  atmosphere, and the  r o t a t i o n  ra te .  The Magnetic F i e l d  
Explorer *.lr.IlS obta ln  sca la r  and vector  f i e l d  data that ,  i n  conjunct ion 
w i t h  data f140m Magsat-1 and the  Geopotentl a1 Research Mission, w i l l  be 
used t o  examine magnetic f i e l d  changes f o r  per jods ranging f rom months t o  
decades, I t  a lso  w i l l  p rov lde  an updated data se t  requ i red  f o r  a f u t u r e  
magneti c f i e l  d survey. 

h. Geopotentlal Research M i  s s i  an 

Accurate know1 edge o f  E a r t h ' s  grav l  ty  and magneti c Fie1 ds i s essent i  a1 
t o  s c i e n t i  fi c studies o f  the  p lanet  , p a r t i c u l  a r l y  those i n v o l  v lny  the  
s o l i d  e a r t h ,  t h e  oceans, and energy and m i n e r a l  resou rces .  E a r t h ' s  
g r a v i t y  f t e l d  i s  known t o  an accuracy o f  5 t o  8 m i l  1  i g a l s  For reso lu t ions  
o f  500 t o  800 ki lometers, and the  geoid (mean ocean sea l e v e l )  t o  an 
accuracy o f  about 50 cent imeters. Those accuracies are inadequate t o  



r e s o l v e  key s c i e n t i  f l c  quos t ions  r e l a t f  ng t o  t h e  mot ion o r  E a r t h ' s  c r u s t  
(mant le  convec t ion )  and t h e  s t r u c t u r e  and c o m p o s ~ t i o n  o f  E a r t h ' s  i n t e r i o r ,  
M a g s a t e l  p rov ided  a rrlap o f  c r u s t a l  magnet ic anomalies that  showed a h i g h  
degree o f  c o r r e l a t i o n  w i  t h  1  arge-scal  e gco log l ca l  and t e c t o n i c  features.  
I l owevc r ,  i t s  o r b i t a l  a i t i t u d e  was t o o  h i g h  t o  y i e l d  a  map w i t h  the 
accuracy and r o s o l u t l o n  r e q u l r e d  f o r  bo th  s o l i d  e a r t h  science and 
geo log i ca l  prospect ing,  Greater  accuracy and r e s o l  ut! on a r e  needed, and 
they  can be achieved only by a miss ion  a t  a  s l g n l f l c z t n t l y  lower  a1ta ' tude.  

The Geopotent ia l  Research M i  s s i on  w l l l  p r o v i d e  t h e  most accura te  
ntodels yet a v a i l a b l e  o f  the g loba l  g r a v i t y  f i e l d ,  geoid, and c r u s t a l  
magnet1 c anomal l e s ,  I t  w i  11 cmpl oy two spdcecraf  t approx imate ly  300 
k i l o m e t e r s  apa r t  i n  t h e  same 160-k i lomete r  c i r c u l a r  p o l a r  o r b i t ,  To 
d e t e r m i n e  t h e  g r a v l t y  f i e l d ,  a drag- f ree  sphere w l l l  be p o s l t l o n e d  a t  t h e  
cen te r  o f  mass o f  each spacec ra f t  in a c a v i t y  t h a t  w i l l  s h i e l d  It from a l l  
s u r f a c e  fo rces  and t h e r e f o r e  pe rm i t  i t  t o  be a f f e c t e d  o n l y  by g r a v i t a -  
t i o n a l  forces.  The r e l a t i v e  mot ion o f  t h e  spheres as t h e y  a re  acce le ra ted  
and d e c e l e r a t e d  w h i l e  pass ing over a g r a v i t y  anomaly w! 11 be a measure o f  
t he  s i z e  and i n t e n s i t y  o f  t h e  anomaly. The accuracy t o  whicii the  p o s i t l o n  
o f  each  sphere i n  t h e  a long- t rack  d i r e c t i o n  can be n~easured by Uopplar 
t r a c k !  n g  w t l l  be 1 lnicrometer per second every  4 seconds, That accuracy 
i n  t h e  Doppler da ta  w i l l  pe rm i t  a n a l y s i s  t o  determine t h e  g l oba l  g r a v l  t y  
f i e l d  t o  approx imdte ly  1 mi l l i g a l  and t h e  geoid  t o  approx imate ly  5 c e n t i -  
m e t e r s ,  bo th  t o  a  r e s o l u t i o n  o f  100 kilometers, E a r t h ' s  magnetic f i k l d  
w i l l  be  surveyed by s c a l a r  and v e c t o r  magnetometers, s i m i l a r  t o  those 
f lown on Magsat, rnounted a t  t h e  end o f  a  r l g l d  boom ex tend ing  from t h e  
1 e a d i  ng spacecraf t .  The maynet lc  f i ~ l d  da ta  w l l l  have an accuracy of  2 
nano les la  and a  r eso l  u t i o n  o f  100 k i l ome te r s .  

I . I n t e r n a t i o n a l  Sol a r  T e r r e s t r i  a1 Phys ics  Program 

T h i s  progratn 's purpose i s  t o  a t tempt ,  f o r  t h e  f i r s t  t ime,  a  q u a n t i t a -  
t i  ve s tudy o f  t h e  cornpl e t e  so l  ar-geospace system. Geospace campri ses t h e  
nea r -Ea r t h  onvi  ronment and cont:ai ns t h ~  near-Ear th  i n t e r p l a n e t a r y  medi um 
and E a r t h ' s  magnetosphere, ionosphere,  and upper atmosphere, Each geo- 
space r e g i o n  has been i n v e s t i g a t e d  i n d i v i d u a l l y ,  b u t  i t  i s  t he  c o l l e c t i v e  
b e h a v i o r  o f  t h e  geospace system1 s h i g h l y  i n t e r a c t l  ve components t h a t  
determlnes t h e  system's o v e r a l l  behav ior .  I n  p a r t i c u l a r ,  an unders tanding 
o f  t h e  behav ior  o f  the e n t i r e  system w J l l  r e q u l r e  measurements i n  the  two 
ma in  energy s torage and t w o  main energy d e p o s i t i o n  reg ions ,  as we7 1 as 
know1 edge o f  s o l a r  su r f ace  and s o l a r  wind fea tu res ,  Thus, t h e  m iss ion  i s  
e n v i  s ioned as a m u l t i  -instrumented spacec ra f t  m iss ion  w i t h  t h e  f o l l o w i n g  
f r lnc t ior ls :  

o The Sol ar-Poi  n t ed  Laboratory ,  s t a t i o n e d  a t  t h e  Earth-sun 1 i b r a t i  on 
po l  n t  - - to  measure s o l  a r  su r face  o s c i  1  l a t i o n s  and deduce s o l a r  f l a r e  and 
s o l a r  wind processes 

o The Solaw Wjnd !.aboratory--to measure t h e  incoming s o l a r  wind, magnet ic 
f i e l d s ,  and p a r t i c l e s  

o The Po la r  Labora to ry - - to  measure s o l a r  wind en t r y ,  i onosphe r i c  plasma 
ou tpu t ,  and d e p o s i t i o n  o f  energy i n t o  t h e  n e u t r a l  atmosphere a t  h i gh  
l a t i  tudes  



o The Equator ia l  Laboratory--to measure so la r  wlnd erltry at; the  sunward 
nose o f  t he  magnetosphere and the t r anspor t  and storage o f  energet ic  
plasma i n  the  equator la l  r l n g  cd r ren t  and ncar-Earth plasma sheet 

o The Geota i l  Laboratory--to llleasure s o l a r  wind e n t r y  and the 
dcco le ra t l  on, t ranspor t ,  and storage o f  plasma i n  the  geomagfieti c t a i  1 

o The Mu1 t i  p o i n t  plasma laba ra tu ry - - to  study the s p a t i a l  and temporal 
behaviors of  sma l l  -scale plasma processes, i n c l u d i n g  magnet1 c merging. 

Future Thrusts, FY 1990-1 994 

I n  t h e  decade o f  t;Rs 1990s, t he  Ear th  s tud ies  program w i l l  i n v e s t i g a t e  
1 ong-term p l ~ y s i  c a l  , che~nical , and b l a l o g i c a l  t rends and changes I n  Ear th 's  
env i  ronment, $ n c l ~ r d i n g  Earth 's  li thosphere, atmosphere, magnetosphere, land 
masses, and oceans. I t  w i l l  study the e f f e c t s  o f  na tura l  and human a c t i v i t i e s  
on E a r t h ' s  env i ronment  by measur4ng and mode l i ng  t h e  chemicaT cycles r ~ f  
n u t r i e n t s  and w f l l  provida improved models f o r  es t imat ing  the Puliure e f f e c t s  
o f  hllmans and o ther  species on Ear th ' s  b i o l o g i c a l  productivity and habi ta-  
bl I I t y .  It w i l l  use space dnd s l iborb i ta l  observations, land- and sealbased 
nieasuren~ents, labora tory  research, and support ing da ta  management technologies 
over  ten  years o r  more, The space measurements t o  support tihe program w i l l  
tlequire a space stat lor ;  p o l a r  p l a t f o r m  ab le  t o  s ~ p p o r t  a v a r l e t y  o f  remote 
s e n s i n g  i n s t r u m e n t s ,  A concept  f o r  such a p l a t f o r m  i s  under s tudy .  I n  
addl t l o n ,  p la t fo rms f o r  a c t i v e  plasma experiments and f r e e - f l y e r s  f o r  i n  s i t u  
measurements w i  1  l be requi red. 

E, L i  f e  Sciences 

The a i rn  o f  t h e  L i f e  Sciences program i s  t o  achleve two o f  the major goals 
o f  the nat iona l  spacs po l i cy :  t o  e s t a b l i s h  a more permanent human presence i n  
space, u t i l i z i n g  the  space s t a t i o n ,  and t o  conduct a vlgorous progran! o f  
s c i e n t i  f i c  reszarch i n  space. Inhouse l a b o r a t o r i e s  and u n i v e r s i t y  s c i e n t i s t s  
f mplemcnl those j oa l s  by conduct ing both ground-based research and s ace-based R research us ing manned and unmanned vehic les.  Since i t s  Incept ion,  t e program 
has had pr imary r e s p o n s i b i l i t y  f o r  onsur lng the  hea l th  and wel l -being of 
spacef I i ght  crews. In addl t i  on, i t  sel  e c t i  ve l  y advances know1 edge o f  
fundamental b i o l o g i c a l  processes a t  the  cosmic, globa'l , and otgani  smi  c l e v e l  s. 

1 . Objectives 

I n  p u r s u i t  o f  the two goals mentioned above, the program has adopted t h e  
f o l l o w i n g  ob jec t i ves :  

o To prov ide  medical care and f i l l  requirements f o r  l i f e  support t o  
spacecraft  crews I n  the Space S h u t t l e  and space s t a t i o n  

o To dev ise  prevent ive and therapeut ic  measures t o  counteract unt;owarcl 
e f f e c t s  o f  spacef l igh t  t h a t  might a f f e c t  t h e  hea l th  and performance o f  
crew members i n  the Space Shu t t l e  and space s t a t i o n  

o To d e t e r m i n e  how l i f e  began on E a r t h  and what i t s  d i s t r i h u t l o n  
throughout the  cosmos may be 



o To c h a r a c t e r i z e  t h e  r o l e  o f  l i f e  i n  processes t h a t  a f f e c t  the t e r r e s -  
t r i a l  environment on a global  sca le  

o Ta determine and cha rac te r i ze  t h e  e f f ec t s  o f  g r a v i t y  v a r i a t i o n s  on 
organ! sins. 

The L f f e  Sciences program concentral.i+s i t s  research on two i n t e r r e l a t e d  
d l  s c i  p l  .I nes , medical s c i  ence and bf ~ 1 ~ .  . . : n l  science. The ~ned i  c;al s c l  ences 
must adr l r~s i ;  promptly any problefi f :  ti\& rrri se i n  S h u t t l e  opera t ions  and those 
a n t i c i p a t e d  t o  a r i s e  i n  space station miss lnns.  Because ; ; problems can he 
studied most e f f e c t i v e l y  through J n r l i g h t  exper imentat ior . ,  p;.Pgress i n  t he  
1 i  fe sciences depends t o  a cons iderable e x t e n t  on the ava i l ab ,  I ty  o f  f l i g h t  
opportuni  t i e s  

Foremost among itnmedi a t e  problems i n ~ n ~ d i  c a l  s c i  encc! are t h e  anorex i  a, 
~.'oinlting, and ma1 a i  se t h a t  cha rac te r i ze  the spacf! adap ta t i  cn syndrome. 
Addl t l  onal problems 1 nvo l  ve spat1 o- ten~por i l l  i 11 us ions and card iovascu la r  
chivges t h a t  sometimes a f f e c t  crew members d u r i n g  t h e l r  r e t u r n  t o  Ea r th  and 
proble~ns assoc ia ted w i t h  den i t rogen i  z i  ng crew members before they  engage i n  
e x t r a v e h i c u l a r  act4 v i  ty. Den1 t r o g e n a t i  on must be made more convenient and 
l e s s  1 I ke'ly t o  causc subsequent dysbar l  sm (bends). 

With regard  co problems r e l a t e d  t o  f u t u r e  missions, f nc lud ing  those on t h e  
w a c e  s t a t l o q ,  qeans must be found t o  p r o t e c t  crew members from the  e f f e c t s  o f  
exposure t o  r a d i  a t 1  on, p a r t i c u l a r l y  h i  gh-energy, niul t i  charged, heavy ions.  
Measures must be developed t o  m i  t i g a t e  the l o s s  I n  f l i g h t  o f  bone and nius~le, 
And, because t h e  presence o f  female as t ronau ts  on crews i s  becoming rou t i ne ,  
d i  f fa rences  i n  the1 r endocr i  no log+sa l  , musculoskeleta l  , car<iovascul  a r  , and 
u rogen i t a l  systems and i n  t 9 e i r  respovses t o  dysbarism and radiat ;  ,on must be 
understood and accommodated, 

Enhancing t h e  i n - o r b i  t c a p a b i l i t i e s  o f  Shuat t le  and space s t a t i o n  crews 
r e q u i  r e s  improvement  in s p a c e c r a f t  habqi t a b i  11 t y  and o p t j r n i  r a t 1  on o f  t h e  
i n t e r a c t i o n  between humans and mact~!tles. A1 so, phys i  cochemi c a l  o r  b i o l  og i  c a l  
r e g e n e r a t i  on o f  oxygen, watera,  and u l t i m a t e l y  f o o d  aboard  s p a c e c r a f t  ! s 
essent i  a1 t o  t h e  c r e a t i o n  o f  mi croenvf ronments ab le  t o  sus ta l  n humans e f f i  c i  - 
e n t l y  forp  l o n g  per iods o f  t ime.  

The b i  01 og i  ca l  sciences seek u;?derstand.l ng o f  t h e  na tu re  o f  1 i fe--1 t s  
past ,  present ,  and future--and o f  1 i f e ' s  r e l a t i o n s h f  p w i t h  i t s  environment. 
Since l i f e  i s  a product  o f  a selries o f  phys i ca l  2nd chemlcal processes t h a t  
s t a r t e d  w i t h  t h e  beg inn ing  o f  the  un iverse ,  research on a cosmic sca le  i s  
f0cus.d on l i f e ' s  r e l a t i o n s h i p  w t t h  t h e  un iverse.  On a g loba l  scale, l i f e  i s  
viewed as a rnodul a t i n g  f o r c e  governing the complex c y c l i n g  o f  n a t c r i a l s  and 
e w r g y  throughout  t h e  b i  osphere. 017 an organi  srni c sca le ,  emphasi s i s p l  aced 
on understanding how l i v i n g  systems have adaptsd t o  var ious  evol  utionar;' 
forces, espec-i a1 ly g rav l  t y  . 

Under '<tandi  ng t h e  o r i  g in ,  evol  u t i  on, and d l  s t r l  but ib . ,  of 1 i fe and '1 S f e -  
re1 d ted malecul  es, on E a r t h  and tkrotrghuut t h e  universe,  requ i  res  c o r r e l a t i o n  
o f  ground-based s i  rnulat ions o f  p,rr?bi o t i  c env i  r'onl~lents w i t h  observat ions o f  
e x . t r c t e r r e s t r i  a1 mat te r  such as p l a n e t a r y  sur'r'aces and atmospheres, i n t e r -  



s t e l l a r  molecules, meteori tes, comets, and cosmic dust. The r o l e  o f  Ear th 's  
b l o t a  i n  cyc l i ng  ma te r ia l s  through the  biosphere i s  i nves t i ga ted  by measuring 
b i  ogeochemlcal c y c l e  para~neters i n  the  f ie1 d and then dsvel oping sensing 
technlquss f o r  making s lm i l  ar measurements or: a qlobal  scale remotely from 
space. Determining the phy s l o l o g i c a l  e f f e c t s  o f  g r a v i t y  , or  lack  o f  g r a v j l y  , 
on organ1 sms rsqu i  res  spacef 1 i ght v e r i  f i  cat1 on o f  l~ypotheses developed us ing  
Earth-based zero-grav i ty  s imulat ion models, 

Ground-based research and technology development c o n s t i t u t e  the  i n i t l a 1  
approach I n  each program element, w i t h  a l l  elemerrts us lng  space f l j g h t s  t o  
v e r i  fy hypotheses and resu l t s .  

3. Current Program 

a. Medical Sciences 

The Med ica l  Sciences p rog ram i s r e s p o n s i b l e  f o r  c e r t i  f y i n g  crew 
members and maln ta in lng  t h e i r  h e a l t h  and career longev i ty ,  It inc ludes  
p r e f l i g h t  and p o s t f l i g h t  medical examination, i n f l i g h t  hea l th  moni tor ing,  
and p r e f l i g h t  t r a i n i n g  o f  crews i n  onboard emergency medical procedures, 
I n  preparing fo r  the  space s t a t i o n  i t  must assess occupational hazards 
associated w i t h  space-based i n d u s t r y  and devf se prevent ive and therapeut ic  
measures For coping w l th  them* 1t a l so  must improve ground- and space- 
h s e d  c l - i n i  ca l  operations, devsl oping procedures su i  tab1 e f o r  persons 
working i n  space, 

Development o f  e f f e c t i v e  countermeasures t o  card1 ovascul a r  decondi -. 
t i  on i  ng depends on understandi ng the under ly ing phys'i 01 ogy. To extend 
t h a t  understanding, experiments on Spacelab 4 w i l l  measure cen t ra l  venous 
p ressu re  and baroreceptur s e n s i t i v i t y .  E x i s t j n g  countermeasure devices, 
such as a n t i g r a v i t y  su i ts ,  programmed exercises, and f l u i d  loading w i t h  
and without medication, w i l l  cont inue t o  be e v a l m t e d  on Shu t t l e  missions 
t o  determirle t h e  l i n ~ i t s  o f  t h e i r  ef fect iveni lss.  The relevance t o  humans 
o f  myocat*di a1 changes observed i n  experimerrtal animal s w i  11 be assessed, 
and defects i n  the r e f l e x  c o n t r o l  o f  c l r c u l a t i o n  t h a t  poss ib ly  con t r i bu te  
t o  cardiovdscul a r  decondi-t i  on i  ng w31 1 be character ized. 

W t e r  ways a re  being sought t o  measure t h e  acute phys io log ica l  and 
p s y c h o l o g i c a l  phenomena t h a t  appear dur ing  t h e  f i r s t  two t o  th ree  days o f  
welghtlessness. Several t e s t s  o f  ves t i bu la r  f unc t i on  w i l l  be conducted on 
Spacelabs D-1 and 4; and both *iofeerfback rneAods and improved pharmaco- 
l o g i c a l  agents fo r  contro l1 i n g  motion sickness symptoms w i l l  be t es ted  on 
Spacelab 3. The problems associated w i t h  n o t i o n  sickness w i  11 cont inue t o  
r e c e l  ve major emphasis u n t i  1 they are understood and success fu l l y  t rea ted  
or prevented, 

The phys io logy  o f  bone deminera l i za t ion  i s  under study. Nork i s  i n  
p rocess  t o  develop non-invasi ve techniques fo r  measuring mineral content 
a n d  bone r ' l a s t i c i t y ,  Exper iments  a r e  b e i n g  p lanned f o r  f l i  g h t  on 
Spacelabs 2 and (9 t.o i n v e s t i g s t g  hormonal con t ro l  o f  calcium metabol i  srn 
and t h e  k i n e t i c s  o f  calcium absorpt ion, The p r o b a b i l i t y  o f  musculo- 
ske l  eta1 9.ystem darnage 1 s higher  on 1 ong-term sp?ce s t a t  i cln m i  ss i  ons than 
an short-term Shu t t l e  missions . I*loreover, s i  nee hypercal cemi a, k idney 
s t o n e s ,  and r e n a l  damage a r e  p o s s i b l e  on m i s s i o n s  o f  any dut la t ion,  



appropr iate treatment regimes must be developed, A c l e a r e r  understand1 ng 
i s  needed of whether t h e  bone l oss  experfenced by humans dur ing  s  ace C f l 1 i gh t  i s  c o r t i c a l  or  t rabecu l a r  o r  both, and whether bone and lnuscle oss 
and recovery rates vary w i t h  age and sex. Ground-based and i n f l i g h t  
research  i s  i n  process t o  i d e n t i f y  the changes space f l i g h t  causes I n  red 
b l  uod c e l l  s , body water, e l e c t r o l y t e s ,  hormones, b l  osynthesi s and 
breakdown of muscle prntedn, and the  ;mmunologl :a1 capac i ty  o f  a  human 
body i n  space t o  cope w i t h  i n f e c t i o u s  agents. 

Greater understanding o f  respl  r a t l a n  i n  space and i t s  r e l a t i o n s h i p  t o  
ca rd iovascu la r  and other  functtons I s  needed. So t h a t  b e t t e r  cabin and 
spacesuit atrnosplreres can be provided, understandlng a l s o  i s  needed of the 
e f f e c t s  o f  changes i n  bo th  pulmonary f u n c t i o n  and b lood  per fus ion  on crew 
members' el i m i n a t l  on of i n e r t  gas from t h e i  r bodies be fore  decompression 
f o r  ex t raveh lcu l  a r  a c t l v i  ty. Both ground-based and i n f l  -l ght  analysas o f  
procedures t o  prevent bends are requi red.  

Studl es t o  improve r a d i  at1 on dosimetry and t o  charac ter i  ze the 
rad ia t i on  environment i n  space are under way, as are r a d i o b l o l o g i c a l  t e s t s  
o f  t h e  e f f e c t s  o f  h i  gh-energy, mu1 t i c h a r g e d  p a r t f c l  es though t  t o  be 
components o f  cos~riic rays. Work a lso  i s  under way t o  determine sh ie ld ing  
requirements and the  sh ie ld1  ng charac ter i  s t1  cs o f  spacecraf t  rnateri a1 s. 
High-incl  i n a t i o n  and p o l a r  o rb f t  f l i g h t s  Snvolve greater  exposure t o  so la r  
p a r t i c l e s ,  ga lac t i c  cosmic rays, and, i n  p a r t i c u l a r ,  t h e  h i  gh-energj, 
mult icharged, heavy i ons  : i l l l ed  HZ€ p a r t i c l e s .  H igh -a l t i t ude  f l i g h t s  i n  
el 1  i p t l  ca l  and geosynchronous orb1 t s  have subs tant ia l  l y  J ncreased exposure 
t o  the  geomagnetically t rapped r a d i a t i o n  b e l t s  and t o  s o l a r  p a r t i c l e s  t h a t  
a lso produce HZE p a r t i c l e s .  Understanding o f  the e f f e c t s  o f  HZE p a r t i c l e s  
must be Improved. 

Research i n  psychology and human performance explores the e f f e c t s  o f  
n u t r i t i o n ,  mot ivat ion,  pe rsona l i t y ,  and group cornpositlon an i n d i v i d u a l  
performance and on smzll -group i n t e r ~ c t i  ans . Assessment i s  needed oi the  
c f  fects  o f  cambi ned st resses and a1 t e r e d  physi 01 ogi  ca l  s t a t e  on p e r f o r -  
mance, in fo rmLt ion  processing, deci s ion making, motor c o n t r o l ,  and i n t e r -  
act ions w i t h  spacecraft systems. So t h a t  more e f f e c t i v e  count~rmeasures 
t o  s t r e s s  can be developed, the  research w i l l  be d i r e c t e d  toward eval ua- 
t i o n  o f  t h e  e f f f c l e n c y  o f  i n d i v i d u a l s  under the  i n f l u e n c e  o f  adapt ive 
physio l  og i  ctzl processes i n  t h e  space ei:vi ror~ment and o f  t he  1 ndi v i  dual s' 
overt  behaviora l  responses. 

The  a b i l i t y  o f  a s t r o n a u t s  t o  work i n  space s u i t s  and use remote 
man1 pul  a t o r s  w i  11 be expanded by devel opment o f  addi t i onal hardware; and 
b e t t e r  personal hygiene systems, s1 eep s ta t ions ,  and equipment f o r  
~non i to r i ny  medlcal , phys io log ica l  , and envi ronmental sa fe t y  w i l l  be 
deve loped .  Means w i l l  be sought t o  improve s p a c e c r a f t  f o o d  supp ly  
systems, w i t h  p a r t i c u l  a r  a t t e n t i  on t o  new prepara t ion  and presarva t i  on 
techniques; and research on the  use o f  b i o l o g i c a l  processes t o  regenerate 
f o o d  and t o  c o n t r o l  e n v i r o n m e n t a l  c o n d i t i o n s  aboard  s p a c e c r a f t  w i l l  
continue. 





remote sens ing t o  u p d ~ t e  e x i  s t i n g  vege ta t i on  and 1  and-use tr,,,ps, techniques 
f o r  recogni  z i n g  ecosystem borders ,  and methods f o r  deter ln in ing biomass 
t y p e s  and e x t e n t ;  c o r r e l a t i o n  of measured f l u x e s  o f  ground gases w i t h  t h e  
t ype  o f  ecosyster:~ and so l  l produc ing  t h e  gases; and developn~ent;, f o r  
s e c i  f i c  t y p e s  o f  ecosystems, o f  comprehensl ve s t r a t i  f l e d  measurement; 
t !I s t  i ncnrporntr ;  ground t r u t h  measurements, a i  r c r a f t  measurements, and 
s a t e l l i t e  obsei.vat.tons, a1 1  c o r r e l a t e d  and i n t e g r a t e d  through mu1 ti - 
dimensional c o ~ ~ ~ p u t e r i  zed models . 
(3)  G r a v i t a t i o n a l  B i  o'logy 

G r a v i t a t i o n a l  B io logy ,  f o r m e r l y  Space B io logy ,  dea l s  w i t h  p h y s l o l o g i -  
c a l  response t o  t h e  f u l l  range o f  g r a v i t a t i o n a l  fo rces ,  f rom m i c r o g r a v i t y  
t o  g r a v i t i e s  g r e a t e r  than  one. The program seeks t o  Inc rease  understand- 
i n g  o f  how g r a v i t y  a f f e c t s  l i f e  on E a r t h ,  I t  has t h e  f o l l o w i n g  
o b j e c t i v e s :  t o  understand how organisms pe rce i ve  g r a v i t y  and t r a n s m i t  
t h a t  unders tanding t o  respons i  ve s i  tes ;  t o  determine t h e  r o l e  o f  g r a v i t y  
i n  reproduc t ion ,  development, and matu ra t ion ;  t o  e l u c i d a t e  tl'te e f f e c t  o f  
g r a v i t y  on form, f unc t i on ,  and behav ior  o f  organisms; and t o  determine how 
t h e  absence of g r a v i t y  i n  space a f f e c t s  1Sving systems. A1 though l i m i t e d  
so f a r  i n  numbers and conip lex l ty ,  space exper iments have conf i rmed t h e  
sensi tJ v i  t y  t o  g r a v i t y  of c e r t a i n  b i o l o g i c a l  systems and processes. 

A nea r - t e rm  o b j e c t i v e  of the  program i s  t o  ident i fy  t h e  organs for 
p e r c e i v i n g  g r a v i t y  and how thuse organs f unc t i on ,  P a r t i c u l a r l y  needing 
c h a r a c t e r i z a t i o n  a re  t h e  g r a v i t y  sensors o f  p l a n t  and animal cel ls  and t h e  
r o l e  o f  c a l c i u m  .in g r a v i t y  pe rcep t i on  and n~ed ia t i on .  I n  a d d i t i o n  t o  
h a v i n g  fundamental s c i e n t i f i c  importance, such sub jec t s  a re  r e l e v a n t  t o  
manned s p a c e f l i g h t  and t o  t h e  use o f  p l a n t s  i n  advanced l i f e  suppor t  
systems, Another o b j e c t i v e  i n  t h e  nex t  few yea rs  wi 11 be t o  determine t h e  
i n f l u e n c e  o f  g r a v i t y  on f e r t i l i z a t i o n ,  development, and matu ra t ion  01 
o r g a n i  sms. F l i g h t  exper iments w i l l  be r e q u i r e d  f o r  t h e  a t ta inment  o f  a l l  
those  o b j e c t i  ves, and proposal  s  have been s o l i c i t e d  f o r  exper iments t h 3 t  
can t a k e  advantage o f  t h e  a v a i l a b i l i t y  o f  mid-deck space on t h e  Shu t t le .  
F a c i l i t i e s  such as c e n t r i f u g e s  and con ta i ne rs  for animal and p l a n t  species 
must be developed t o  p r o v i d e  f o r  m a i n t a i n i n g  and man ipu la t i ng  t h e  t e s t  
organisms d u r i n g  f l i g h t .  Plans a l s o  a r e  be ing  developed t o  conduct, on 
t h e  space s t a t i  on, g r a v i  t a t i  onal  b i o l  ogy exper iments t h a t  requ! r e  much 
longer  d u r a t i o n s  i n  we1 g h t l  essness. 

c .  -. Lf f e  Ec i  ences F l i g h t  Experiment Program 

Ach ievement  o f  t h e  o b j e c t i v e s  o f  b o t h  t h e  M e d i c a l  Sc i ences  and 
B i  a1 ogi  c a l  Sc i  ences programs depends on t h e  a v a i  1  abf 1  i ty  o f  f l  i ~ h t  
o p p o r t u n i t i e s .  The f l i g h t  o b j e c t i v e s  and i n s t r u m e n t a t i o n  requirements o f  
t h e  Exobi 01 ogy arid B i  o s p h ~ r i  c Research programs a r e  cl ose ly  i n t e g r a t e d  
w i t h  those o f  t h e  p l a n e t a r y  and Ear th obse rva t i on  programs conducted by 
c t h e r  d i v i s l b n s  i n  t h e  O f f f  ce of Space Science and App l i ca t i ons .  The 
p r i n c i p l e  means f o r  achieving t h e  o b j e c t i v e s  of t h e  Medical  Sciences and 
G r a v i t a t i o n a l  B io logy  programs i s  t h e  L i f e  Sciences F l i g h t  Exper bent 
Program, a mu1 t i m i  ss ion  program encompassing Space1 ab f l i g h t s  dedica:ed t o  
1 i f e  scierlce i n v e s t i g a t i o n s ,  Spacelab f l  i g h t s  shared w'i t h  par tners ,  exper- 
iments on t h e  S h u t t l e ' s  mi d-deck, and i nves t f  ga t i ons  on Shu t t l e -1  aunched, 
f ree- f  l y i  ny spacecra f t .  That program w i  11 p rov i de  f o r  i n v e s t i  g a t i  ons o f  



t h e  e f f e c t  o f  the space environment on biological systems t h a t  cannot be 
performed on the  ground, w i t h  emphasl s on character4 z i  ng and underslandi ng 
t h e  problems o f  humans f n  spacef l igh t .  A major feature o f  t h e  program I s  
development o f  an inventory o f  Spacelab equipment that; c ,#  be flown on 
many mfss ions ,  s e r v i n g  t h e  needs o f  seve ra l  i n v e s t i g a t i o n s  on each 
mission, The program4s near-term object1 re i s  t o  f l y  dedicated Spacelab 
m i  s s l  ons a t  approximately two-year i n t e r v a l s .  Dedicated r~li ssions niaximi ze 
t h e  number o f  t ntegrated exgertments fiown, thus permi t t J n g  extensive, 
stmultaneous measurelnents on a l i m i t e d  set o f  spectmens. That broad 
coverage p r o v l  des oppor tun i t ies  f o r  c o r r e l  a t i  ng measurements from d i  verse 
experimerits t o  character ize the  b i o l o g i c a l  e f f e c t s  o f  zero g rav i t y ,  

L i f e  science experiments f l e w  on the  second and t h i r d  Shu t t l e  f l i g h t s  
and on Spacelab 1, and w i l l  f l y  ,n  Spacelab 2 and Spacelab 3, The f l r s t  
f l i g h t  dedicated t o  1Sfe sclenr i nves t iga t ions ,  Spacelab 4, i s  scheduled 
f o r  launch I n  l a t e  1985. It and subsequent dedicated f l i g h t s  w i l l  carry 
approximately 15 t o  20 experiments each. EfforCs a l so  are under way t~ 
arrange f o r  the  f l i g h t  o f  th ree racks o f  l l f e  sciences inves t iga t i ons  on 
Spacelab 3. 

Potent1 a1 New I n f  t i  a t i  ves, F Y  1985-1 989 

The need f o r  new l i f e  sciences i n i t i a t i v e s  ar ises  from the f a c t  t h a t  
Shutt le operat i  ons w i  11 requi r e  the  presence i n space of unprecedented numbers 
o f  humans, f r o m  plans t o  develop a space s ta t i on ,  and f rom plans t o  e x p l o i t  
f u l l y  NASA's a b i l  i ty  t o  expand fundamental underst,nding o f  major s c i e n t i f i c  
quest ions about 1 i w i  ng systems. 

a. Medical Care and Health Mair?tenar!ce i n  f pace 
-7 

The a b i l i t y  t o  m a i n t a i n  h e a l t h  atrd p r o ~ i G ;  adequate medical  and 
s u r g i c a l  care w i l l  be required i f  t h ?  ~ , a t ~ r o n  'is t o  succeed i n  deploying 
and uafng  the space s ta t ion .  Expansion t h e r e f o m  1 s  planned a f  e f f o r t s  t o  
develop medical measures against  the  adverse e f f e c t s  o f  long-terin 
weightlessness, t o  pro tec t  crew members i n  orb1 t aydinst  r a d i a t i o n  damage, 
and t o  evacuate i n ju red  and s ick  crew members, 

Advanced Crew Support 

Technology w i l l  be developed for  the 1 i fe-support and ex t raveh icu lar  
a c t i v i t y  systems o f  che space s ta t i on ,  and human-system design research 
w i l l  be expanded t o  develop ob jec t i ve  methods f o r  determining the  most 
e f f e c t i v e  ways f o r  humans t o  func t ion  i n  space. Construct ion and i n f l f  ght 
e v a l  u a t i  on w i  11 be undertaken of prototype modular subsystems f a r  tila 
Control  1 ed Ecological L i f e  Support System, 

c. Human Performance i n  Space 

Enhancement o f  the p r o d u c t i v i t y  o f  humans p a r t i c i p a t i n g  i n  fu tu re  
space miss ions w i l l  he achieved not  only hy improving t h e  hab ! tab i l i t y  of 
space vehicles, but a lso by improving the  a b i l i t y  o f  humans t o  use the  
machi nes a t  their disposal . Other f a c t o r s  t h a t  w i  11 be i n v e s l i  gated are  
t h e  psychological compati b i l  i ty  o f  crew members and the e f f e c t s  o f  socia l  



i so l  a t l on ,  sensory d e p r i  va t lon ,  command and c o n t r o l  s t r uc tu res ,  and 11 o t i  - 
va t i ona l  Factors on human p roduc t i  v l l y .  

d. M i  d-Deck Fl i ght  Experiments 

A c t i v i t y  i s  i n  p r o c e s s  t o  t a k e  a d v a n t ~ g e  o f  S h u t t l e  f l i g h t s  f o r  
research and exper imentat ion i n  b o t h  t h e  Medical Sciences and the  
Biolog3cal Sciences. Spacelab c a p a b i l i  t i e s  w i l l  be i n d l  spensi b l e ,  and t h e  
S h u t t l e  mid-deck w l l  l prov ide  f r equen t  f l i g h t  oppo r tun i t i es .  Research 
equipment based on Spacelab exper ience and s u i t a b l e  for- mid-deck use i s  
b e i n g  developed, It w i l l  make p o s s i b l e  a v igorous program o f  s impler ,  
r e1  a t i  v e l y  1  ow-cost , medical and b i a l  o g l  c a l  mid-deck experiments t h a t  a re  
expected t o  t o t a l  up t o  t e n  l n v e s t i  ga t i ons  per  year s t a r t i n g  i n  FY 1985, 

Space S t a t i o n  Module, Phase I 

The space s t a t i o n  w t l l  p rov ide  t h e  f i r s t  oppo r tun i t y  f o r  work w i t h  
animal s, p lan ts ,  and exper imenta l  equl  pment i n  k~e igh t lessness  f o r  p e r i  ads 
o f  months o r  more. Plans t o  take  advantage o f  t h a t  oppo r tun i t y  i n c l u d e  
development o f  a mcdul? t o  support  s t ud ies  o f  changes i n  phys io l og i ca l  
f u n c t i o n s ,  such as ca ~ i u m  excre t ion ,  and in adapta t ion  as a  f u n c t i o n  o f  
i nc reas ing  l eng th  o f  exposure t o  weight lessness. The module a1 so w i  11 
s u p p o r t  s tud ies  o f  t h e  use o f  a r t i f i c i a l  g r a v i t y  as an a l t e r n a t i v e  t o  
b iomed ica l  c6untermeasur'es and OF t h e  possl  b l  e e f f e c t s  o f  weight lessness 
on devel oprnent . Th i s  f i  r s t  phase i n c l  udes development o f  an! ma1 -support  
and data-co l  l e c t i o n  systems needed f o r  those s tud ies  and o f  f a c i  1  i t i e s  f o r  
t e s t i n g  new equipment on t h e  space s t a t i o n ,  

f. B iospher ic  Research, Phase I 

The focus  o f  t h i s  phase of  the  program w i l l  be model ing s tud ies  t h a t  
use a v a i l a b l e  da ta  t o  fo rmu la te  hypotheses about t h e  behavior o f  t h e  
b i o s p h e r e  as an i n t e g r a t e d  system. Remote s e n s i n g  d a t a  f r o m  NASA 
s a t e l l i t e s  w l l l  p l a y  a  k ~ y   ole i n  t e s t s  o f  t h e  hypo theses  and i n  
suppor t ing  worldwide f i e l d  t+esearch. Plans i n c l u d e  development o f  models 
o f  i nd i  v i dua l  biogeocherni cal cyc les  and o f  ana l ys i  s techniques i n  four 
a reas :  t h e  a rea l  e x t e n t  o f  l and  use and t h e  r a t e s  o f  change o f  biomass, 
a s  d e t e r m i n e d  f r o m  remote  s e n s i n g  d a t a ;  b i o g e n i c  gas f l u x e s  and t h e  
f a c t o r s  t h a t  a f f e c t  them; i n  s i t u  mon i t o r i ng  o f  e c o l o g i c a l  processes; and 
i n t e r p r e t a t i  on o f  t h e  sedimentary f o s s l l  record  t o  t e s t  hypotheses about 
modern proce5;es. 

g. B iospher ic  Research, Phase I I  

If Phase I o f  t h e  B iospher ic  Research program proceeds as expected and 
shows p r o m i s e  o f  success ,  Phase 11  w i l l  be i n i t i a t e d  t o  f o r m u l a t e  a 
comprehensive model f o r  desc r i b i ng  and p r e d i c t i n g  b i  ogeochemical processes 
a c c u r a t e l y  on a  g l o b a l  sca le .  Phase I 1  a l s o  w i l l  e s t a b l i s h  i n  s i t u  
devices f o r  mon i t o r i ng  b i o l o g i c a l  and chcnii ca l  processes ; c o r r e l a t e  remote 
sens ing data w i t h  ground-based measurements t o  mon i to r  t h e  ex ten t ,  r a te ,  
and s i g n i f i c a n c e  o f  env i  ron~nenta l  changes ; and e s t a b l  i sh a b iospher i  c da ta  
network f o r  i n f o r m a t i o n a l  , a r c h i v a l  , a n a l y t i c a l  , and general uses, Used 
i n  c o n j u n c t i o n  w i t h  g l oba l  data on t h e  oceans, atmosphere, and land, t h e  



r e s u l  t I ng data base w i l l  be a key e l  elnent i n  develop! ng an understanding 
o f  Earth as a system, 

h a Exoblol  ogy Pay1 oads 

Any m i  ss lon outsblde Earth 's  lmmedl a t e  envf ronment prov ides opportunf - 
t i e s  t o  gather data important f o r  understandfng chen~lcal evo lu t i on  and the  
o r i y i n  of' l i f e *  Missions t h a t  are o f  p a r t i c u l a r  i n t e r e s t  Inc lude cometary 
m i  ssfons , t h e  Mars Geoscience and Cl imatology Observer, and t h e  T i tan  
Probe and Radar Mapper. So t h a t  xhose and other  a n t i c i p a t e d  oppor tun i t i es  
call be taken advantage o f ,  t h i s  i n i t i a t i v e  w i l l  develop m in ia tu r i zed  
instruments f o r  chemical ana lys i s  o f  e x t r a t e r r e s t r i  a1 env i  ronrnents. Those 
I nstrurnents w i  11 inc lude gas chromatographs, combined gas chromatograph- 
mass spectrometers, and remote sensors such as microwave spectrometers. 

1 . Search f o r  Ex t l -a te r res t r i a l  I n t e l  1 i gence 

A l ow- leve l ,  f ive-year e f f o r t  was I n i t i a t e d  i n  FY 7983 t o  de f ine  the  
i nstrumentat lon needed f o r  ana ly r f  ng r a d i o  s igna ls  i n  tha microwave region 
o f  t h e  electromagnetic spectrum. The next  phase o f  t he  program w i l l  
cons i  s t  o f  ac t  i ve searches w i t h  t h e  r e s u l t i n g  equipment. Consequent;l.y , 
t h e  b u l k  o f  t h e  program's  e f f o r t  f i r s t  w i l l  go i n t o  des igna ing  and 
cons t ruc t f  ng s e n s l t i  ve, mu1 t i  channel spectrum analyzers and s f  gnal- 
processing equipment and then i n t o  c a r r y i n g  out a comprehensive search 
program w i t h  t h a t  equlprnent a t  exi  s t i n g  radiote lescope sf t e s ,  

5. Possib le I n i t i a t i v e s ,  FY 1990-1994 

a. Regenerative - L i  f e  Support Systems 

By the  end o f  the 1980s, a breadboard Control  l e d  Ecological  L i f e  
Support  System w i l l  be a v a i l a b l e  f o r  ground-based t e s t i n g .  It w i l l  use 
"conventf onal " advanced 1 i f e  support technology and a1 so u l o l o g i c a l  
subsystems. It w i l l  a l low development o f  an operat lonal  system f u r  use on 
longer  missions du r ing  t h e  e a r l y  1990s. 

b. Space S ta t i on  ----. Emeriment Module, Phase I 1  

Thf s phase o f  the  program w i l l  p rov ide  the  L j f e  Sciences Space S ta t i on  
Experiment Module, a pressurized 1 aboratory t h a t  w i l l  be attdched t o  the 
space s ta t i on .  The Module wf 1 1 prov ide  1 ong-durat i  on exposure o f  animals 
t o  wef ghtlessness t u  val ida te  model s developed i n  connect ion w i t h  Space1 ab 
miss ions .  I t  w i l l  use models based on experiments w i t h  animals t o  explore 
impor tan t  human problems fu r the r ,  and a l so  w i l l  charac ter ize  the  e f f e c t s  
o f  wei yhtlessness on hu~nans and o the r  b i o l o g i c a l  systems. 

c. - B i o s ~ k e r i c  - a t *  Research, Phase 111 

The establ ishment o f  i n  s i t u  sensors on Earth and a remote-sensing 
d a t a  system i n  Phase 11 o f  the  program w i l l  be fo l lqwed i n  t h i s  phase by 
t h e  use o f  data re lay  s a t e l l i t e s .  Also, specia l  p rov i s ions  i n  Earth- 
1 o o k i  ng s a t e l l i t e s  w i l l  opt imize t h e i r  y i e l d  o f  b i o l o g i c a l  'information. 
When comprehensive global data a r e  ava i lab le ,  i t  1 1  be poss ib le  t o  
e v a l  uate b i o l o g i c a l  in f luences on g loba l  processt s and the  s e n s i t i v i t y ,  



r a t e ,  extent ,  and s i y n i f ~ c a n c e  o f  changes I n  t h e  b i o t a  as a  func t fon  o f  
envi ronmental p e r t u r b a t j  ons, 

d .  Vest1 bu la r  CT and Var iab le  '31 - a v i t y  Research 7 - .:i 1 i t y  

[ I ~ f i n i t l v e  data on t h e  abillty o f  l i v i n g  systems t o  respond t o  l l ~ l e a r  
and angular acce lera t ions  nust a w a i t  experafments t h a t  can be done i n  
space u s i n g  apparatus t h a t  can apply fo rce  vectors s i n g l y  and I n  combina- 
t i on .  This  program w i l l  develop a f l i g h t - q u a l i f i e d  v e s t i b u l a r  and var ia -  
b l e  g r a v l t y  research f a c i  1 i ty  inco rpo ra t i ng  a c e n t r i  fuge ab le  t o  subject  
t e s t  subjects a t  i t s  per iphery t o  g r a v i t y  f i e l d s  from zero t o  one Earth 
g r a v i t y  i n  I n t e n s i t y ,  The ob jec t f ve  3s t o  induce acce le~*a t fons  on the 
i n n e r  e a r ' s  o t o l i t h  and semic i rcu la r  canal t o  shed new l i g h t  on t h e i r  
fundamental react ions to ,  and requi  rements fo r ,  those sti:;ull. 

Sate1 1 i t e  Cornrnuni cat1 ons 

The cu r ran t  era has bean character ized as t h e  n In format ion  Ago." 
In format ion i s  the  foundation f o r  economic growth; and data, news, and o ther  
in fo rmat ion  f l o w  worldwide, bo th  as raw ma te r ia l  and as f i n i s h e d  product.  The 
coming o f  t he  in fo rmat ion  age was made poss ib le  by communications e lec t ron i cs ,  
espec ia l l y  communications sa te l  1 i tes, whlch now c o n s t i t u t e  a  c r i t i c a l  and 
fast-growing segment o f  t h e  communications indus t ry .  The worldwide market f o r  
communicatioos sate1 l i t e  hardware alone i s  expected t o  t o t a l  about $38 b i l l  i o , ~  
i n  1981 do1 l a r s  from 1981 t o  t h e  year 2000. 

NASA's  ATS 1, 3, and 6 experimental communications s a t e l l i t e s  were preci l r-  
sors t o  c u r r e n t  m a r i t i  me, 1 and, and aeronaut ica l  niobi 1  e satel  1 i t e  services. 
ATS-6 and the  J o i n t  Canadian-NASA CTS Experf mental Satel  1 i t e  provided the 
bas i s  f o r  today 's  new broadcast sate1 1 i t e  serv*l ce indus t ry ,  CTS a1 so opened 
t h e  door t o  a  whole new generat ion o f  f i x e d  serv ice s a t e l l i t e s  operat ing i n  
t h e  12 GHz band. NASA's  Syncom sate1 li t e ,  launched I n  1962, was t h e  precursor 
t o  I n t e l  sa t  and the f i r s t  generatf on o f  domestic f i  xed-sate1 1 i t e  serv i  ces. 
The Syncom program, under taken  w i t h  f u l l  knowledge cha t  many r e s p e c t e d  
author1t;les i n  t he  cori~nunicat j  ons i n d u s t r y  were opposed t o  gaosta t i  onary 
communicatior~s s a t e l l i t e s ,  i s  a good example o f  a h igh - r l sk  program t h a t  
had la rge  p o t e n t i a l  benef i ts ,  but i n d u s t r y  was no t  w i l l i n g  t o  undertake* That 
c r u c i a l  step t o  geostatfonary o r b i t  l e d  d i r e c t l y  t o  a r a p i d  increase i n  the  
use o f  communt cat ions sa te l  1 i t t ! s  because o f  t h e i  r re1 i a b i  1  i t y  , w f  de coverage, 
and low ne t  cos t  f o r  the  comunica t ions  services they supply. 

Worldwide, about 158 geostat i otlary satel 1 i tes have been 1 aunched. Crowd- 
'ng of t he  f reqwncy spectrum and the  l i m i t e d  geostat ionary o r b i t  a rc  already 
i s  evident, and pos i t i ons  i n  t h e  spectrum and arc are a subject  o f  dgmestic 
and i n t e r n a t i o n a l  c o m p e t j t i o n .  T e c h n i c a l  i n n o v a t i o n s  i n  t h e  use o f  new 
frequency bands, frequency re-use, and onboard s ignal  sw i tch ing  and processing 
w i  1  I be necessary for. add i t j ona l  growth. NASA in tends t o  cont inue t o  develop 
h i  gh-r i  sk technology t h a t  w i  11 y l e l  d systems t o  s a t i s f y  expanding demands f o r  
commun'l'cations but t h a t  i n d u s t r y  i s  u n l i k e l y  t o  develop, I ndus t r y  can be 
expected t o  make use of t h e  r e s u l t i n g  technology t o  o f f e r  new and expanded 
services. 



1. Cur ren t  Program 

NASA launched 1 t s  l a s t  exper imental  communications sate1 l i t e  i n  1973 and 
then, f o r  t h e  nex t  severa l  years, ma in ta ined  o n l y  a  minimum involvemerlt i n  
advanced kechnology , in1 t l a t i  ng no new f l i  gh t  programs, Subsequently, aware- 
ness grew o f  the i m i n e n t  congest ion o f  t h e  spectrum and geos ta t ionary  arc ,  
t h e  u n f i l l e d  demands o t  the p u b l i c  s e c t o r  f o r  comntunlcatinns, and t h e  e rod jng  
U.S. compet l t f  ve p o s t t l o n  i n  satel li t e  commur~icalions technology vis-a-v:s 
Europe and Japan, I n  1979, urged by severa l  indeperrdent o rgan tza t l ons  and 
commi t t ees  t o  resume i t s  l e a d e r s h i p  r o l e  i n  t h e  deve lopment  o f  advanced 
technology f o r  sate11 1 t e  communlcatlons, F I A S A - 4 t h  U.S. i n d u s t r y ' s  he lp-  
developed a program p l a n  c o n s i s t i n g  of t h e  d c t i v i t i e s  1  i s t e d  below. The f i r s t  
o f  t h o s e  a c t i v i t i e s  i s  conduc ted  b y  t h e  O f f i c e  o f  A e r o n a u t i c s  and Space 
Techno1 ogy, t h a  remal rider by the O f f i c e  o f  Space Science and App l l  ca t1  ons. 

o B a s i c  research and technology development, which p rov ide  a technology 
b a s e  f o r  a l l  o f  NASA's communfcations programs. The t i m e  ho r i zon  f o r  
t h e  d e v i c e  and component technology pursued i s  F l v e  yea rs  o r  more, and 
t h e  work i s  performed coope ra t i ve l y  by NASA, ~ r n i v e r s l t i e s ,  and U.S. 
i ndus t r y .  

o Advanced technology development, which develops technology for  the  
Advanced C~mmuni r;atfons Techno1 ogy Sate l  1  i ta,  open1 ng new bands i n  a 
f ash ion  t h a t  w i  11 conserve the spectrum and be ~ c o n o m i c a l  l y  competi - 
t i  ve, and p r o v i  dir,g new and expanded sate1 1 i t e  sers!*ir;es . 

o Techn ica l  consul  t a t l o n  and suppor t  serv ices,  whl ch conduct s t ud les  o f  
r a d i o  I n t e r f e r e n c e ,  p r o p a g a t i o n ,  and systems t o  e n s u r e  g r o w t h  o f  
e x i  s t  -I ng s a t e l  1 i t e  se rv i ces  and l ncorpora t  i o c  c f  new s a t e l  1  i t e  
a p p l  i c a t i  ons. Analys is  technf  ques arc! developed a t ~ d  used t o  so lve  
problems o f  i n t e r f e rence  w i t h i n  and between t h e  s i  gnal  s o f  sate1 1 i t e  
and t e r r e s t r i  a1 comrnuni c a t i  ons systems. TI:ose analyst  s technf  ques a1 so 
p rov ide  a t echn j ca l  has is  f o r  r e g u l a t o r y  and p o l i c y  s tud ies ,  O r b i t  and 
spectrum u t i  1  i z a t i  on s tud ies  a re  conducted t o  a i d  i n  develop ing 
fl-equency and o r b i t  shar ing  techniques and design standards and i n  
d e t e r ~ n i  n i  ng t h e  e f f e c t s  o f  p ropagat i  on phenomena and human-made no i  se 
on t h e  performance, design , dnd c f f i  c l  e n t  use cc  t h e  yeostat-tonary 
o r b i t  and t h e  r a d f  o spect rum.  NASA a l s o  p r o v i d e s  s u p p o r t  t o  t h e  
Federa l  Communi ca t1  ons Cornmi s s i  on, N a t i  onal Telecommuni c a t i o n s  
In fa rmat (  on Admini s t r a t i  on, Department o f  State,  Feders l  Emergency 
Management Agency, and o the r  organi  z a t i  ons, 

o S a t e l l i t e - a l d e d  search and rescue, which i s  a cooperative program i n  
which Canada, France, t h e  S o v i e t  Union, and t h e  Un i ted  S ta tes  a re  
deve lop ing  and demonstrat ing a s a t e l l i t e  system f o r  d e t e c t i n g  and 
1 o c a t i n g  t h e  p o s i t i o n  o f  s i gna l  s t r ansm i t t ed  automat ica l  l y  from 
a i  r c r a f t ,  mar ine vessel s , and I n d l  v i  dual s i n  d i  s t ress,  

o Experiment coo rd ina t i on  and m iss ion  suppor c ,  which i d e n t i f i e s  ano a i d s  
development o f  new types of communications sev~vtcrs ,  p r i m a r i l y  f o r  t h e  
p u b l i c  sec to r .  The p r i n c i p a l  vehicle f o r  t h a t  development has been a 
s e r i e s  o f  exper'lments w i t h  t h e  ATS-1 and ATS-3 s a t e l l i t e s .  Fu tu re  work 
w i  11 i nc l ude  development of  smal l  , lgw-cost  tertnt na l  s t h a t  wi 1 I work 
w i  ~h leased channels on e x i s t i n g  communications s a t e l l i t e s  t o  p rov ide  



communi ca t i ons  s t ~ r v i  ces t o  remote areas, Use o f  those t e rm ina l  s w i t h  
l n t e l s a t  i n  t he  P a c l f i c  Bas in  has p r i o r i t y .  

o Advanced Communi c a t i  ans Technology Sate1 1 i t e ,  which w i  1 1  be a technol  o-  
gy development and ground t e s t  program t o  prove the feasibility o f  
c e r t a l  n advanced comnuni ca t i ons  sate1 1 i t e  techno l  og ies  Technologic s 
t o  be v n l  l d a t e d  i n c l u d e  use o f  mu1 t i p l e  f l xed  and scanning spot-antenna 
beams, frequency reuse, beam i n t e r c o n n e c t i v l t y  a t  bo th  intermediate 
f requencies and baseband, advanced system network concepts, and dynaml c 
r a i  n-campensatl on t echn l  ques. Those techno log ies  wi 11 be appl i cab1 e t o  
a wide range o f  communications systems i n  t h e  1990s. 

2. Po ten t i  a1 I n i t i a t i v e ,  FY 1985-1989: Mobi le  Sate l  l i t e  Program 

Land mobi l e  communicat~ons se rv i ce  with.ln the  Un i ted  States i s  concen- 
t r a t e d  i n  me t ropo l i t an  areas, The r e s t  o f  t h e  coun t ry ,  conta!ning about 
one - th i r d  o f  the t o t a l  population, has inadequate o r  no serv ice .  Fac to rs  
c o n t r i  bu t1  ng t o  t h a t  inadequacy i n c l u d e  channel crowding , s p o t t y  coverage, and 
i ncompati b i  li hy between equi pments due t o  d i  f f e r w t ,  o p e r a t i n g  frequencies,  
A1 though a1 l o c a t i  on o f  t h e  800-MHz barid and t h e  r e c e n t l y  devel  oped cell u l  a r  
system fol*  mob i le  commutiications wi 11 he lp ,  t hey  a re  expected t o  be in t roduced 
p r i m a r i l y  I n  densely populated areas and a t  a r a t e  t h a t  w i l l  no t  p rov ide  
coverage t o  even those areas u n t i l  a f t e r  the  yea r  2000. 

Sate l  l i t e  communications s e r v i c e  can s o l  ve those problems re1 a ted  t o  1 and 
mob i le  communlcati ons by re1  ayi ng V O ~  -e l  message, and d a t a  communl c a t i o n s  
between mob i le  t e rm ina l s  and f i x e d  base s t a t f o n s .  I t  can meet a wide range o f  
commercial and p u b l i c  s a f e t y  communications needs such as  f o r  mob1 l e  
telephone, d ispa tch  , law enforcement, emergency cornmunicatlons, and pagi ng, 
Consequently, i n i  t l  at! on I s planned o f  a mobi l e  s a t e l  1 i t e  commercial i z a l i  on 
program w i t h  t h e  ob jec t1  ves o f :  

o Develop1 ng technol  ogy t o  enable commercial ~ n o b l l  e s a t e l  1 i t e  se rv i ce  

o F a c i l i t a t i n g  deve lopment  o f  new m a r k e t s  For  s a t e l l i t e  and g round 
t e rm i  nn l  hardware 

o Developing t e rm ina l  hardware t h a t  i s  f requency and power e f f i c i e n t  

o Deve lop ing  network ing techniques f b r  use i n  exper imenta l  government 
appl i c a t i  ans 

o Promoting growth o f  commercial serv ices.  

The program w i l l  be conducted under an agreement between NASA and U.S. 
t ndustry,  w i t h  appropr ia te  coord i  n a t i  Dn w i t h  Canada, t o  f a c i  1 i t a t e  commerci a1 
a p p l i c a t i o n  o f  t h l s  t o t a l l y  new s e r v i c e  by reduc ing t h e  r i s k s  t h e  p r i v a t e  
sec to r  wou'ld have t o  assume. I n d u s t r y  would b u i l d ,  w i t h  I t s  own funds, a 
sate1 11 t e  system ab le  t o  suppor t  f i  r s t - g e n e r a t i  on c o m e r c i  a1 i zat jon ,  i n c l  u d i  ng 
t h e  f i r s t  and second o b j e c t i v e s  s t a t e d  above, and Lo p rov lde  capac i t y  t o  NASA 
and o the r  government agencies f o r  two years o f  exper iments t i  on t o  sat - i  s f y  t h e  
t h i r d  and f o u r t h  ob jec t i ves .  For those two years,  approximazely 80 percent  o f  
t h e  system's capac i ty  w i l l  be a l l o c a t e d  t o  comnercial  use and 20 percent  t o  



experimentation, Then t h e  experimental channels waul d be t r a n s f e r r e d  t o  
commercf a1 se rv ice .  

To meet t h e  t h l  r d  and f o u r t h  a b j n c t i  ves, NASA would help o t h e r  government 
agenc4es d e f i  ne the1  r requ i  rements and speei a1 i zed equipment needs, Those 
agenc ies would purchase t h e i r  own f i e l d  equipment and, d u r i n g  t h e  two years  o f  
exper imentat ion,  determine t h e  a b i  li ty  o f  s a t e l l i t e  s e r v l c e  t o  satlsfy t h e i r  
needs f o r  mob1 l e  communicat l ons s c r u i  ce, Ageneles wish ing  t o  con t inue  t h e  
s e r v i c e  a f t e r  t h e  exper imenta t lon  pel'iod would e n t e r  i n t o  a c o n t r a c t  f o r  
commercmlal se r v i ce  on t h o  same s a t e l l i t e ,  NASA t h u s  would h o l p  fo rmu la te  
r equ i  rements across t h e  gourernment , v a l  i d a t e  spec1 a1 hardware requ l  rements, 
and t r a n s f e r  t o  commercial s e r v i c e  technology developed d u r i n g  t h e  two years  
o f  experimentat-lan, C r i t i c a l  technology i t ems  f o r  t h e  space seynient o f  a 
f l  r s t - g e n e r a t l  on system would i n c l  ude 1  i near ,  high-power amp1 1  f i e r s  and 
h igh-ga ln ,  p o i n t i n g  antennas. For  l a t e r  systems, l a r g e  mult lbeam antennas t o  
p r o v i d e  frequeticy reuse probably  would be requ i red .  

I n  b r i e f ,  most o f  t h e  fund ing  f o r  t he  m o b i l e  s a t e l l l t e  program would come 
f rom t h e  p r l v a t e  sec to r .  The program would f i l l  t h e  needs f o r  exper imenta t ion  
and, a t  t h e  same t lme ,  ~nake p o s s i b l e  t he  e a r l i e s t  po 'ss ib le  i n t r o d u c t i o n  and 
f u t u r e  growth o f  commerci a1 se rv lce .  

3. Poss ib l e  I n i  t i  a t 1  ves , FY ,1990-1994 

a. Large Geostat ionary  Communi ca t1  ons P l a t  forms 

The demand f o r  s a t e l l i t e  t ransponders  I s  expected t o  grow through t h e  
t u r n  o f  t h e  cen tu ry ,  bu t  development o f  t h e  f u l l  p o t e n t i a l  o f  t h e  market; 
f o r  them w J l l  r e q u i r e  r e s o l v i n g  two d l f f i  c u l t i e s :  s a t u r a t i o n  of' t h e  
access ib le  o r b i t  a rc  and spectrum and t h e  a l ready  e v i d e n t  decrease i n  
c o s t - e f f e ~ c i  veness gains  f rom techno1 ogy advancements as s h o r t  t e rm  
advancements  a r e  exhaus ted ,  A1 l , ? v i  a t i o n  o f  t h o s e  d l  f f i c u l  t i e s  w i  11 
i n v o l v e  i n c r e a s e s  f n t h e  number o f  o r b i t a l  p o s i t i o n s ,  use  o f  i n t e r -  
s a t e l l i t e  l i n k s ,  expansion I n t o  t h e  K band, and more e f f e c t i v e  use o f  t h e  
o r b i  t arc  and spectrum. Large, geos t8 t i  onary  communi c a t 1  ons p l  a t  forms a re  
expect~d t o  c o n t r i b u t e  significantly t o  e f f e c t i v e  use of  t h e  o r b i t  a r c  and 
spectrum, b u t  severa l  i ssues  regard ing  t he1  r use w i l l  have t o  be resc lved :  
w h e t h e r  t h e  seeming economy o f  sca le  b e n e f i t s  a re  l i k e l y  t o  be rea l i zed ,  
t h e  p r a c t i c a l  l i ~ ~ ~ i t a t l o n s  on frequency reuse p rov ided  by mu1 t i p l e  beams, 
t h e  feas i  b i  1 i t y  o f  aggregat ing se r v i ces  , and whetherl c u r r e n t  expec ta t ions  
f o r  system ope ra t  l ans and o v e r a l l  cos t  e f f e c t i v e n e s s  a r e  r e a l  1 s t i  c. The 
O f f i ce  o f  Space fclence; and App l i ca t i ons ,  O f f i c e  o f  Space F l  l g h t ,  Lewis 
Research Cerrter, and Marshal l  Space F l i g h t  Center a r e  coopera t ing  i n  a  
s t u d y  t o  examine  t h o s e  1  ssues,  d e t e r m i n e  t h e  f e a s i  h i  1 i tg o f  l a r g e ,  
g e o s t a t i  onery communications p l a t f o rms ,  determine what techno1 ogy must be 
deve'i oped, and d e f i n e  what t h e  government ' s  and i n d u s t r y ' s  r e s p e c t i  ve 
r o l e s  and respons i  b i  li t i e s  should  be. An exper imenta l  system cou ld  be 
i n i t j a t e d  i n  FY 1989, w i t h  launch  i n  FY 1993 o r  1994. 

b ,  Dl r ~ c t  Sate1 1  i t e  Sound Broadcast1 ng 

The Un i ted  S ta tes  I n f o rma t i  on Agency's Voice o f  America has requested 
NASA t o  he1 p improve t he  Government's i n t e r n a t i  onal  sound broadcasts.  The 
agenc ies '  Admi n i  s t r a t o r s  have signed a  memorandum o f  agreement out1 i n i  ng 



a study t o  be under*.,ken, If i t  o r  subsequent s tudies idcnt ' i  fy a need f o r  
s o t e l l l t e s  f o r  the broadcast mission, NASA w i l l  develop and t e s t  the  
t echnol ogles requl red, Subsystems needing new techno1 ogy i d e n t l  f l e d  so 
f a r  i n c l u d e  space power supplies, such as a nuclear  u n i t  provldSng 100 
kilowatts o f  e l c c t r i c l  ty and a 12.5-kl l owa t t  so la r  array;  high-power, 
highly e f f i c i e n t  trans~ni t t e r s  provld lng,  f o r  example, 15 t o  30 k l l o w d t t s  
o f  broadcast ing pJwsr a t  26 MHz; l a rge  space antennas, such as 300- t o  
500-metar dlarnrit+n, . e f l cc to rs  o r  arra.1 antennas; cont ro l  systems far 1 argc 
space structure," ; arrd 1 aunch vehic les able t o  del i ver pay1 oads we1 ghi ng- 
f o r  example--10,000 k*i lograms o r  more t o  geostationary o r b i t  , 

M i  crogravf t y  Science and App t i  ca t  1 ons 

Although Ear th 's  g r a v i t y  I s  weak compared t o  other  physlcal  forces, I t  
inf luences many processes, o f t r n  i n  sub t le  ways, Small thermal and cornpasf - 
t l o n a l  gradients i n  f l u i d s  cause complicated and someclrnes ur~wanted s t 1  rr i  ng 
.that I s  d i f f i c u l t  t o  ana1,yze. Hydros ta t ic  pressure requ i res  conflnemcnt; o f  
1 i qu ids  by containers whose wa l l  s sometimes p~~oduce  unwanted e f fec ts ,  Since 
v i r t u a l l y  every process developed by humans evolved i n  a u n i t  g r a v i t y  envlran- 
rnent,  mans have become adept a t  clrcumventlng sorrle, but  not  a l l ,  o f  t h e  
d i f f i c f j l t i e s  imposed by g r a v i t y ,  Now the  Space Shuttle provjdes f o r  extended 
perisds o f  t ime a laboratn-y environment I n  which the e f f e c t s  o f  g r a v i t y  a r e  
n~ inute .  Thus, new d l r l L f  ons i n  process con t ro l  exist--freedom from con- 
s t r a i n t s  i~aposed by g r a w y  on Earth-based processes and opporltunity t o  study 
nongrav i ta t lona l  e f f e c t s  t h a t  o f ten  are masked by gravf t y  w d r l  ven flows, NASA 
encourages t h e  academic and i ndus t r i  a1 research comrnuni t l es t o  use t h e  Shut - 
t l e ' s  unlquc envlronment dn a rou t ine  bas is  when i t  i s  expedleijt t o  suppress 
va r l  ous y r a v l t a t i o n ~ l  e f f e c t s  NASA a1 so works w i t h  i ndus t ry  and commerci a1 
i n t e r e s t s  t o  develop, i n  space, microgravl  t y  processes and prbducts t h a t  w i  11 
he1 p t o  ma1 n t a i n  U.S. technological  leadership. 

1. Goals 

Thc goals o f  the  Micrograv j ty  Science and Appl icat lnns program are  t o  
l nves t l ga te  the  behavior o f  mater ia l  i n  a f l u f d  s t a t e  and the e f f e c t s  on that 
behavior o f  carry1 ng out processes i n  thr. 31 crogravi  ty envi ranment o f  space, 
t o  provide a b e t t e r  understanding o f  t41d s f ' f ec ts  and l i m i t a t f o n s  im:~scd by 
g r a v i t y  on processes c a r r f e d  o u t  on Ear th ,  and t o  e v o l v e  processes t h a t  
e x p l o i t  t he  unique character o f  the  m ic rog rav i t y  environment o f  space t o  
accomplish r e s u l t s  t h a t  cannot be obtained I n  u n i t  g rav l f y ,  Those goa ls  
an t i c ipa te  tha t  the  s c i e n t i f i c  and i n d u s t r i a l  co rnun i t i es  h'11 f i nd  s u f f i c i e n t  
mer i t  i n  research c a r r i e d  out  i n  space t o  j u s t i f y  development, a t  l e a s t  p a r t l y  
supported by the  user commun3ty, o f  a Natlonal Mic rograv i ty  Laboratory as p a r t  
o f  t h e  space s ta t ion .  They also a n t i c i p a t e  t h a t  some o f  t h e  processes from 
ear l y  research w i l l  be s u f f i c i e n t l y  a t t r a c t i v e  t o  ir~dustry t o  form the bases 
f o r  add i t i ona l  commercial ventures s i m i l a r  t o  those a l ready undertaken by 
McDonnell Uougl as and M i  crogravi  t y  Research Associates, 

2. Program Scope- 

The program concentrates on the fo1lowJng physical  sciences and daes not  
study the  e f fec ts  o f  g r a v i t y  on l i v i n g  organisms: 



o M r t e r i a l  s sciences, i n c l u d i n g  c r y s t a l  growth, sol  i d 1  f i caL lon  o f  a1 loys 
and composi t cs ,  and conta i  n e r l  css proccssi  ng 

o Physics and chemf stry , i n c l  udlng  f l u l d  mcchitnl cs ,  t r anspor t  phenomena, 
combt~st j  on sclenca,  cloud physics, and c r i t i c a l  phonornana 

o  Rlotechnology, l n c l  udlng separat ion processes, suspension c u l t u r i n g  , 
and bl ood rheol  ogy . 

Plans f o r  the  prograin i nc lude  expanston o f  the research baso e s t a b l i  shod 
dur lng  the  l a s t  several years and the  conduct o f  f l i g h t  Investigations t o  
de l ineate  the  po ten t ta l  and l l m i  t a t i o n s  o f  the  microgravl  t y  environment for 
scientific and ? ? d u s t r i a l  use. Since the  mcr i  t s  o f  t h a t  use u l t lmate ' l y  w l l l  
be tielermined by ps r r t i c l pn t i ng  l n v c s t i  gators, the f o l l ow ing  steps are being 
taken t o  f nvolve p~ ! ten t l a l  users I n  the  program's c a p a b i l l  t y  demonstration 
phase : 

o E s l a b l i  shment o f  an advisory group coos1 s l l n g  of research sc. fent ts ts  
from academia, government, and 3 ndustr j l  t o  prov ide an external  
pe r , spec t i ve  t o  t h e  program. That group's func t ions  w l l l  be t o  convey 
t o  NASA the  react ions o f  t h e  p o t e n t i a l  user corrununi t y  t o  var ious facets 
o f  t h e  program, i d e n t i f y  the  types o f  research thaL would be most 
b e n e f i c i a l  t o  p r o s p e c t i v e  users ,  and se rve  as emissaries t o  t h e  
external  research rommuni t y .  

o Establ  lshment o f  working groups s t ruc tu red  along d i s c i p l i n a r y  l i nes ,  
The pr imary  func l iuns  o f  the  workfng groups a r e  t o  I d e n t i f y  areas o f  
research re1 w a n t  t o  the program and t o  encourage qua1 i f l e d  i nvest i  g a l  
t o r s  t o  beco~ne invo lved I n  it. The disciplines f o r  whPch groups w i l l  
b e  estab l  i shed are e l e c t r o n i c  mater i  a1 s, metal s and a1 1 oys, glass ana 
ceramics, biotechnol ogy, f l  u ids  and t ranspor t ,  and cornbusti on sclence. 

o Considerat ion t o  establ ishment a t  var ious u n i v e r s i t i e s  of add i t i ona l  
centers o f  excel lence t o  strengthen s p e c i f i c  areas o f  r e s e ~ r c h .  Tl~oso 
centers would be s i m i l a r  t o  t h e  Ma te r ia l s  Processing Center a t  the 
Massachusetts I n s t i t u t e  o f  Technology and wculd have t h e  same purpose, 
t h e  b r i ng ing  together  of t h e  research i n t e r e s t s  o f  government, I ndus- 
t r y ,  and academia i n  a s e t t i n g  s u i t a b l e  f o r  i ~ l n o v a t l v e  act1 v i  t y .  

c, Zncouragernent o f  1 ncreased i ndustrP a1 i nvol vement throuyh use of the 
Technical Exchange Agreement and JoJnt Endeavor Agreement mechanisms 
a1 ready es lab l l shed and publ ished i n  t he  Federal Register  and the  
Commerce Dai ly. The former mechanism a l  l ows  3 n  i ndustr i  a1 f i  r m  t o  work - 
w i t h  NASA i n  an area o f  1nutua1 i n t e r e s t  w i t h  no exchange o f  funds. The 
f i r m  conducts experiments f n  NASA's ground-based f a c f l i t i e s - - d r o p  
tubes,  drop towers, and a i  r c r a f t - - t o  determine wbether space experi  - 
ments are j u s t i f i e d ,  A J o i n t  Endeavor Agreement a l lows an i n d u s t r i a l  
firm arid NASA t o  sharp the  casts and r i s k s  o f  developfng tornmercial 
s p a c e  v e n t u r e s ,  General 1  y, t h e  f i  r m  i s  expected t o  deve lop  t h e  
experimental  apparatus; NASA, t o  p rov ide  a  spec i f i ed  number o f  f r e e  
f l i g h t s  I n  r e t u r n  f o r  considerat ions such as data r l g h t s  and use o f  the 
apparatus. 1.F t he  venture proves tu be p r o f i t a b l e ,  t he  f i r n l  rleimburses 



NASA f o r  f u tu re  f l i g h t s  o f  the apparat;us. Another mechanism i n  use I S  
an i n d u s t r i a l  outreach program i n  which i n d u s t r ~ i e s  w i t h  a p o t e n t f a l  f o r  
u s i n g  mic rograv i ty  are contacted and suppl ied w i t h  information o r  
1 n v l  t ed  ,to v i s i t  NASA f i e l d  centers engaged i n  m lc rog rav t l y  research, 
NASA a lso  arranges seminars f n which researchers involved i n  t h e  NASA 
mic rograv i  t y  program doscr l  be t he  program t o  p o t e n t i  a1 p a r t i c i p a n t s  and 
d iscuss the r e s u l t s  they have obtained. 

o Issuance i n  the  near  f u t ~ l r e  o f  an annourlcement c a l l i n g  a t t e n t i o n  t o  the  
F l i g h t  opportunities avai lab le,  now t h a t  t h e  S h u t t l e  I s  operat tonal  . 
That announcement w i  l l emphasize the  d e s i r a b i l l  ty o f  s t a r t i n g  i n v e s t i  - 
gazlons ol: apparatus su l tab le  f o r  i n s t a l l a t i o n  on t h e  Shu t t l e ' s  mid- 
d e c k  because t h a t  t y p e  o f  appara tus  u s u a l l y  can be produced more 
quickly and i s  l e s s  expensive than apparatus t h a t  must be mounted i n  
t h e  cargo bay, Prospect ive Inves t i ga to rs  a l s o  w l l l  be encouraged t:, 
u s e  e x i s t i n g  c a r g o  bay and Spacelab appara tus ,  If p o s s i b l e .  I f  
e x l  s t  i ng appara tus  cannot be used o r  read1 l y  modl f i  ed, NASA w i  11 
de termine whether i t  i s  more cost  e f f e c t i v e  f o r  NASA t o  b u i l d  t he  
needed apparatus o r  f o r  the i n v e s t i g a t o r  t o  bujld -it. NASA a l s o  w i l l  
determine whether t h e  apparatus can, w i t h  minor modl f i c a t i o n s ,  accomnlo- 
date o the r  i nves t i  gator:, 

4,  Current Program 

With i t s  growing science base and maturing investigations, the  
ground-based exper inent  program has begun t o  make s f g n i f i c a n t  cont r ibu-  
t l ons  t o  the mater ia ls  sciences, as Ind ica ted  by an increase i n  t h e  number 
o f  papers published f r l  refereed journa ls  from a t o t a l  of a  few dozen 
b e f o r e  1977 t o  over 100 !n the past year. Some o f  the areas promising 
valuable r e s u l t s  a re  descrfbed i n  t h e  paragraphs t h a t  f o l l ow ,  

Convection i n  Crystal Growth - 
C r y s t a l  growers o n l y  recent ly  have begun t o  analyze convectfve f l o w s  

and how they  a f f e c t  the growth process. The f lows a re  compl.icated by the  
f a c t  t h a t  most systems o f  i n t e r e s t  have more than one component, requiring 
t h a t  bo th  thermal and composi ti anal e f f e c t s  be c w s i  dered, S l  nce thermal 
d l  f f u s i v i t y  usually i s  several orders o f  magnitude l a r g e r  than chemical 
d i f f u s i  v t t y ,  model l n g  the  combined convection i s  extremely d i f f i c u l t .  
S o l i f i  c a t i o n  i n  a b ina ry  system can be unstable even when the  system's 
concen t ra t i on  i s  very low. Even a  very small convect ive f low can have a  
s l g n i f i c a n t  e f f e c t  on t h e  r a d i a l  distribution o f  dopants i n  c r y s t a l  
growth, and i t  has been found t h a t  considzrable convectSon i \ccurs because 
of r a d i a l  gradients t h a t  are impossible t o  avoid. Diffusion c o n t r o l l e d  
v a p o r  t r a n s p o r t  i s  n o t  p o s s i b l e  i n  a g r a v i t y  f i e l d  because v i scous  
i n t e r a c t i  ons between t h e  t r a n s p o r t i  ng vapor and t h e  conta i  ner w a l l  create 
densi t y  gradients t h a t  are a1 ways convect i  ve ly  destabi  1.1 zing. Research 
sponsored by NASA a1 ready has cont r ibu ted  s i g n i f i c a n t l y  t o  understanding 
o f  c r y s t a l  growth processes,  and f t s  r e s u l t s  p r o v i d e  a  base f o r  t h e  
c rys ta l  growth experiments i n  space t h a t  NASA plans t o  sponsor. 



(2 )  Nongrav1 t a t i o n a l  Phase Separatf on Mechnni sms 

Ear ly  attempts t o  avoid phase separation from densi ty d i f ferences i n  
t h o  s o l l d i  f l c a t f  on o f  c e r t a i n  a1 loys  I n  m i  c rog rav f t y  have ind1 cated t h a t  
phase separat ion mechanisms o ther  than g r a v i t y  a1 so are f mportant , Recent 
work has provided i n t e r e s t i n g  i n s i g h t s  i n t o  some o f  those mechanisms, and 
f u r t h e r  understanding o f  the10 p o s s l  b l y  c o u l d  a1 l ow c o n t l * o l  o f  phase 
separat ion I n  such alloys, 

( 3 )  Contai ner less Processin$ 

Containerless processing on and near Earth 's  surface i s  possible, bu t  
i n  a l i m i t e d  foshfon,  u s l n g  drop  f a c i l l l t l e s ,  a i r c r a f t ,  and v a r l o u s  
l e v 1  t a t 1  on techniques, A 100-meter drop tube f  s apera t l  onal a t  Marshal 1 
Space F l i g h t  Center, and a v a r i e t y  o f  smal ler  drop tubes are I n  operat ion 
a t  t h e  Jet Propul s lon Laboratory, General E l e c t r f  c has developed an elec- 
t romagnetic l e v l t a t  tort fact  1 i ty, and a i r - j e t  lev1 t a t o r s  are i n  operat ion 
a t  Marshall Space F l i g h t  Center. 

I n  space, 1 i quids-espcc4al l y  h igh  remperature me1 ts--can be contained 
s o l e l y  by t h e i r  surface tension and pos i t ioned by sma l l  noncontacting 
f o r c e s  provided by e l e c t r o s t a t i c ,  electromagnet1 c, or acoust jc  f i e l d s ,  
Thus, there are a number o f  p o t e n t i a l  app l ica t ions  f o r  containerless 
process1 ng i n  space. The Jet P~opul sf on Laboratory does considerable work 
on lev i tatSon technology, It has developed and tes ted  extensively i n  
KC1135 a i  r c r a f t  and on f l  i ghts o f  Space Processing Appl i c a t i  ons Rockets 
techniques f o r  posf t i  oni ng and r o t a t i  ng samples using acoust lc and 
e1e:trostatlc f i e l d s ,  and now I s  developing a three-axi  s, acoust ic 
l e v l t a t o r  furnace f o r  use on t h e  Space Shutt le .  General Electr ' lc  i s  
rnodi f y  f ng a small electromagnetic lev1 t a t o r  f t developed o r i  g lna l  ly  f o r  
L he Space Process i  ng Appl i c a t i  ons Rocket  program t o  pe r fo rm s'mi 1 a r  
experiments on t h e  Space Shut t le .  

( 4 )  - Bi oseparat I on Processes 

Considerable progress has beet, made i n  underst'andl ng the  component 
flows i n  con t i  nuous f l ow  electrophoresis,  the l imt t a t i o n s  imposed on t h a t  
process by Ear th ' s  g rav i t y ,  and the  p o s s i b f l i t l e s  f o r  i t s  use i n  space. 
Prf nceton Un ive rs i t y  has performed analyses; and Marshal 1 Space F l  i yht  
Center  has conducted experiments and developed an e lec t rophore t i  c 
separati:. t h a t  e l iminates stream d i s t o r t i o n  by using as wa l ls  endless 
b e l t s  that  rnove w i t h  the f l g i d ,  a l lowing the  stream t o  occupy the  t o t a l  
w i d t h  o f  the chamber wi thout  loss o f  r e s o l ~ i i o n  frcm wa l l  e f fec ts .  The 
Uni vers i  t y  o f  Arizona has developed a r e c i  r c u l a l l  ng i s o e l e c t r i  c focusing 
separator t h a t  has major advantages. Both the  moving wa l l  e lec t rophore t ic  
separator and the r e c i r c u l a t i n g  i s o e l e c t r i c  f o c u s f n g  separator have 
commercial p o t e n t i a l  and could be the  subjects o f  j o i n t  endeavors. 

b. 3 a c e  Shut t le  Mid-Deck Experiments 

Shut t le  f 1 1 ghts have provided the means f o r  resuming 1 ong-durati on 
experiments i n  a m i  crogravi  l;y errvi ronment i n  the  Mater i  a l  s Process1 ng 
Science program. Descr ipt ions o f  two t h a t  are s u i t a b l e  f o r  f l i g h t  on the  
Shut t le 's  inid-deck fo l low.  



( I )  Monodlsperse Latex Reactor 

BcginnIng w f t h  the t h i r d  f l i g h t  o f  t he  Shut t le ,  Lehigh University has 
conducted a se r ies  o f  seeded po l ymer~za t l on  experiments w i t h  t h e  ob jec t i ve  
o f  protlucing prec ls ton  polystyrene spheres w i t h  un i fo rm s l  zes f o r  use i n a 
v a r i e t y  o f  app l ica t ions .  Spheres wl th  diameters o f  7 t o  40 micrometers 
had been produced on Earth, bu t  they were not a v a i l a b l e  i n  quant i ty ,  were 
n o t  sphe r i  ea l  , and had a size  d i  sperslon o f  about 3 percent. The spheres 
produced on t h e  Shuttle have s i z e  d l s p e r s l o n s  g e n e r a l l y  l ess  t h a n  1 
percen t  and are  spherical. The National Bureau o f  Standards has de ter -  
~nlned t h a t  they qua1 I fy as standards and has requested add4 t l o n a l  samples. 

Continuous Flow Elactrophores1 s 

The McOonnell Douglas Astronaut ics Company has developed and b u i l t  a 
Continuous Flow Electrophoresis  System under the  terms o f  a J o i n t  Endeavor 
Agreement w i t h  NASA. That system has been f lown sever,l t imes on the  
Shutt le,  beginning w i t h  t h a t  v e h i c l e ' s  f o u r t h  f l i g h t  . The object' ives o f  
the  experiments conducted w i  t h t h a t  system are t o  detenni ne t he  techni  ca l  
advantages o f  i t s  oplrrat ion i n  m ic rog rav i t y  and t o  assess t l i e  comnercial 
v i a b i l i t y  o f  I t s  use f o r  separat ing pharmaceuticals i n  space. F l i g h t  data 
i n d i c a t e  t h a t  operat ion i n  space can y i e l d  up t o  480 t iwos  the  throughput 
and up t o  5 t imes the p u r i t y  that operat ion on the  ground can y i e l d  I n  the  
separat ion o f  "p ropr ie ta ry"  b i  omateri a1 . McDonnel l Doug1 a s  i s  proceed1 ng 
w i t h  i t s  f l i g h t  program, which u l t f m a t e l y  may lead t o  commercial process- 
i n g  i n  space. Under the  p rov i s ions  o f  t he  J o i n t  Endeavor Agreement, NASA- 
sponsored i nves t i ga to rs  have had a chance t o  conduct 8 separat ion exper l -  
ments t o  i ncrease understand1 ng o f  e lecrophore t i  c separat ions i n  space. 
Mater ia ls  t l ~ a t  have been separated are  hernoglobi n, polysaccharide, and 
kidney c e l l s .  The r e s u l t s  o f  t h e  experiments s t i  11 are  being analyzed. 

c. Materi a1 s Experiment Assembly Experiments 

The Mater i  a1 s Experi inent Asse~nbl y i s  a c a r r i e r  f o r  mater i  a1 s process- 
i n g  experiments, It can accammodate up t o  fou r  experiment packages o f  the 
Space Processing Appl i c a t f  ons Rocket type, p rov id ing  them w i t h  power, 
cont ro l ,  data acqu is i t ion ,  thermal con t ro l  , and heat re jec t i on .  Since i t 
provides those services independent o f  t he  S h u t t l e ' s  systems, i t s  i ntegra- 
t i o n  w l t h  the  orbiter i s  g r e a t l y  simplified and ;it t he re fo re  can take 
advantage o f  more f l i g h t  oppor tun i t ies .  It f i r s t  f lew an the  seventh 
Shut t le  mission, performing f l aw less l y .  The inves t1  gat ions t h a t  have been 
conducted on i t  are described below. Thetr  r e s u l t s  p rov ide  the foundation 
f o r  m ic rog rav i t y  research t o  be 1:ndertaken dur ing  t h e  next  few years. 

(1) Furnace Exper3iments 

Two experiments i n v o l v i n g  a t o t a l  o f  s i x  samples were conducted i n  two 
General Purpose Rocket Furnaces. One furnace was conf igured f o r  i s o -  
thermal processing and t h e  o ther  f o r  gradient  processing. The furnaces 
funct ioned t o  spec1 f i  cat! on and produced the  requi red  thema1 prof f  1 es i n  
t h e  samples. 



( a )  Monotectic A1 l o y s  

Several monotect ic a1 1 oys ware processed i n  exper l  mends 11 ke those 
f lown e a r l i e r  on sounding rockets  except that  the  c r u c i b l e  ma te r i a l s  were 
chosen t o  avo ld  phase separat ion from c r i  t l c a l  wettirrg. One sample was 
p r o c e s s e d  i n  t h e  g r a d i e n t  f u r n a c e  t o  examine t h e  e f f e c t s  o f  thermal  
m ig ra t i on  o f  d r o p l e t s  o f  the w,inori t y  phase d r i ven  by thermal cap11 l a r y  
f lows,  Other samples were prr~cessed i n  the  isothernlal furnace equipped 
w i  t h  plungers t o  e l im ina te  f r e e  surfaces and, therefore,  poss ib le  f lows 
d r i v e n  by sur face tension. Ana lys is  o f  t h c  samples i s  i n  process. 

(b )  Crysta l  Growth from Vapor 

A Sky lab  experiment t o  grow c r y s t a l s  o f  germanium ana selenium from a 
vapor was repaated on the Space Shut t le  except t h a t  an I n e r t  gas was 
s u b s t i t u t e d  fo r  the i od ine  t ranspor t  gas used prcvf  ously. The purpose o f  
t h e  experiment was t o  determine whether previously observed anomalous 
t ranspor t  ra tes  were i n  f a c t  caused by chemical reac t ions  throughout the 
g r o w t h  ampoules o r  by other  mechanisms t h a t  must be sought, That r e s u l t  
i s not  y e t  avai l ab le ,  but  one unexpected r e s u l t  has been observed, The 
c r y s t a l s  grown i n  space are almost an order o f  magnitude l a rge r  than those 
grown under i d e n t i c a l  thermal cond i t ions  on the  ground. We1 1 -def ined 
p l a t e l e t s ,  some as la rge  a s  f i v e  by ten  m i l l ime te rs ,  grow i h  an open 
web-l i ke s t r u c t u r e  i n  F l l  g h t  ampouf es , whereas ground c o n t r o l  am~oules 
conta in  a c rus t  o f  very small c r y s t a l l i t e  o r  p o l y c r y s t a l l  l n e  mater ia l  I n  
t h e  growth region.  The e f f e c t s  o f  small g rav i ty -dr iven f l o w s  I n  the 
v i c i n i t y  o f  a growing cr * .s ta l  apparent ly  are more pronounced than anyone 
a n t i  cjpated. 

(2)  Levi t a t o r  Experiments 

A s ingle-ax is ,  acoust lc l e v i  t a t o r  furnace w l  t h  an autamatic sample 
exchange mechanlsrn conta in ing  e i g h t  samples was Llown t o  t e s t  i t s  
l e v i t a t i o n  c a p a b i l i t y  a t  t empera tu res  up t o  1,600 C and t o  e x p l o r e  
conta lner le:  g lass formation. Because o f  a  mechanical ma1 funct ion,  no 
d a t a  were o,calned, The equipment i s  bejng repai  red and w i  11 be ref lown 
i n  1984. 

5. Future Focus 

The f a c t  that; experiments i n  a m ic rog rav l t y  environrlent can produce new 
and unexpected scl e n t i  f i  c r e s u l t s  has been establ  i shed; f o r  example, the 
anomalous growth r a t e s  and l a r g e  s i z e  c r y s t a l s  mentioned above, which have led 
t o  subs tant ia l  reeva lua t ion  o f  t ranspor t  theory i n  growth o f  c r y s t a l s  from 
vapor. Other su rp r i ses  undoubtedly w i  11 be encountered as t he  f l  l ght  program 
accelerates. Such r e s u l t s  have i n t e n s i f f e d  i n t e r e s t  i n  t h e  aspects o f  the  
program described below, which w i l l  be emphasized dur ing  the  next several 
years. 

a ,  Crysta l  Growth o f  E l e c t r o n i c  Mater ia ls  

S ing le  c r y s t a l s  o f  var ious e l e c t r o n i c  ma te r i  a1 s  are extremely impor- 
t a n t  fo r  con t i nu ing  v o g r e s s  i n  the  r a p i d l y  expanding technology o f  e lec-  
t r o n i c  mater ia ls .  I n  f ac t ,  they may have s u f f i c f e n t  value per u n i t  mass 



t o  be  cand ida tes  f o r  co~nmercial  production i n  space. As mentioned abovo, 
i t  i s  becoming i n c r e a s i n g l y  c l e a r  t h a t  i t  i s  virtually imposs ib le  t o  a v o i d  
r , onvec t i ve  e f f e c t s  I n  c r y s t a l  g rowt !~  i n  u n i t  g r a v i t y  and that, even smal l  
f l o w s  can r e s u l t  i n  profound d i f f e r e n c e s  i n  growth morphology, composi- 
t l o n a l  homogenef ty, and s t r u c t u r a l  p e r f e c t i o n .  

b. S o l i d l f i c a t l o n  o f  A l l o y s  and Composites 

tnw-gravi  t y  exper lments In t h e  so1 i d 1  f i c a t i o n  o f  a1 l o y s  and compost t e s  
have , w e a l  ed some unexpected and l n t e r e s t i  ng e f f e c t s ,  As ment ioned 
above, severa l  nongrav i  t a t i o n a l  phase separa t ion  mechani srns have been 
d i  scovered i n  mbnotect lc  systems. I n  a d d i t i o n ,  r od  d iamete rs  and spacings 
found I n  m e l t s  composed o f  manganese bismuth and b ismuth e u t e c t i c  
d i r e c t i o n a l  l y  s o l i d i f i e d  1'1 space have been much f i n e r  than  ground c o n t r o l  
experiments and t h e  theory  o f  canvec t ion  growth had i n d i  ca ted  they  would 
be. D e n d r i t e  arms i n  t r anspa ren t  model systems (such as ammonia hydrox-  
i de) and b l  na r y  metal  11 c  a1 1 oys (such as lead- t  i n and copper-a1 urn1 num) 
s o l i d i f f e d  i n  space have been observed t o  have an unexpected d i f f e r e n c e  i n  
spaclng f rom t h a t  obta ined i n  c o n t r o l  exper lments  on t h e  ground, I n v e s t i -  
g a l l o n  o f  such unexpected ef fec , ts  w l l l  be t he  o b j e c t  o f  f u t u r e  f l f g h t  
experlments designed t o  reeva lua te  t h e  r o l e  o f  convect1 on i n  present  4heo- 
rim o f  s o l i d i f i c a t i o n .  

c .  Canta lner less  M e l t i n g  and S o l t d i f i c a t i o n  

Drop t ube  de~nons t ra t i  ons have shown t h a t  substant i a1 undercool i n 5  can 
be acl i ieved i n  b u l k  samples and t h a t  unique metas tab le  and amarphous 
m ic ros t r uc tu res  thus can be produced. Space exper iments t o  extend t h a t  
t y p e  o f  research  t o  m a t e r i a l  s Ghat cannot be sol i d t  f l e d  i n  drop tubes can 
be  expected. A1 so, con ta i ne r l ess  pas! t l  on i  ng o f  h i  gh-temperature me1 t s  
o f f e r s  i tn ique o p p o r t u n i t i e s  t o  measure h i  gh-temperature thermal p r o p e r t i e s  
o f  materials, especi a1 l y  those whose me1 t phases a re  h i g h l y  co r ros ive .  

Contai  n e r l  ess Format1 on o f  Glass - - 
The absence o f  con ta i ne r  w a l l s  o f f e r s  t he  l ~ o s s i b l l i t y  o f  avo ld i ng  

heterogeneous nuc lea t i on  i n  g l ass  format1 on and o f  ex tend ing  t he  range o f  
g l a s s  fo rmat ion  t o  systems t h a t  do n o t  r e a d l l y  form glasses, Extreme 
p u r l t y  can be obta ined by e l i m i n a t i n g  t r a c e  c o n t a ~ i n ~ n t s  t h a t  a  c r u c f b l e  
would in t roduce ,  e s p e c i a l l y  I n  ge l  - d e r i  ved systems. A1 so, a degree o f  
man ipu la t ion  i s  poss ib l e  b y  shaping t h e  noncontact.ln , Jrce f i e l d s  t o  form 
var lous con f i gu ra t i ons ,  such as p r e c i s i o n  g l ass  she1 9 s and o p t i c a l  f i b e r s .  
The wei  g h t  o f  100 k i l ome te r s  o f  100-micron d iameter  o p t i c a l  frijer i s o n l y  
a few k i lograms.  Thus, s i nce  the re  i s  cons iderab le  commercial i n t e r e s t  i n  
v e r y  l o w  l o s s  opt! c a l  f i b e r s  formed f rom h a l l d e  g lasses  t h a t  t r a n s m i t  i n  
t h e  n e a r  i n f r a r e d ,  p r o d u c t i o n  o f  such  f i b e r s  i n  space  may become a 
comrmerci a1 process. 

e m  Separat i on Processes 

McDonnell -Douglas success w i t h  c o n t i  nuous flow e l e c t r o p h o r e s i s  i n  
space i n d i c a t e s  t h a t  s imi  lai* b e n e f i t s  may be  poss ib l e  i n  o t h e r  mi c rog rav i  - 
t y  separa t ion  processes such as movi ng w a l l  e l ec t r opho res i s ,  i s o e l e c t r i  c  
focus ing , i sotachophoresi  s, photophores i  s , thermophoresi  s ,  and phase 



p a r t i t i o n i n g ,  Of p a r t i c u l a r  i n t e r e s t  are uniqucl separa t ions  t h a t  can be 
performed I n  such processes and t h e  e f f e c t s  t h a t  may be causcd by t h e  h i g h  
sample concentrations p e r m i t t e d  by mic rog rav i  t y  onero t ion ,  such as  
p a r t i c l e - p a r t i c l e  i n t e r a c t i o n s  d u r i n g  separat fon and e l e c t r i c  f i e l d  
d i  s t o r t j o n s  caused by e l e c t r i c a l  conduct1 v i  t y  ml smatch between snmpl e and 
b u f f e r ,  

f . Fl  u i  d and Transpor t  Phenomena 
f- 

E l i m i n a t i o n  of  buoyancy d r i v e n  convect ion and sedimentat ion w i l l  
p e r m i t  study o f  f l u i d  and t r a n s p o r t  phenomena t h a t  a re  d i f f f c u l t  t o  study 
i n  a grav i  t a t l o n a l  F ie ld ,  Examples a re  three-dimensional  r o t a t i n g  f lows,  
two phase f l  ows , thermocapi 11 a r y  f lows, drop dynami cs , bubble and d r o p l  e t  
m i  y r a t i o n  i n  thermal and s o l u t a l  g rad ien ts ,  Soret d i  f f u s i o n ,  equi 11 b r lum 
c o n f i g u r a t i o n s  i n  p d r t i a l l y  f i l l e d  contaf  ners,  c r l t i c a l  w e t t i n g  and 
s reading, nucleat-lon and growth st . rdies,  Oswald r i pen ing ,  foam s t a b i  ii ty, 
r 1 eo log ica l  s tud ies ,  and c r l  t i c a l  r,hase t r a n s i t i o n s ,  

g . C1 oud M i  c rophys i  cs and Aerosol  Sci  ence 

Microscale processes i n  t h e  atmosphere--aerosol fo rmat i  on r e s u l t i n g  
f r o m  gas t o  p a r t i c l e  convers ion and i t s  mechanisms, c loud  d r o p l e t  and i c e  
c r y s t a l  n u c l e a t i o n  and growth, r im ing ,  co l11 s i  on-coal escence, charge 
separa t ion ,  p r e c i  p i t a t i o n  format ion,  d rop l  e t  breakup, aerosol  scavenging , 
etc.--are among t h e  most d i f f i c u l t  phys i ca l  processs t o  study experimen- 
t a l l y  because o f  t he  smal l  energ ies i n v o l v e d  and t h e  care t h a t  must by 
t a k e n  to preven t  f o re i gn  i n f l uences  f rom a l t e r i n g  t h e  r e s u l t s  obtained. 
E l  l m i  n a t l  on o f  convect ive mot ions and a r t i  f i  c i  a1 l y  supported l a r g e  hydro- 
meters  can Improve expermlment performance g r e a t l y  by i s o l a t i n g  t h e  gas 
be ing  s tud ied  from the  d i s t u r b f n g  i n f l u e n c e s  o f  chamber w a l l s  and o t h e r  
surfaces. The absence of  convect ion a1 so imp1 i e s  t h a t  temperatures and 
vapo r  f i e l d s  w i t h i n  t h e  gas a re  c o n t r o l l e d  on l y  by conduct ion and d i f f u -  
s i  on rnechani sms t h a t  can be accu ra te l y  modeled and, t h e r e f  ore,  t h a t  unpre- 
d i  c t a b l  e exper imenta l  v a r i a t i o n s  caused by eddy motions ca*? be e l im ina ted .  
Encouragement w i  11 be g iven  t o  the  under tak ing  o f  fundamental m ic rograv i  t y  
experlments t h a t  could l e a d  t o  g rea te r  o r  more p r e c i s e  understanding o f  
t h e  impor tant  processes i n  atmospheric c loud  microphysics.  

h. M i  c rog rav l  t y  Combusti on Science 

The absence o f  a s i  gni f i  can t  g r a v i t y  f i e l d  f a c i  1 i t a t e s  observa t ion  o f  
fundamental cornbusti on mechani sms t h a t  buoyancy d r i  ven canvec t i  on mi gh t  
obscure under normal g r a v i t y  cond i t ions .  Such observat ions can inc rease  
unders tand ing  o f  combusti on processes i n  t r a d i t i o n a l  t e r l r es t r i  a1 systems 
by permitting comparison o f  t h e  data ob ta ined  w i t h  p r e d i c t i o n s  from use o f  
model s  w i t h  g r a v i t y  c o n t r o l  l e d  terms removed. Avaf 1  ab le  m i c r o g r a v i t y  
exper imenta l  techniques i n c l u d e  un i form d l  s t r i  but1 on o f  p a r t i c u l a t e  f u e l s  
f r e e  from g r a v i t y  induced s e t t l  j n g  and t h e  bk rn ing  o f  f u e l  masses t h a t  a r e  
b o t h  mot ion less and mechanical l y  and thermal I y  i so l  ated. Programs rrnder 
development w i  11 i n v e s t i g a t e  d rop l  e t  conrbustj on, p a r t i c u l a t e  c loud  combus- 
t i o n ,  premixed gas f l a m m a b i l i t y  l i m i t s  r:nd f lame propagat ion,  and l a r g e  
sol i d  su r face  combusti on. Programs t c  1 n v e s t i  gate gas - j e t  d i  f . fusi  on 
flames, l i q u i d  pool  burnlng, and smolder ing a re  undergoing feast  b i l j t y  
s t ud ies  . 



6, Mater ia l  s Research Facl 1 i t i e s  and Apparatus 

NASA has conducted, s i nce  1968, a program o f  research i n t o  phenomena 
associated wlth the process ing o f  n i n t e r l a l s  i n  low g r a v i t y  prov ided by drop 
tubes, a i r c r a f t  , and rockets ,  That research and o the r  l a b o r a t o r y  I n v e s t i  ga- 
t i o n s  are  c o n t i n u i n g  b u t  have  t h e  l i m i t a t i o n  t h a t  they can  p r o v i d e  o n l y  
seconds t o  minutes o f  low g r a v l  ty. The Space S h u t t l e  makes f requent  and 
I ong-term ma te r i  a l  s process1 ng a c t i  v i  t i  as poss i  b l e ,  Tabl e 111-3 1 i s t s  t h e  
Na t i on ' s  low-grav i  t;y research f a c i  11 t i e s ,  Table 111-4 t h e  process ing equipn~ent 
c u r r e n t l y  available and planned, and Table 111-5 tihe apparatus be ing  used on 
the  Shu t t l e ' s  mid-deck and b e i n g  used o r  planned f o r  use i n  t h e  S h u t t l e ' s  
c a r g o  bay, O t h e r  p r o c e s s i n g  systems and a p p a r a t u s  w i l l  be d e f i n e d  and 
deve loped  as t h e y  a r e  r e q u i r e d  f o r  s u p p o r t  o f  e x p e r i m e n t s  t h a t  w i l l  be 
p roposed i n  r esponse  t o  a s o l  l c i t a t l o n  t h a t  soon w i l l  be i s s u e d .  Smal l  
systems w i l l  be developed t h a t  can be accommodated on a space a v a i l a b l e  bas l s  
and, there fo re ,  may have f r equen t  o p p o r t u n i t i e s  t o  f l y .  Space1 ab w l l  1 prov ide  
suppor t  f o r  advanced, sophi s t i c a t c d  process ing systems. 

Present emphasjs i s  on apparatus and experiments, f o r  1 n s t a l l a t i o n  on t h e  
S h u t t l e ' s  mid-deck, t h a t  pot ;ent ia l ly  can be upgraded t o  f l y  i n  t h e  cargo bay 
o r  Spacelab, Need f o r  l onge r  process ing t l rnes and h ighe r  power l e v e l s  i s  
expected t o  develop, r e q u i r i r i g  a c a r r i e r  such t h e  space s t a t i o n  system o r  
Leasecraf t .  Those systems w i  11 p rov ide  a 1 ow-gravi ty env i  ronment t h a t  1 s 
c r jn t i~ iuous  arid free af the  constra.fnts tha t  F l l g h t  on the  S h u t t l e  p laces on 
mi  ss ion d u r a l i  on, powet ava i  1 ab i  1 i ty, and freedom f ronl m i  no r  d l  sturbances. 

7.  Prospects f o r  Commerci a1 i z a t  i on 

Two func t i ons  o f  t he  M ic rog rav i  t y  Science ~ n d  App l i ca t i ons  program w i l l  
have a s u b s t a n t i a l  e f f e c t  cn t h e  possi  b i  l i t i e s  f o r  t he  provram's co~nmerc ia l i -  
z a t i o n :  t h e  use o f  space t o  o b t a l n  knowledge t h a t  can be dpp l i ed  t o  improve 
t e r r e s t r i a l  p rocesses  and t h e  p r o c e s s i n g  o f  materials ' in space t o  t a k e  
advantage o f  t h e  weight less c o n d i t i o n s  there .  The f l r s t ;  o f  those func2ions 
a n t i c l p a t e s  t h e  r o u t i n e  use o f  r n i c r o g r a v i t *  experimentation as an accepted 
method f o r  s o l v i n g  problems r e l a t e d  t o  the! process ing o f  m a t e r i a l s  on t h e  
ground, w i t h  i n d u s t r y  pay ing a t  l e a s t  a p o r t i o n  of  t h e  cos t  a f  t h e  experimen- 
t a t i o n .  A number o f  co~npanies r e c e n t l y  have i nd ica ted  an i n t e r e s t  i n  us i ng  
space for such problem so l v i ng .  Now t h a t  use o f  f i n i t e  element ana l ys i s  
techniques t o  model i n d u s t r i a l  processes i s  spreading, t h o  n r ~ d  f o r  more 
accurate knowledge o f  t h e  thermophysi c a l  p r o p e r t i e s  o f  m a l ~ r i  a1 s I s  becoml ng 
acute. The companies a l s o  have expressed i n t e r e s t  i n  t e s t i n g  the1 r models of 
va r jous  processes by de te rmin ing  whether t h e  r e s u l t s  f rom c a r r y l n g  ou t  t h e  
processes i n  t h e  absence o f  g r a v i t y  v e r i f y  t h a t  t h e  models c o r r e c t l y  p r e d i c t  
t h e  essen t i a l  na tu re  o f  t h e  processes b e f o r e  t h e  compl i ca t tng  e f f ec t s  o f  
g r a v i t y  e n t e r  i n .  Other ma t te r s  a t t r a c t i n g  i n d u s t r i a l  a t t e n t i o n  are t h e  r o l e  
o f  convect ion i n  c r y s t a l  growth processes and t h e  growing o f  va r ious  c r y s t a l s  
i n  m ic rog rav i t y  t o  t r y  t o  d i scove r  why they  a re  d i f f i c u l t  o r  imposs ib le  t o  
grow on Earth.  Another a c t i v i t y  t h a t  cou ld  be use fu l  t o  a number o f  indus-  
t r i e s  i s  p repa ra t i on  irr space o f  small q u a n t i t i e s  o f  unique m a t e r i a l s  t o  
determine t h e i r  c h a r a c t e r i s t i c s  o r  t o  use them as paradigms. 

The p rocess ing  o f  samples i n  space w i l l  be r e s t r i c t e d ,  a t  l e a s t  f o r  t h e  
near  fu tu re ,  t o  small q u a n t i t i e s  o f  h igh-va l  ue, low-volume m a t e r i a l s  such as 
pharmaceutical praducts , e lec t ron !  c m a t e r i a l  s, o p t i c a l  f l  bers  , h i g h l y  speci  - 



TABLE 111-3. U.S. LOW-GRAVITY RESEARCH FACILITIES 

Fcci I i t y  

Drop Tube 

Drop Tower 

KC-135 A i  rc raf t  

H 
F-104 Aircraft 

*i 
C-( 

I 
m 
~n Rockets 

Shuttle 
Mi d-Deck 

Shuttle 
Cargo Bay 

Free Flying 
Experiments 
Carrier 
(Under Study) 

Mode of Accomnadati on 

Sample Dropped i n  Evacuated Tube 
and/or B a c k f i l l e d  t o  Provide f o r  
Supercool i ng 

Processing System Dropped in  Tower 

Parabolic Trajectory Flown w i t h  
Processing System Aboard 

Parabolic Trajectory Flown w i t h  
Processi ng System Aboard 

Parabolic Trajectory Flight with  
Processi cg System Aboard 

Demonstration Processor 
(1 K i  7 owatt Typical ) 

Demonstration and Production 
Prototype Processing System 
(1360 Watts Typical ) 

Production Processing System 
(12 Kilowatts Typical ) 

* 
tow-Gravity Tine Typical Sample Size 

4.5 Seconds 1 mn t o  5 ma Diameter 

4-5 Seconds 5 mn Diameter X 
8rmr Long 

15 to 25 Seconds 20 m Diameter X 
(Repeats per Flight) 8 mn tong 

30 t o  60 Seconds 20 rn Diameter X 
(Repeats per F l i g h t )  8 m L ~ n z  

4 t o  6 Minutes 20 mi Diameter X 
8 mn Long 

1 t o  7 Days 1 CRI D i e t e r  X 
(Through 1987) 5 cm Long 

1 t o  7 Days As Required 
(Through 1987) 

As Required As Required 

f 

Specific sample s i  ze dependent ?JC experkent  apparatus size, weight, heat flow con& tions, and lw-gravi ty 
t ime 



TABLE 111-4. AVAILABILITY OF U-S. MATERIALS PROCESSING SYSEW 

Pr~cessing System For Rockets and Aircraft 

Fl  q i  ds Experiment System Ready Now 

Vapor Crystal Growth System 

cI Float Zone Experiment System 
W 
H 
I 
01 

H i  gh-Gradi ent Furnace System 
01 

Acoustic Containerless 
Experiment System 

PI anned 

Ready Now 

Ready How 

Electromagnetic Container1 ess 
Processing System R2ady WA 

B i  oprocesslng Experiment System 

For Shuttle and Spacelab For Free Flyers 

In Development (1984) 

In Ilevelopaent (1984) 

PI anted Planned (1988) 

In Development Planned (1988) 

Planned f 1987) Planned (1988) 

Planned (1985) 

Planned (1985) 

PI anned (1989) 



TABLE 111-5. U.S. MATERIALS PROCESSIHG INSTRMEKTS 

Apparatus 

D i  recti onal Solidification Furnace 

Isoel ectric Focusing Experiment 

Acoustic Contai nerl ess Experiment System 
Electrophoresis Equipment Verification Test 

Continuous Flow Electrophoresis System 

Monodisgers? Latex Rez-tor 

Droplet Combustion Experiment 

Parti cl e Cloud Combusti on Experiment 
w 
u 
Y 

Single Axis Acoustic Levitator 
1 
m 
V 

General Purpose Furnace I 1  (Isothermal ) 

General Purpose Furnace 12 (Gradient) 
General Purpose Furnzice $3 (Gradient) 

General Purpose Furnace $4 (Gradient) 

Single Axis Acoustic Levitator-I1 
Three-Axis Acoustic Levitator 

Di recti onal Solidi Ticati on Furnace-11 

Advanced Di rectional Sol i d i  f ication Furnace 

Isoel ectric Focusing Experiment 
Electromagnetic Levi tator 
Acoustic Contai nerf ess Experiment Systm- I1 

Ff uids  Experiment System 

Vapor Crystal Growth Sjstem 

Shutt le  Locat-ion/Carri er 

M i  d-Deck 

Mid-Deck 

Hi d-Deck 

Mid-Deck 

Mi d-Deck 

Mid-Deck 

Hid-Deck 

M i  d-Dec k 

Orbi ter/lhteri al  s Experiment A s s d ' l y  

Orbiter/blateri a1 s Experiment Assembly 

Orb? ter/Phtertal s Experiment Assembly 
Orbiter/bhterials Experiment Assembly 

Orbi terlviateri a1 s Experiment Assembly 
Orbiter/Materi a1 s Science Laboratory 

Orbiter/K!zteri a1 s Science Laboratory 

Orbiter/Material s Science Laboratory 

Orbiter jl4ateri a1 s Science Laboratory 
Orbiter/%teri a1 s Science Laboratory 
OrbiEerj$tateri a1 s Science Laboratory 
Qrbiter/)Qaterlals Science Laboratory 

Orbiter/Spacel ab 3 

Orbi ter/Spacel zb 3 

Availability 

Ready Mow 

Ready How 
Ready Mow 
Ready How 
Ready How 
Ready How 
31 anned [I9861 

P I  anned (1986) 

Ready How 

Ready !iow 

Ready t(on 

Ready Him 
Ready #on 

Planned ( 1984) 

PI anned ( 2985) 

Planned (1984) 

Planned (19%) 

Planned (1985) 

PI anned (1984) 

Planned (1986) 

Ready How 

Ready t b w  



a l l  zed a1 l oys ,  and possl bly p r r c i  s ion  1 atex  microspheres , However, o ther  
app l i ca t i ons  can bc expected t o  emerge as experience w l  t h  the  f l  l g h t  program 
increases and unforeseen resu l ts  are obtained, To form the basls f o r  and 
foster f u tu re  ventures by indus t r y ,  NASA w i l l  cont lnue t o  conduct I t s  f l i g h t  
progralrl w i t h  I n p u t s  from and p a r t i  c l  p a t i o n  by Indus t ry .  NASA sponsors, and 
encourages others to  sponsor, m n l e r i a l  s processing research on materl a1 s and 
processes known t o  be o f  techno log ica l  i n t e r e s t  so t h a t  s u f f t c i e n t  In fo rmat ion  
w l  11 ba avai 1  ab l  o for I n d u s t r i e s  In te res ted  i n  coimnerci a1 i z a t l  on t o  determl ne 
whether the technology I s  advanced enough t o  warrant commerel a1 i z a t l o n ,  The 
task  o f  dacfd lng whether a mate r ia l  can be produced I n  space on a commercial 
bas i s  I s  l e f t  t o  Industry ,  s ince industrly I s  best q u a l i f i e d  t o  make such 
dec i  s i  ons. 

H. I n s t l t u t l o n  

The Offl ce o f  Space Scjence and Appl i cat1 o r ~ s '  responsl b l  1 -i t l e s  l n c l  udo 
i n s t i t u t i o n a l  management o f  Goddard Space F l l g h t  Center and the  Jet Propulsion 
Laboratorly, and i t  also w l l l  cont lnue t o  use the  capab-ili t i e s  i;nd f a c i l i t i e s  
o f  tho  other  NASA centers t o  achieve i t s  sclence and app l i ca t i ons  goals. 

1. Goddard Spncc F l l g h t  Center 

Goddard Space F l igh t  Center w i l l  be strengthened and suslalned as a center 
of excel lcnca t o  prov ide expertise I n  the s c f e n t i f i c  d i s c i p l i n e s  r e l a t e d  t o  
NASA's  space sclence and appl I cat1 ons prograins w i  t h  ernphasi s  on unmanned 
sa te l  1  i t a  systems, sate1 11 t e  t rack1 ng networks, and broad-based s c l e n t i  f i  c 
rvesearct~. Its spec! f i c  func t ions  art; to :  

o  Plan and develop Ear th  o r b i  t i n g  science and app l i ca t i ons  spacecraf t  and 
p l a n  and execute associ ated operat ions and data analyses 

o Prov ide  For a c q u i s i t l o n  and d isseminat ion o f  data From science and 
appl i cat1 ons m i  s s l  ons 

a Develop science and app l i ca t l ons  lns t run~ents  t o  be f lown o r  placed i n  
Earth o r b i t  by the  Shu t t l e  

o Conduct bal loon and sounding rocket  programs f o r  science and app l ica-  
t i o n s  research 

o S u s t a i n  e x c e l l e n c e  i n  development and o p e r a t l o n  o f  E a r t h  o r b i t a l  
spacecraft  

o Enhance t rack lng  and data a c q u i s i t l o n  systems and support operat ions as 
t h e  p r l m a r y  mode t s  changed from a ground-based system t o  a sate1 1 i  t e  
system 

o Malnta in i t s e l f  as t h e  NASA center  o f  excel lence for  o v e r a l l  space 
science and appl i c a l f  ons df sc i  I i nes 

o Susta in  i t s  excel lence i n  t h e  development, launch a c t i v i t i e s ,  and 
operat lon o f  the  sounding rocket  program a t  Wallops F l i g h t  F a c i l i t y  



o Enhance i t s  excel lence I n  management crP specla1 S h u t t l e  payloads end 
analysl  s o f  resu l  t i n g  ddta,  

2. J e t  Propul s l  on taboratory 

The Jet  Propul5lon L~boratory w l l l  be strengthened &nd sustained as the 
center o f  excel 1 enca For dcvel opment and operat ions of p l  anatarf  m l  ss l  ons, 
i ts  s p e c l f l c  f unc t i ons  a re  to :  

o Plan and execute s c i s n t l  f l  c rescdrch i n v o l v i n g  unmanndd automated space 
sys tams 

o Devolop science Instruments t o  be Flown o r  placed I n  Ea r th  o r b i t  by t h c  
Shutt le 

o Serve as l e a d  canter f o r  s o l a r  system oxp lara t lon ,  i n c l u d i n g  operat lon 
of  t i la seep Space Network 

o Undertake wok k f o r  other  U.S. go~larnment agencles 

o MaIncain i t s  excel lcncc i n  adv?*nced guidance and propul s l  on systems 

o Sustain I t s  excel?et t is  i n  acquisi t . lon and analys is  o f  p lqnetary data. 

3. Other NASA Centel s 

C a p a b l l i  t i e n  ;+? :;t!er. NASA centers w l l l  be used and re in fo rced  i n  the  
f o l  I owl ng areas : 

o Amcs Research Center 

1.1 Fe 3ciences f l i g h t  experiments 

- M i  ssion operat ions f o r  PI oneer spacecraf t  

- Management o f  the O f f l c e  o f  Space Science and App l lca t lons '  a i r c r a f t  
programs 

o Johnson Space Center 

- L l  f e  sciences f l i  gh t  experiments 

- Lunar and p l  anetary geosciences d i  sclpl l nes 

- Development o f  space-based sensors f o r  Ear th observat ions 

o Kennedy Space Center 

- L i f e  sciences f l i g h t  experiments 

- Space1 ab pay1 oad processi ng operat ions 

a Langley Research Center 



- Atmosphsrle s c l e ~ c e s  technology 

Devol opment o f  space  instrument;^ for at~nospheri c sensl ng 

Q Lewls Research Center 

- Advancod carmnunlcations systems tllcllnology , 4ncludlng management of' 
the Advanced Coninunl c a t  ions  Techno1 ogy Sate l  i l t o  p r o j e c t  

o Marshal I Space Flight Center 

Oave1 opment and r ~ r i  ss i  on managenlent o f  Space1 ab pay1 oads 

- SpeclalI zed autornatcd spacecra f t  a c t l v f  t l e s ,  i nc l  ud-lng management o f  
t h e  Space Tclescopc proJect and conduct o f  s tud les  far advanced 
m i  ss l  ons, 
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SPACE FLIGHT 

A. Goals and Ob jec t i ves  

The P r e s i d e n t ' s  space p o l i c y  commlts  NASA t o  m a i n t a i n  t h e  N a t i o n ' s  
l eade rsh ip  i n  space f l i g h t ,  To meet t h a t  co~nni tment and the goal s NASA has 
s e t  f o r  i t s e l f ,  t h e  Space F l i g h t  program c o n s i s t s  o f  t h r e e  ma jo r  k l nds  o f  
act1 v i  t i e s :  

o  Development o f  space t r a n s p o r t a t t o n  capabf 1 i l l e s - - a c q u i  s i  t i  on, t e s t i n g ,  
p r o d u c t i o n ,  and c o n t i n u i n g  improvement  o f  space v e h i c l e s  and t h e  
se rv i ces  they  p r o v l  de 

o Space f l i g h t  operat ions--prelaunch, launch, f l i g h t  , land ing ,  and pos t -  
1  andl ng  a c t i v i t i e s  and t h e  concomi t a n t  customer se rv i  ces 

o Advanced programs--p1 anni  ng and e v o l u t i o n a r y  development o f  f o l  low-on 
programs t o  increase space f l i g h t  capabi 1  ill es w i t h  advanced t r anspo r -  
t a t i o n ,  sate1 1  i t e  s e r v i  ces, and advanced crew and 1  i f e  suppor t ,  

The p r imary  NASA goals o f  d l  r e c t  re levance t o  the  Space F l i g h t  program a re  
t o :  

o  Make t h e  STS f u l l y  ope ra t i ona l  and cos t  e f f e c t i v e  i n  p r o v i d i n g  r o u t i  ne 
access t o  space f o r  domestic and f o r e i g n ,  commercial and governmental 
users  

o  E s t a b l i s h  a  permanent manned presence i n  space t o  expand t h e  e x p l o r a l  
t i o n  and use o f  space f o r  a c t i v i t i e s  t h a t  w i l l  enhance t h e  s e c u r i t y  and 
w e l f a r e  o f  mankind 

o  Expand o p p o r t u n i t i e s  f o r  U.S. p r l  va te  s e c t o r  Investments  and i n v o l v e -  
ment i n  c i  v i  I space and space-re1 a ted  ac t1  v i  t i es 

o E s t a b l  l s h  NASA as  a  l e a d e r  i n  t h e  deve lopmen t  and application o f  
advanced technology and management p r a c t i c e s  t h a t  c o n t r i b u t e  t o  s i g n i -  
f i cant  inc reases  i n  b o t h  Agency and n a t i o n a l  p roduc t  i v i  ty . 

I n  consonance w l t h  those NASA goals,  t h e  Space F l i g h t  prograrn has adopted 
two  m a j o r  goals.  The f i r s t  i s  t o  p rov i de  t o  t h e  Nat ion,  as r a p i d l y  as p o s z i ~ ~  
b l e  and on schedule, t he  a b i l i t y  t o  operate  the Space T ranspo r t a t i on  Systzm 
(STS) as an e f f t c i e n t ,  e f f e c t i v e  bus iness e n t e r p r i s e  that w i l l  a r r e s t  t h e  l o s s  
o f  space t r a n s p o r t a t i o n  customers i n  t h e  near  t e rm  and develop new customer 
markets  i n  t h e  l ong  term. Ach iev ing  t h a t  goal  w l l 1  r e q u i r e  STS opera t ions  
t h a t  are respons ive,  safe, r e l i a b l e ,  and cos t  e f f e c t t v e ,  as  w e l l  as adequcte 
preparedness f o r  t h e  a n t i c i p a t e d  inc rease  i n  demand on t h e  STS f rom U.S. and 
f o r e i g n  users.  The STS w i l l  be cons$tiered oper,3t ional  when i t s  ope ra t i ona l  
c o s t s  are we1 1  understood and c o n t r o l l e d  and i t s  f l i g h t  schedules can be met. 
M e e t i n g  t h a t  g o a l  a l s o  w i l l  r e q u i r e  t h a t  t h e  p rog ram c u r r e n t l y  f o c u s  on 
c o n i p l e t i n g  t h e  deve lopment  o f  t h e  STS, mak ing  each  STS m i s s i o n  s a f e  and 
successfu l  , ma1 n t a l  n i n g  an o p r a t l u ~ d l  1 aunch schedule, reduc ing  ope ra t i ona l  
cos t s ,  and e x p l o i t i n g  t h e  i nhe ren t  c a o a b i l i t t e s  of t h e  STS. 



Development o f  new customer markets w f l l  r equ l re  evo lu t i on  o f  the capab i lv  
f t i e s  o f  the  STS t o  meet requirements for more economical support o f  payloads, 
manned space operat ions beyond those provided by the Shut t le ,  reduct ions i n  
costs f o r  communications s a t e l l i t e  a c t i v i t i e s ,  increased utilization o f  the 
Shu t t l e  f l e e t ,  l a r g e r  and haavler payloads, r e u s a b i l i t y  o f  geostat ionary 
spacecraft, and prov i s jon  o f  an orb1 t a l  research and development f a c t  1 f t y ,  

The Space F l i g h t  program's second major goal i s  t o  es tab l  i sh a more perma- 
nent presence i n  space. Permanent hurnan occupancy o f  space I s  necessary f o r  
undertaking la rger -sca le  s c l  e n t i  f i c ,  exp lora tory ,  and l n d u s t r i a l  space act1 v f  - 
t i e s  t o  f u l  f i  11 economically and e f f e c t i v e l y  the  t ranspor ta t ion ,  f a c i l i t y ,  and 
operat1 ons needs o f  exp lo ra t i on ,  science, and appl i c a t t  ons space missions, as 
wc l l  as many Gransportat ion needs o f  n a t i o n a l  secu r i t y  space missions. It 
represents the  l o g i c a l  nex t  step i n  e v o l u t i o n  of capabi l l t l c s  nrr~uldwl  h!t the  
STS and i n  t h e  fur ther  development o f  space f l  'ght. 

To make t h e  best poss ib le  use o f  the unique c a p a b i l i t i e s  o f  the  STS and t o  
serve as a bas i s  for new i n i t t p t i v e s  t o  he undertaken I n  the  next few years, 
the Space Flight prograin has estab l f  shed ob jec l l ves  extending i n t o  t h e  1990s. 
Those ob jec t1  ves support, i n  general, c a p i t a l i z i n g  on the  STS as a space t e s t  
bed f o r  research and development act1 v i t i e s  ; dev is ing  innovat ive  uses f o r  t h e  
STS; providing rout ine,  f l e x i b l e ,  economical access t o  a l l  o r b l t s  f o r  both 
cargo and manned pay loads ;  i n c r e a s i n g  t h e  t i m e  i n  space and economlcal 
operat ion of payloads by establ  f shi  ng permanent space f a c i  1  .i t i e s  t o  suppotst 
science, research and development, commercSa1, and operat ions actqvf t i e s ,  both 
manned and unmanned and I n  b o t h  low and g e a s t a t i o n a r y  E a r t h  o r b i t s ;  and 
i n s t i  t u t i  ny rou t i ne  checkout, re fue l i ng ,  repair, and upgrading o f  spacecraft  
I n  o r b i t  through manned and remotely control l e d  servicing. 

The s p e c i f i c  ob jec t ives ,  d lv ided i n t o  those for t he  near term and those 
t o  be pursued l a t e r ,  fo l low.  

1. Object ives f o r  FY 1985 through FY 1989 - 
a Completing development, acqu is i t i on ,  and upgrading o f  t he  STS t o  i t s  

f u l l  capab i l f t v ,  and achieving r o u t i n e  operattons w f th  i t  by the  mid 
1980s 

- Mai  n ta f  ni ng the  product ion  schedu7 e 

- B r i n g i n g  Spacel ab t o  operat ional  s ta tus  

o Encourage use o f  the STS by both domestic and international commercial 
customers an a refmbursable basis  by implelnenting the  s t ra teg ies  o f  the 
STS market ing p lan  

Improving support t o  cur ren t  commercial communications sate1 1 i t e  
m i  s s i  ons 

- I d e n t i f y i n g  new areas o f  commercial a c t i v i t y  t h a t  would b e n e f i t  from 
STS launch support t o  create new STS launch markets 

o S u c c e s s f u l l y  c a r r y i n g  out a t o t a l  o f  27 STS missions i n  FY 1985 and FY 
1986 



o Continuing t h e  use o f  expendable laun.ch veh ic les  f o r  schedule assurance 
and specia l  needs 

o Developing by the  second quar te r  o f  FY 1986 a Centaur upper stage 
eompati b l e  w i t h  the Shu t t l e  t o  prov ide cos t -e f fec t1  ve t r a n s p o r t a t l  on t o  
h i  ghcr energy orb1 t s  

o EsLabl lshmlng an i n s t i  t u t f  onal  framework t h a t  meets c i v i l  and defense 
needs, approprl  a t e l y  u t i  li zes i ndus t r y  capabi 1  i t i e s ,  and facf  I i t a t e s  
i n t e r n a t i o n a l  cooperat ion 

o S tab l lm lz lng  and expanding the  STS market by es tab l l sh lng  and imple~nent- 
i n y  a business p lan t h a t  inc ludes bo th  i d e n t l  f i c a t i o n  o f  cons t ra in t s  
and a f i n a n c i a l  management program w i t h  an adequate commercial p r i c f n g  
p o l  i c y ,  a customer service organ1 r a t i o n ,  and an aggressi ve market ing 
program 

o Developing a t e t h e r  systern f o r  Ihe c o n t r o l l e d  deployment, o r b i t  s t a b i l -  
i zation, and r e t r i e v a l  o f  science and app l i ca t i ons  s a t e l  li tes above and 
below the  o r b i t e r  

o Demonstrating e a r l y  the  a b i l l t y  o f  the STS t o  serv ice  s a t e l l i t e s  i n  
order t o  v e r i  fy thhl s new operat ional  capabi 1 f l y  and thereby i n f l  uence 
systems doslgns and operat ions adopted by users. 

2. Object ives Deyond FY 1989 

o Mainta ln iny an operat ional  launch schedule w i t h  reserve capacity,  wh l l e  
conduct ing safe, successful STS m l  ssions havt ng progress ive ly  lower 
operat ional  costs and shor te r  turn-around t imes 

o Developlng advanced t ranspor ta t i on  systetils t h a t  are complementary t o  
t h e  Space Shu t t l e  and meet the needs o f  planned and prospect fve space- 
c r a f t ,  p lat forms,  and f a c i l i t i e s  f o r  tnaneuvering i n  and t ranspor ta t i on  
t o ,  between, and beyond Ear th  o r b i t s  

o Developing and operat ing on a  r o u t l n e  basls, beginning i n  the m i d  
19905, space p l  a t  forms t h a t  are! unmanned, permanent, and mu1 t i f u n c t i  on ; 
arv i n  geosynchronous o r b i t  ; and meet advanced t e l  ecommunl c a t i  ons , 
science, envi ronmental and resource observat ion, and o the r  needs 

o  Developing and p u t t i n g  I n t o  r o u t i n e  opera ti^ 1 by t h e  year 2000 perma- 
nent, m u l t i f u n c t i o n  space f a c i  1 S t i es  t h a t  are capable o f  being manned 
pe r lad i ca l  l y  and t h a t  meet communl cat ions, observa l i  on, science, and 
nat iona l  securi t y  needs 

o Develop1 ng techno1 ogy and techn i  ques t o  construct ,  deploy , o r  assemble 
each of the  above systems i n  space, and achiev ing an a b i l i t y  t o  t e s t  
and serv ice them i n  o r b i t  

o  Continuing t o  develop goals and p lanning in fo rmat ion  f o r  expandf ng 
manned programs f n  space beyond the per-iod covered by t h i s  plan. 



The evo l  u l i ana ry  ob jec t i ves  d l  scussed above have func t i ona l  imp1 i c a t l o n s  
t h a t  g ive r i s c  t o  the technological  requirementr; ahown i n  Table I V - 1 ,  Those 
require~nents are basic  t o  the  Space F l i g h t  program's a b i l i t y  t o  e x p l o i t  f u l l y  
t h e  unique charac tc r i  s t 1  c s  o f  the STS. Techno1 og ica l  sol u t i o ~ i s  t o  them w i  11 
implement the evo lu t ionary  p lan  f o r  the  program depicted on Figure IV-1 and 
discussed i n  greater  d e t a i l  i n  the l a t e r  sect ions o f  t h i s  repo r t  e n t i t l e d  New 
In1 t i a t l  ves and Advanced Studies. Relat ionships among the  e1en1o~t.s shown on 
Ff  gure IV-1 are descr i  bed f u r t h e r  I n  F igure IV-3 i n  the l a t e r  sec t ion  e n t i t l e d  
Technical Re1 at ionsh i  ps Between Program Elements. 

1, Basel ine 

The STS provides e f f i c i e n t ,  economical access t o  space, as we l l  as capa- 
b l l  l t i e s  (summarl zed I n  Table IV-2)  t h a t  today I s  expendable launch vehic les 
cannot supply. It c o n s t i t u t e s  almost t he  whole o f  the  NASA space f l i g h t  
basel ine program. In FY 1983 the  second o r b i t e r ,  Challenger, jo ined the 
o r b i t e r  Columbia, and the  two conducted a  t o t a l  o f  f o u r  operat ional  f l i g h t s ,  
The orlbi t e r  , payl oads, ground cont ro l  , f 1  i ght cont ro l  , and process1 ng teams 
have been proven i n  f l i g h t  several t imes; and the  STS now i s  ready t o  grow and 
mature, o v e r  t h e  n e x t  f e w  y e a r s ,  i n t o  a  system t h a t  w j l l  use t h e  asse ts  
developed by NASA and t h e  A i  r Force t o  meet the  space t ranspor ta t i on  needs o f  
our na t i on ' s  anti the  f r e c  wor ld 's  governmental, s c i e n t i f i c ,  comnercial , and 
nat iona l  secur i  ty payl oads. 

The key element o f  t h e  STS, t he  reusable Space Shut t le ,  has re int roduced 
f l  l g h t  crews i n t o  space f l l  ght operat ions. The S h u t t l e ' s  major advantage I s  
I t s  a b i l i t y  t o  service, mafntain, repa i r ,  r e t r i eve ,  and reuse payloads. I t s  
most important cha rac te r i s t f  c  i s  , i t s  v e r s a t i l i t y ,  which w i l l  make us lng i t  
most e f f e c t i v e l y  a  d i s t l n c t  challenge. I t  has demonstrated some o f  i t s  advan- 
tages and v e r s a t l l  i t y  by 1 aunchiny f i v e  commerci a1 cornmunl cat! ons sate1 1  i t e s  
and the  f i r s t  Tracklng and Data Relay S a t e l l i t e ;  by deploying and r e t r i e v i n g  a 
West German sate1 1  i t e  p la t fo rm;  and the  f i r s t  ex t raveh icu la r  act1 v i  t y  (space 
walk) ast ronauts have conducted i n  nine years. 

a .  Shut t  1  e Product! on and Capabi 1 i t y  Development 

The ob jec t i ve  o f  NASA's Shut t le  product ion and capabl 1  i t y  development 
a c t i v i t y  cont inues t o  be t o  prov ide a  na t iona l  f l e e t  o f  Space Shu t t l e  
o r b i t e r s  t h a t  w i l l  meet t he  needs o f  NASA, the Department o f  Defense, and 
other domesti c  and i nte rna t  l ona l  users. Included are 1  aunch s i t e  f a c i  1  i - 
t i e s ,  i n i  t l a l  spares, product ion too l  Sng, and r e l a t e d  support a c t i v i t i e s .  
This development a c t i v i t y  uses s t r a t e g i c a l l y  the provf d ing  o f  spares f o r  
the o r b i t e r  and the  development o f  s t r u c t u r a l  spares. 

( I )  O r b i t e r s  

The t h i r d  o r b i t e r ,  Discovery, was de l ivered t o  NASA i n  October 1983; 
and t h e  p lanned d e l i v e r y  d a t e  f o r  t h e  f o u r t h ,  A t l a n t i s ,  i s  FY 1985. 
Current plans a1 so prov ide  f o r  completing product ion o f  s t r u c t u r a l  spares, 
w i t h  d e l i v e r y  o f  t h e  l a s t  component i n  FY 1987; changeover o f  the  o r b i t e r  
Col urnbia i n t o  i t s  operat ional  conf igura t ion ;  and performance o f  res idua l  
devel opment tasks . 
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TABLE IV-2, STS CAPABILITIES 

SHUTTLE 

O e l i v e r y  o f  Tended and Untended S a t e l l i t e s  and Other Payloads t o  Low Ea r th  
O r b i t  

Repai r and Retrl eva l  o f  Spacecraf t  
D e l i v e r y  o f  Propul sSve Stages and S a t e l l i t e s  t o  Low Earth Orb1 t f o r  t r a n s f e r  

t o  H I  yh-Energy O r b i t s  
D e l i  ve r y  of 29,500 kg (65,000 1 hs) o f  Payload t o  250-km (150-nml ) C i r c u l a r  

Orbit (Due East )  
D e l i v e r y  o f  14,500 kg (32,000 l b s )  o f  Payload t o  Po la r  (98') 250-km (150-nmi) 

C f  rcul ar Orb1 t 
Return o f  11,340 kg (25,000 l b s )  o f  Payload f rom Space 

SPACELAB 

Payload Capabill ty:  4,800 t o  !,800 kg (10,6003to 19,400 1 bs)  
Pressurized Vo'iume: 8 t o  22 nt' (280 t o  775 f t  ) 
Average E l e c t r f c a l  Power: 3 t o  5 kW 
Payload Specialists: 1 to 4 
Nomlnal Mission Duratf  on: 7 days 

INERTIAL UPPER STAGE (2-STAGE) 

Dellvery o f  up t o  2,270 kg (5,000 1 bs) t o  Geosynchronous O t b i t ;  

PAYLOAD A S S I S T  MODULES ( PAMs) 

D e l i v e r y  o f  1,270 kg (2,800 I bs) t o  Geosynchronous Transfer Orb1 t (PAM-D) 
D e l i v e r y  of  1,995 kg (A,400 lbs) Lo Geosynchronous Transfer Orbit (PAM-A) 

CENTAUR-G PRIME 

Delivery of 5,895 kg (13,000 lbs) t o  Geosynchronous O r b i t  (Centaur-G: 4,535 
kg (10,000 l b s ) )  

D e l i v e r y  of 2,360 kg (5,200 l b s )  to Outer Pldne ts  [c3 = 85 kn2/see2) 



The need f o r  add l t l ona l  o r b l t e r s  i s  under assessment, Although the  
approved four-orb i  t ~ r  f l e e t  w l l 1  s a t i  sfy the  cu r ren t  m i  sslon mani fost, 
p ro jec ted  t ncreases I n  1 aunch dmand and m l  ssion durat ton would requ i re  
t h e  addition of one o r  more o r b i t e r s ,  Also, an addl t , lonal  o r b i t e r  would 
be needed f f  an o r b i t e r  wore r e l n o ~ s d  f roni  s e r v l c e  by an a c c i d e n t  o r  
because o f  the need f o r  nn extensive overhaul, 

( 2 )  Propul s f  on System 

The Shut t le 's  propul sf on system cons ls ts  o f  t h ree  main engines, two 
sol  i d  rocket  boosters, and an external  tank. Residll i l l  development tasks 
and producbLion o f  f l l  ght bardware cons t l  t u t e  the maln focus o f  the plans 
f o r  the  system. 

(a) ;pace Shut t le  Main Engine 

I n  March 1983 t h e  basic  fu l l -power - leve l  con f l gu ra t l on  o f  the  Space 
Shu t t l e  ma1 n  engine (SSME) was c e r t i  f l e d  f o r  se rv i  ce on the  orb1 t e r  f l e e t  , 
A f t e r  t h a t  c o n f l g u r a t i o n J s  F i r s t  f ' i i g h t ,  t he  emphasis o f  the  SSME t es t  
program sh i f t ed  t o  f l i g h t  confidence t e s t l n g  t o  prove t h a t  f l i g h t  engine 
components have s u f f i c i e n t  mean-time-before-replacement marglns t o  prov ide 
an extended 11 fe capability. One engfne w i l l  be subjected t o  t h e  equlva- 
1  e n t  o f  about 80 missions and two more engines w i l l  be tes ted  t o  approxf- 
mately 40 m i  ss i  on @quf valents t o  prove the1 r durabl  1 i t y  and re1 i a b i  11 ty, 
The t e s t s  w i l l  be scheduled so t h a t  any problems r e l a t i n g  t o  engine l l f e  
w i l l  be found on the  ground we l l  before they can occur i n  f l i g h t ,  

Under cons ldera t ion  are ground t e s t s  i n  which t h e  SSME would be oper- 
a t e d  a t  a  h igher  t h r u s t  l e v e l  t o  accelerate the occurrence o f  any fa t i gue  
problems, The t e s t s  could reveal problems e a r l y  and prov ide a t ime margi n  
For developlng f i x e s  and apply ing them t o  f l i g h t  engines. I n  add i t ion ,  
t h e  h ighe r - th rus t  opera t ion  could prov ide  a bas i s  f o r  Increas ing  the  
SSME's t h r u s t  performance i f  operat ional  demands requiring greater  payload 
capaci t y  shoul d devel ap. 

Because e l e c t r o n i c  components i n  the  engi ne c o n t r o l  1 e r  are obsol es- 
cent,  development o f  a  new c o n t r o l l e r  i s  i n  process. To increase the 
re1  lab1 11 t y  and reduce the ma1 ntenance costs f o r  o the r  c r i  t t  ca l  components 
o f  the  SSME, a product improvement program has been i n i t i a t e d .  

Sol i d  Rocket Boosters 

Lf ghtweight s tee l  cases f o r  the s o l i d  rocket  boosters, used f o r  t he  
f i r s t  t ime on the  S h u t t l e ' s  A p r i l  1983 f l l g h t ,  increased the  Shut t le 's  
payload capaci ty  by about 260 ki lograms. A con f i gu ra t i on  provided by 
reshap ing  the th rus t - t ime curve, inc reas ing  the  nozzle expansSon r a t i o ,  
d e c r e a s t n g  t h e  t h r o a t  d iamete r ,  f i r s t  f l o w n  on the  S h u t t l e ' s  e i g h t h  
f l  l gh t ,  provided a payload .frnprovemznt o f  1,360 kilograms. A f l l  ament- 
wound composi te mo to r  case  p lanned f o r  development f o r  use i n  h f g h -  
pelSforrnance 1  aunches w i  11 provf de a pay1 oad capac i ty  about  2,275 ki 1 ograrns 
g rea te r  than t h a t  provided b,y the cu r ren t  s tee l  case. I t  w i l l  require 
min imal  o r  no recon f fgu ra t fo t~  o f  the  ex terna l  tank and t h e  o r b i t e r .  The 
plan f o r  i t s  development i s  designed t o  prov ide t h e  shor tes t  developmant 
schedule,  the  l e a s t  c o s t ,  the  least  l e c h n l c a l  r i s k ,  and the  l e a s t  e f f e c t  



on  the e x t e r n ~ l  t a n k ' s  c u r r e n t  design, I t 5  f l r s t  developmental f i r l n g  i s  
planned fo r  July  1984, and i t s  f i r s t  f l l g h t  use for  October 1985, 

P lans  f o r  t h e  SRB emphasize g r e a t e r  r e u s a b i l 4 t y  o f  p a r t s  and thc 
r e d u c t i o n  o f  f l f  g h t  damage, p a r t i c u l a r l y  damage t o  t h c  hydrau l4c power 
u n l t ,  

( c )  Exte rna l  Tank - 
The f l  r s t  1  i gh twe lgh t  e x t e r n a l  tank was Flown i n  A p r l l  1983, prov ' ld ing 

a w e i g h t  sav i ng  o f  more than  4,545 kilograms. Development i s  con t i nu i ng ,  
w l  t h e~nphasl s on cos t  r educ t i on ,  p reduc i  b i  1  i ty  , and p t o d u c ~ l  on reod i  noss 
a s  t h e  t a n k ' s  product1 an r a t e  increases and a n t i c 1  pated product1 on-f low 
and process1 ng  improvements are i d e n t l  f l e d  and Implemented, Too l i ng  f o r  
both t h e  e x t e r n a l  tank and t h e  s o l i d  r o c k e t  boos te rs  c u r r e n t l y  I s  based un 
n fllght r a t e  o f  2 1  pera year r a t h e r  t h a n  t h e  h i g h e r  f l l g h t  r a t e s  
an t i c i pa ted .  

(3)  - Lallncl~ and M i  ss ion Support 

C u r r e n t  f a c i l i t i e s  a t  Kennedy Space Center can suppor t  stmultaneous 
I aunch procass l  ng o f  two Space S h u t t l e s  th rough  assernbl y and checkout, 
However, t h e  s i n g l e  launch pad nva i l ab ' l e  a l l ows  t h e  launch  o f  o n l y  ofie 
S h u t t l e  a t  a t i m e *  A secorld l aunch  pad w i l l  become ope ra t i ona l  January 1, 
1986, A t  Johnson Space Center,  suppor t  f a c i l i t i e s  a re  be ing  inlproved t o  
upgrade techniques r e l a t e d  t o  f l  i g h t  des i  gn, f l  i g h t  ana l ys i s ,  and so f tware  
development , 

hanges and Systems Upgrad ing  

Changes and systems upgrvadl ng ac t1  v i l l e s  p e r t a i n  t o  p a t e n t i  a1 changes, 
s y s t e m  rnodl f i c a t i o n s ,  and deve lopmen ts  t h a t  a r e  n o t  i n c l u d e d  i n  t h e  
~ u r r e n t  p rogram.  They r e s u l t  f r o m  deve lopmen t  t e s t i  ng, w h i c h  w i l l  
con t inue  d u r i  ng e a r l y  ope ra t i ona l  f l  i g h t s ,  ground t e s t i n g ,  and exper ience, 
They cons i  s t  o f  programmatic and t e c h n i c a l  changes t o  improve ope ra t i ona l  
e f f ec t i veness .  The r e s u l t j n g  m o d i f i c a t i o n s  and {mprovements a r e  e s s e n t i a l  
t o  ensure that; development o b j e c t i v e s  a r e  met and turn-around t imes a re  
r e d u c e d  as f l  l g h t  r a t e s  i n c r e a s e .  Systern s t u d i e s  and c o s t - b e n e f l  t 
a n a l y s e s  a r e  i n t e g r a l  t o  t h e  p r o c e s s  o f  e s t a b l i s h i n g  priorities f o r  
proposed changes and system upgrades. 

Proposal s c u r r e n t l y  under c o n s i d e r a t i  on i n c l  ude devel  opmrrnt o f  an 
advanced (8 -ps i  ) e x t r a v e h i c u l a r  mobi 1  i t y  u n l  t and p ressure  su l  t t o  reduce 
o r  e l i m i n a t e  pre-breathe t ime  be fo re  e x t r a v e h i c u l a r  ac t1  v i  t y  ; mod1 f i  ca t1  on 
o f  t h e  o r b i t e r  r e a c t i o n  c o n t r o l  system t o  e l i m i n a t e  s t  ng l e -po in t  f a i l u r e s ,  
reduce  p rope l  1  a n t  usage, and reduce 14 f e - cyc l  e  cos ts ;  redes ign o f  t h e  
o r b i t e r  1 anding gear t o  make it; capable o f  accon;modati ng heav ie r  l a n d l n g  
we i  g h t s ,  t o  reduce t l r e  loads,  and t o  extend brake l i f e ;  and m o d i f i c a t i o n  
o f  t h e  o r b i t e r  auxi  l f a r y  power u n i t  t o  reduce turn-around t ime  and welght,  

( 5 )  Tethered Sa te l  1  J t e  System 

The Tethered Satel  l l t e  Systern w i  11 c o n s i s t  o f  a  sate1 l i t e  a t tached by 
a cable  t o  a deployer  rnechanf sin mounted on s. pa l l@' .  ill t h e  cargo bay o f  



the  arb1 t o r ,  The doployer w f  11 inc lude  a r e e l  mechanlsm and an extendable 
boom f o r  deploy1 ng, operat ing, and r e t r l e v l n g  t h e  satel 1 i t e ,  The sate1 - 
l l t e  ean welgh 200 t o  500 ki lograms and may be deployed upward o r  downward 
t o  d l  stances o f  as much as 100 k i l l  \ t a r s  from the  Shut t le .  

The Tethered Satec l i t o  System w i l l  make poss ib le  e n t i r e l y  new 
o l  ectrodynamic oxporfments, i n  sS t u  ~ b s e r v a t i o n s  i n  h4 t h e r t o  inaccessible 
r c g l  ons , and a uni quo approach t;o s l  gn l  f i  cant scf e n t i  f i c o b j c c l i  ves such 
as observat lcn o f  Important  atnlusphoric procasscs occurring ur i th ln  the 
lower  thermosphere, obscrvat lon o f  c r u s t a l  geomagnatic phenomena, and 
d l  r s c t  obsorvat! on o f  procsssas crlupl i n g  the mergnetosphere, lonosphere, 
and upper atmosphere I n  tha  125- t o  150-km reg ion  o f  the lower t ropo-  
sphere, I t  a l s o  w l l l  p rov ide a means f o r  long-term s c i e n t i f i c  axperimon- 
t n t i  on not pravf ous ly  poss ib le  such as emergency power generation, 
p ropu l  s lonless reboost and t r a n s f e r ,  long-wavo comnunlcatf ons, Mach 25 
f l  i ght , and t h o  cl u s t e r l  ng and s t a t i  on-kccp! ng o f  p la t fo rms around s space 
s t a t i o n ,  Sotno o f  I t s  planfled uses arc  described i n  Chapter I V  o f  t h i s  
r e p o r t ,  

Thu Tethered S a t o l l  l t o  System program i s  a cooperative one w l t h  I t a l y ,  
which i s  responsible FOI- dovcloplng the  s a t e l l i t e  and f o r  Instrument and 
experiment !ntcg-at! on, The Unl ted States i s  responsl b l  e f o r  developi ng 
t h e  deployer, o a1 1 program management, and i ntegrat i ion o f  the system 
w l t h  lilc 01 b i t o r .  Work t o  prepare t h a  system Par I t s  F l  r s t  f l i g h t  I s  a FY 
1984 new i n i t i a t 5 v e .  It w i l l  y l e l d  an I n i t l a 1  opera t iona l  c a p a b l l l t y  I n  
C Y  1987. The I t a l i a n  government a1 ready has appropr-lated a l l  t h e  funds 
necessary f o r  i t s  act1 v l  t f o s  assocjated w i t h  the  development; and F i r s t  
Fl i ght o f  the sate1 1 i t e ,  

b, Upper Stages 

STS upper stages are propul s l  ve systems f o r  boos t ing  Shu t t l e  pay1 oads 
t o  o r b i t s  and on t r a j e c t o r i e s  beyond those the Shu t t l e  can f ly ,  p r i n ~ a r i l y  
geosynchronous orb! t s  and p lanetary m i  s s l  on t r a j e c t o r i e s  . Upper stages i n  
process under government sponsorshfp a re  the I n e r t i a l  Upper Stage (IUS) 
and a h igh-energy  Centaur  s tage  mod! f l e d  f o r  use w i t h  t h e  S h u t t l e .  
Industry  has undertaken dclvelopment o f  th ree  verstons o f  a spinning, 
s o l  -i d-propel l a n t  upper stage and another sol  i d  upper stage cal  l e d  "tile 
Transfer Orb1 tal Stage. 

(1) L n e r t l d l  Upper Stage 

The U , S .  A i r  Fo rce  i s  developing t h e  IUS, a two-s tage ,  s o l i d -  
propel 1 ant  veh ic le  capable o f  boos t ing  2,270 kf lograms l n t o  geosynchronous 
o rb1  t f r o m  the S h u t t l e  and the T i t a n  expendable launch vehic le.  The I U S  
has been flown on both  o f  those veh ic les ,  Its f i r s t  use on t h e  Shuttle 
was to launch the f i r s t  Trackfng and Data Relay S a t e l l i t e ,  That IUS 
exper t  enced anornal i es t h a t  prolnpted defer ra l  of second use o f  the  EUS on 
t h e  S h u t t l e  t o  1984, NASA, t he  Department o f  Defense, o ther  government 
agencies, and commercial organl7at ions w i l l  use the I U S  t o  t ranspor t  heavy 
payloads froln low Ear th  o r b l t s  t o  h igh Earth o r b i t s .  



( 2 )  Centaur Upper Stages 

The Dcparttnent o f  tlofonse and NASA have ergr~ed t o  devclop jolntly the  
Centaur-G, an adaptat ion o f  the Centaur stage o f  the Atlas-Centaur expend- 
able launch vehlc le,  Centaur-G w i l l  be able t o  boost 4,535 I:llograms from 
t h e  Shu t t l e  t o  geosynchronous o r b i t  and w i l l  boeomo opernt lorral  I n  1987, 

NASA i s  devolsping a longer vers ion o f  the Centaur-G, the Centaur-G 
Prnlme, f o r  use I n  planatary r;rlssions, I t  wlll be able t o  d e l i v e r  about 
5,895 k i  1 ograms to geosynchronous orb1 t and 1 s planned f o r  use I n  1986 on 
both G a l i l e o  and the In tc rna t iona1 Sot a r  Polar  MI eliian, 

( 3 )  Payload Ass is t  Module 

The McDonnell Douglas Corporat ion has  undertaker^ development of pay- 
load a s s i s t  modules f o r  use on nl issions r e q u i r i n g  less pr*opulsive e n w  y 
t h a n  t h a t  provided by t h e  IUS, The Payload Assmist Module (Del ta c lass  4 , 
called the  PAM-D, has been used t o  launch several m l  sslons on both De l t a  
expendable lourlch vehi e les  and the  Shut t le .  An fmproved perfor~nance 
versf  on o f  t h e  PAM-0, desl  gnated PAM-Dl I ,  i c u r r e n t l y  under develop!nent. 
The Payload A ~ s i  st Module (At1 as c lass) ,  PAM-A, has cofnpl eted devzl opment , 

S a c e l a b  i s  a versatile faciilty that,  installed i n  the cargo bay of R the  S u t t l  e orb1 t e r ,  a f fo rds  sc l  e n t i  s t s  the opportunf t y  t o  conduct experf - 
ments i n  t he  unique envf ronment o f  space, The program inc ludes  hob1 tab le,  
p ressur l  zed nodules; experiment p a l  l e t s ;  an Instrutaent Po in t ing  System; 
and ground support, f ncl uding  hardware i ntegra t f  on and payload operatf  ons 
c o n t r o l  facilities, I t  I s  a cooperat ive venture by the European Space 
Agency and NASA, 

(1) Spacel ab Opera t i  ons 

Two Spacelab p a l l e t s  c a r r y i n g  s c i e n t i f d c  instruments were f lown d l r r iny 
t h e  S h u t t l e  Orb i ta l  F l i g h t  Test program, one as  the  OSTA-1 payload i n  
November 1981 and one as the OSS-l payload i n  March 1982. The v e r i f i c a -  
t i o n  f l i g h t  o f  tne  Spacrlab module con f i gu ra t i on  was conducted du r ing  a 
dedtcated S h u t t l e  f l i g h t  launched Novetnber 28, 1983. A second decifcated 
v e r l  f icat . Ion f l l g h t ,  i n v o l v i n g  an a l l - p a l  l e t  conf i  gura t lon  and an 
Ins t rumen t  Po in t f  ng System, i s  scheduled f o r  f l i g h t :  I n  mid FY 1985. The 
S7'S mani f e s t  a1 so inc ludes  a nurnber o f  Spacel ab Operat i  onal Mf s s l  ons, 
F i  gure IV-2  shows Spacel ab re1 ated m i  s s i  ons planned through FY 1989. 

(2 )  Space1 ab CapaPi 1 t y  Development _I 

The Spacelab program offers a wide range o f  capabilities t o  users, as 
shown i n  F igure  IV-3, Techniques and systems t o  s a t i s f y  cost  e f f e c t i v e l y  
the many needs of users are c u r r e n t l y  being e i t h e r  evaluated o r  developedl 
Examples are  development o f  t h e  rnlxed cargo mode and t h e  s t reaml in ing  o f  
ground techniques t o  a l l o w  the f l y i n g  o f  payloads w i t h i n  s i x  months sr 
less,  
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FIGURE IV-3 
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Many f l l g h t  o p o r t u n i t f e s  f o r  Spacelab payloads w i l l  be ava i l ab le  on R Shut t le  f1ight;s w ose prlniary purpose i s  t o  deploy s a t e l l i t e s  and upper 
s t a g e s ,  Kul t ip lexer-demul t i  p?exer  pal  1 e t s  c u r r e n t l y  prov ide 1 f m i  t e d  sub- 
system support f o r  such pay1 oads, For mixed-cargo missions r e q u i r i n g  
Space1 ab' s  f u l l  data-management capabi 1 i t y  , a modi f f ed system c a l l  ed the 
Spacelab Pal l e t  System I s  under development. I t  I s  t o  be used for the  
f i r s t  t ime I n  late 1985 t o  ca r ry  the  science payload associated w i t h  the  
a r r i v a l  o f  H a l  l e y ' s  Comet. 

A novel Shu t t l e  manj f e s t l n g  concept, designated Ill t chh i  ker ,  t h a t  a1 so 
w i l l  add t o  Spacelab's c a p a b i l i t y  i s  under development. I t  w i  11 prov ide a 
simple i n t e r f a c e  w i t h  experllnents, as we l l  as w i t h  the  Shut t le ,  thus 
mak ing  i n t e g r a t i o n  f o r  f l i g h t  e a s i e r  and l e s s  c o s t l y .  F l i g h t  o f  an 
experiment us ing  H i tchhfker  w i l l  be poss ib le  on l y  s i x  months a f t e r  the 
exper fmeki t 's  se lect ion.  H I  t chh i  ker  i s  designed t o  reduce experimenters' 
c o s t s  and L J  ap t im i re  S h u t t l e  load fac to rs .  I t s  f i r s t  app l i ca t fon  i s  
planned f o r  1985. 

(3)  Spacel ab P r i  c i  ng Pol l cy 

The successful  complet ion o f  t he  f i r s t  Spacelab miss ion has drawn the  
i n t e r e s t  o f  po ten t i a l  cammercial users. To e s t a b l i s h  a cons is ten t  b a s i s  
f o r  cost  reimbt~rsernent and make p u b l i c  t he  cost  o f  us ing Spacelab, a 
p r i c i n g  po l  icy f o r  Spacel ab I s  being developed, Planned f o r  pub1 i c a t i  on 
t h I s  y e a r ,  I t  w i l l  p r o v i d e  p r i c i n g  p r i n c i p l e s  f o r  s tandard  Spacelab 
services by conf igura t ion ,  

d, Spacef l igh t  Operations 

Spacefl .lght; operat ions consf s t  o f  a1 1 the  essent ia l  s f o r  planning, 
scheduling , and conduct ing space missions, i n c l u d i n g  people, fac i  1  l t i e s  
and ground equipment, support ing computers and communications 1 inks, 
a n c i l l a r y  f l i g h t  hardware* f l i g h t  111 anning and schedul i ng, operat ing 
procedures, m l  ss ion c o n t r o l  , l o g i s t i c s  support, user i n te r faces ,  and 
ove ra l l  program management o f  a1 1 those elements. Plans inc lude cont inu-  
4 ng prov i  s i  on o f  standard operat ional  support serv ices t o  expendable 
launch vehic les,  as  wel l  as t o  the  Shut t le .  

(1) Space S h u t t l e  Operations 

The Space Shutf l e  operat ions program provides f o r  1 aunching missions 
f o r  :JhSP,, t he  Department o f  Defense, o ther  U.S. government agencies, 
domestlc conimerci a1 organi zat ions , and i n t e r n a t i o n a l  organi z a t i  ons. Four 
f l i g h t s  took  p lace i n  FY 1983. S i x  f l i g h t s  are scheduled for FY 1984, 
twelve fo r  FY 1985, 15 f o r  FY 1986 ( i n c l u d i n g  the  f i r s t  West Coast  launch, 
s e t  f o r  October 1985), 21  f o r  FY 1987, 23 f o r  FY 1988, and 24 f o r  FY 1989 
and each year  beyond. Operat ional support provided i nc l  udes producj ng 
external  tanks and sol  id - rocket  boosters ; prov id ing  , overhaul ing , and 
r e p a i r i n g  operat ional  s  ares; and fu rn i sh ing  manpower, propel lants,  and 
other  ma te r i a l s  f o r  f l i g  I: t, launch, and land ing  operat ions. 

The p r i c e  t o  non-NASA customers f o r  the  S h u t t l e ' s  launch serv ices 
depends on the: s i z e  o f  the customer's payload and t h e  serv ices required. . 
For  s tandard  launch services, t he  p r i c e  i n  FY 1975 d o l l a r s  is $18 m i l l i o n  



p e r  f l i g h t  through FY 1985 and $38 m i l l i o n  per f l i g h t  f o r  FY 1986 through 
FY 1988. The charge t o  the Department o f  Defense I n  FY 1975 d o l l a r s  i s  
$16 m i  1 l i o n  f o r  f l i g h t s  i n  FY 1984 and FY 1985 and $29.8 m i l l  i on  f o r  
FY 1986 through FY 1968, 

Space Shutt;l e operat ions a re  be1 ng strean11 l fled by cons01 l d a t i  ng 
r e 1  ated program functions under s ing le  management cont rac tors .  A Base 
Operations Contract  has been i n  f o rce  since December 1982 a t  Kennrd,) Space 
C e n t e r  f o r  a l l  Shut t le ,  cargo, and l n s t l t u t i o n a l  support. Tt: rep'laces 14 
c o n t r a c t s  and 7 subcontracts. A Shu t t l e  Processing Contract  i n  e f f e c t  a t  
Kennedy s ince Seyteniber 1983 f o r  handl lng a l l  o f  t h e  launch and land ing  
operat ions a t  bo th  Kennedy and Vandenberg A i r  Force Base supplants 12 
contracts,  and a F a c i l i t y  Maintiwance Contract has been i n  s f fec t  a t  
M i  choud Assembly Faci  11 ty  s l n c e  January 1983. Johnson Space Center has 
p lann ing  i n  process f o r  a Mf ss ion  Operations Contract That  w i l l  become 
e f f e c t i v e  i n  ear ly  1986, rep1 ac i  ng approximately 12 contracts.  

( 2 )  Expendable Launch Vehlcles ( ELVs) 

The E1.V program provides f o r  procur ing ELVs and supply ing Isunch- 
s u p p o r t  serv ices no t  only t o  meet the needs cjf NASA's automated space- 
c r a f t ,  but  a l s o  t h e  needs o f  o the r  agencies and o rgan l ra t i ons  us ing t h e  
ELVs and serv ices on a rleilnbursable basis. The cur ren t  f a m i l y  o f  ELVs 
consdsts o f  t he  Scout, Delta, , W a s ,  and Atlas-Centaur systems. 

Expectations are  t h a t  about 42 ELV launches w i l l  be requ i red  dur ing  
t h e  1983 through 1987 t r a n s i t i o n  o f  payloads t o  the  Shut t le .  ELVs wil l  
launch spacecraf t  t h a t  the Shu t t l e  schedule i s  unable t o  accommodate and 
wi 1 1  prov ide launch assurance i n  case o f  s l i p s  i n  t he  S h u t t l e  schedule. 
They w i  11 be phased out as the S h u t t l e ' s  operat ional  capabi 1 i t y  increases 
t o  meet a l l  demands f o r  launch services. 

Trarispace Car r i e rs  Inc. and General Dynamlcs Corporat ion have been 
s e l e c t e d  t o  be t h e  commercial operators o f  the  De l ta  and A t l as  Centaur 
p rograms.  Agreements a r e  b e i n g  n e g o t i a t e d  o u t 1  i n i n g  d e t a i l  s o f  t h e  
t r a n s i t i o n  o f  product ion and market ing r e s p o n s i b i l i t i e s  t o  them. 

2. New I n i t i a t i v e s  

In consonance w i t h  National Space Po l icy ,  NASA's next m a j o r  goal i s  t o  
e s t a b l i s h  a permanent manned presence i n  space. The Space F l i g h t  program has 
focused much of i t s  advanced programs on t h a t  goal, i d e n t i f y i n g  p o t e n t i a l  
space programs and systems tha t  w i l l  support it. The program a l so  includes 
advanced development a c t i v i t i e s  t o  improve performance and re1 f ab i  1  i t y  and t o  
reduce program cos ts  ?nd r i s k .  Therefore, the  program's major ob jec t i ves  are 
t o  d e f i n e  the systems elements and systems a rch i tec tu re  needed t o  achleve a 
permanent manned presence I n  space and t o  conduct space o p e r a t i  ons over the  
next 20 years. 

Systems opt ions depend on the a v a i l a b S l i t y  o f  the  space s t a t i o n  t h a t  t h e  
P r e s i d e n t ' s  S t a t e  o f  t h e  Union address  e s t a b l i s h e d  as N A S A ' s  n e x t  ~ r , s j o r  
i n i t i a t i v e  (see Chapter V ) ,  I nc lud ing  i t, t h e  Space F l l g h t  program's fu tu re  
a c t i v i t i e s  f a l l  na tu ra l  l y  i n t o  f o u r  major categories: manned fac i  1 i t i e s  
(crew- and 1 i fe-support systems), unmanned p l a t  forms, sate1 1 i t e  services , aqd 



advanced t r a n s p o r t a t i o n .  Planned work I s  i n  consonance w l  t h  those  categories, 
D c s c r i p t l o n s  o f  proposed nevd i n i  t l a t i v e s  f o l r ~ o w ,  and Sec t i on  E desc r l  bes 
advanced s t u d i e s  planned t o  l d e n t l  fy f u t u r e  systems and opera t ions .  

a. Orb i  t a l  Maneuver1 ny V e h i c l e  (OMV) 

The OMV, f o rme r l y  t h e  Te leopera to r  Maneuvering System, w i l l  be a 
r e u s a b l e  extens ion o f  t h e  STS t o  f t l l  t h e  need f a r  conduc t ing  opera t ions  
w i  t h  spacecraf t  and payloads i n  orb! t s  beyond t h e  o r b b l l e r ' s  practical 
o p e r a t i o n a l  I i n ~ i t s .  I t  w311 be a f r e e - f l y l n g ,  remote ly  p i l o t e d  v e h i c l e  
f o r  use  w i t h  t h e  S T S ,  and l a t e r  w i t h  t h e  space s t a t l o n ,  t o  p e r f o r m  
s a t e l  I i t e  serv ices.  Con t ro l  led p r i m a r i l y  f rom t h e  ground, and l a t e r  from 
t h e  space s t a t i o n ,  t h e  OMV i n i  tl a1 l y  w i  11 p rov lde  spacec ra f t  placement , 
p l  anned and cont ingency payload r e t r i e v a l  , spacecra f t  view1 ng, science 
suppor t  as a f r e e - f l y i n g  s u b s a t e l l i t e  ope ra t i ng  i n  t h e  v i c i n f t y  o f  t he  
o r b i t e r ,  and sate1 1  i t e  and payl  oad se rv i ces  , Late r ,  advanced miss ion  k i t s  
can  be added t o  t he  OMV t o  g i v e  i t  more advanced s e r v i c l n g  c a p a b i l l  t i e s  
such as assembly and s e r v i c i n g  o f  l a r g e  space systems, dexterous man! pu la -  
t i o n  i n  planned and cont ingency s e r v i c i n g  o f  sate1 1  i t e s ,  remote r e f u e l  i ny 
o f  s a t e l l i t e s  and p l a t f o rms ,  and t h e  r e t r i e v a l  and d e a r b i t  o f  d i sab led  
s a t e l  li tes ,  space debr i s ,  and o t h e r  ob jec t s .  S t i l l  l a t e r ,  t h e  OMV cou ld  
be boosted from t h e  S h u t t l e  o r  space s t a t i o n  by t h e  T rans fe r  O r b i t a l  
S tage ,  a Centaur upper stage, o r  an advanced o r b i t a l  t r a n s f e r  v e h i c l e  t o  
p rov i de  those se rv l ces  i n  remote o rb1  t s .  

S t u d i e s  are  * in process t o  d e f i n e  t he  OMV system and i t s  sr lppor t ing 
elements and t o  e s t a b l i  sh d e t a i  1  ed schedule and f und ing  requirements.  
S y s t e m  d e f i n i t i o n  i s  s chedu led  t o  b e g i n  i n  l a t e  FY 1984. R e l a t e d  
suppo r t i ng  development work i n c l u d e s  eva l  u a t i o n  o f  d i s p l a y  and c o n t r o l  
s t a t i  on requirements ; d e f i  n f  ti on o f  rendezvous and dock ing system 
requ i  rements and sensor needs; development and t e s t  o f  a payload dock ing 
mechanism; developnient o f  s i m u l a t i o n  f a c i  1  i t i e s  and assoc ia ted  sof tware;  
development o f  a f u l l - s c a l e  mock-up f o r  f i t , form, and systems i n t e g r a t i o n  
and packaging analyses ; advanced devel  opment o f  a  rendezvous and dock ing 
r a d a r ;  t e s t  and e v a l u a t i o n  o f  cameras, 1  i g h t l n g ,  and rad io- f requency 
c o n t r o l  systems; and development o f  pay l  oad s e r v i c i n g  c o n t r o l  s and 
i n t e r f a c e  mechani sms . Advanced mi ss i on  k i t s  t o  p rov i de  remote r e f u e l  i ng 
and ser ' v i c ing  cou ld  be added one t o  two years  l a t e r .  Extens ion of OMV 
c a p a b i l i t i e s  t o  i n c l u d e  ope ra t i on  f rom t h e  space s t a t i o n  may be r e q u i r e d  
i n  t h e  e a r l y  1990s. 

b .  Sate1 1  i t e  Serv ices  F l i g h t  Exper iments and Demonstrat ions 

One o f  t he  major o b j e c t i v e s  o f  t h e  Space F l i g h t  program i s  t o  c a p i t a l -  
i z e  on t h e  STS as a t e s t  bad f o r  f l i g h t  exper iments and demonstrat ions.  
S h u t t l e  opera t ions  and sate1 li t e  s e r v i c i n g  a c t i v l  t i e s  o f  t h e  S h u t t l e  and 
t he  space s t a t i o n  w i l l  c r ea te  a g r e a t  need fo r  o r b i t a l  t e s t s  and demon- 
s t r a t i o n s  o f  some systems and of advanced payload ope ra t i ons  between t h e  
development phases o f  systems d e f i n i t i o n  and systems des ign.  To meet t h a t  
need, f l i g h t  exper iments a re  be ing  d e f i n e d  t o  demonstrate S h u t t l e  capabi l - 
i t i e s  and  d e v e l o p  u s e r  c o n f i d e n c e  i n  s a t e l l i t e  s e r v i c e s  and o r b i t a l  
o p e r a t i o n s  w i t h  l a r g e  space s t r u c t u r e s .  P a r t i c u l a r l y  w i t h  respect  t o  
S h u t t l e  c a p a b i l i t i e s ,  t h e  focus i s  irn d e f i n i t i o n  o f  t o o l s  and techniques 
f o r  t h e  placement, s e r v i  c ing ,  and r e p a i r  o f  sate1 1  i t e s  i n  low o r b i t  and on 



i n i  t i  a1 s tud ies  o f  replenishment f o r  s a t e l  t i  tes  i n  geostationary o r b i t .  
The l ow  o r b i t  developments are aimed a t  an In-Day Tanker p a l l e t ,  a set o f  
s tandard  spacecraft  f l u i d  connectors, and extrav ' . ,  i c u l a r  a c t i v l  ty too l s .  
The In-Bay Tanker p a l l e t  w i l l  be c a r r j c d  l i k e  at other payload I n  the 
o r b 1  t e r  's cargo bay t o  s to re  the propel  1 ant  f o r  r e f u e l  i ng s a t n l l  i t e s  . 
Standard spacecraf t  f l u i d  connectors w i l l  be equipment common t o  a l l  
sate1 1 i t e s  r e q u i r f  ng I n - ~ . - ~ L i " c u e l  l n g ,  New and improved cx t raveh lcu la r  
a c t i v i t y  t o o l s  w i l l  lncrueasc the e f f l c l e n c y  o f  crews working i n  space 
s u i t s  outsfde the  orb1 ter,  enabl l n g  them t o  operate the  s e r v i c i n g  
equlpment e f f i c i e n t l y .  

Plans are t o  use low-cost, experimental, and pro to type equipment o r  
equlpment acqui red for o ther  rurposes t o  s a t i s f y  %he ob jec t i ves  o f  fl  j gh t  
demonstrations. For example, t he  S h u t t l e ' s  eleventh f l i g h t ,  f n 1984, w i l l  
demonstrate sate1 11 t e  r e t r i e v a l  and r e p a i r  on the  c u r r e n t l y  f ncapaci t a t e d  
So lar  Naxlmurn M I  sr ,on observatory. I n  a subsequent f l i g h t  demonstration, 
f l u j d  behavior  f i r s t  w i l l  be studied us ing  p l a s t l c  tanks and a reference 
f 1  u'd i n  t h e  o r b i t e r  mid-deck t o  e s t a b l i  sh engineer1 ng understandf ng of 
f l  i f i d  t r a n s f e r .  Then, an O r b i t a l  Refue l ing  Demonstration i s  planned dur- 
i ng which an astronaut performing ex t raveh icu la r  a c t i v i t y  w i l l  connect a 
r e f u e l i n g  va lve  manually t o  t h e  f i l l  va lve  o f  actual  s a t e ' t l i  t e  propuls ion 
t a n k s  mounted i n  the  o r b i t e r ' s  cargo bay and conduct several cyc les o f  
r e f u e l i n g  w i t h  h y d r a z i n e  t o  study f l o w  and the a t t e n d a n t  a d i a b a t i c  
c o n d f t i o n s .  That den~onstra l ion I s  a keystone t o  a se r ies  o f  demonstra- 
t i  ons o f  t he  po ten t i a l  o f  s a t e l l i t e  s e r v i c i n g  equipment and f a c i l t t i c s  
such as t he  In-Bay Tanker p a l l e t  mentf oned i n  the  preceding paragraph. 
The orb i  t a l  r e f u e l  j n g  program possfb ly  a1 so w i l l  i nc lude  f l i g h t  demon- 
s t  r a t i o n s  w l t h  a l t e rna te  tankage conf igura t ions ,  f l u i d s ,  and new quick-  
d isconnect  v a l v i n g  systems designed t o  p rov ide  ease o f  se rv i c ing  and 
known, proven in te r faces .  

A n o t h e r  example i s  a c u r r e n t  experiment t h a t  i s  u s i n g  d a t a  from 
opera t ions  w i t h  t h e  Shu t t l e ' s  Remote Manipulator System t o  develop and 
evaluate models f o r  la rge ,  f l e x i b l e  s t ruc tures ,  Also, i n  two planned 
experiments, the  Experimental Assembly o f  Structures irr Ex t raveh icu la r  
A c t  i v i t y  and t h e  Assembly Concept f o r  Construct ion o f  Erectable Space 
Structures,  crew members on the  S h u t t l e ' s  twen ty - f i  f t h  f l i g h t  w i  11 prov ide 
da ta  f o r  use i n  calibrating the Neutral  Buoyancy Simulator  a t  Marshall 
Space F l i g h t  Center by assembling and deploy ing s t ruc tures  i n  f l i g h t  w i t h  
the  sarnti t o o l s  and techniques they had used i n  the  s imu la tor .  

The program o f  s a t e l l i t e  serv ices f l i g h t  experiments and demonslra- 
t i o n s  w i l l  cont inue t o  address mat ters such as module exchange; p rox im i t y  
ope ra t i on  techniques; smart, dexterous end e f f e c t o r s  ; voice-contro l  l e d  
t e l e v i s i o n ;  i n f r a r e d  intercoms; 1 aser docking; and 1  arge-scale storage o f  
cryogenics. I t  w l l l  develop f u r t h e r  capabi l i l y  thereby and i s  expected t o  
generate new evolut ionary programs and establ  i sh t h e i  r feasi  b i  1 i ty ,  
mer i t s ,  and r e l a t i v e  p r i o r i t i e s .  

Advanced Crew Support - 
To equip t h e  Shut t le  and the  space s t a t i o n  f o r  quick-response 

s e r v i c i n g  o f  s a t e l l i t e s  and t h e  space s t a t i o n  f o r  meeting the expected 
h i g h  d a l l y  r a t e  o f  ex t raveh icu la r  a c t i v i t y ,  t he  Space F l i g h t  program has 



under study a t o t a l  I y new extravehf cu1 a r  act1 v i  t y  system and I n t e r f a c i n g  
elements that  w l  l l  f os te r  human p r o d u c t i v i t y ,  The study i n i  t i a l l y  w i l l  
concentrate on p r o j e c t i n g  mission requi rements and devel opi  ng p r e l  i m l  nary 
system concepts, Its r e s u l t s  w i l l  be incorporated i n t o  an a c q u i s i t i o n  
p l a n  t h a t  w i l l  p rov ide  s i x  f l i g h t  u n i t s  do the  I n i t i a l  space s t a t i o n  and 
two f l l g h t  c e r t i f i c a t i o n  u n l t s  f o r  use i n  demonstrating the  system on the 
Shu t t l e  before f i n a l  decisl trns are made on the requirements f o r  the  system 
t o  be used UII l a t e r  space s la t lons .  R p r  l i m i n a r y  set  o f  requirements 
i nc l  udes d a l l y  usage, i n - o r b i t  m a i n t a i n a b i l i t y ,  hf gh mobIli t y ,  l ong  I f  fc, 
non-venti ng ope ra t i  on, automated check out, heads-up d i  spl ay , automated 
v l  sor dens! t y  con t ro l  , and reyenerabl e, por tab le  I i f e  support subsyste~ns, 

C. I n s t t  t u t i o n a l  Management 

The O f f i c e  o f  Space F l i g h t  has responsi bf l i t y  f o r  I n s t i t u t i o n a l  management 
o f  f ou r  NASA f i e l d  i n s t a l l a t i o n s :  Johnson Space Center, Marshall Space F l i g h t  
Center, Kennedy Space Center, and Nat l  onal Space Techno1 ogy Laborator ies. 

1. Marshall Space F l i g h t  Center 

E s t a b l i s h e d  I n  1960 f o r  t h e  purpose o f  developing launch vehic les f o r  t he  
Apol lo  and subsequent programs, Marshal l  Space Fl i ght Center today designs and 
devel ups space t r anspar ta t j on  systems, orb1 t a l  systems, science and appl i ca- 
t i o n s  payloads, and other systems f o r  space exp lora t ion .  I t  has the p r i n c i p a l  
role w i t h I n  NASA for  rocke t  propul sf on systems, I t  n l  so has assembly f a c ?  11 - 
t5es and provides centralized computer services f o r  other  NASA centers and 
t h e i r  cont rac tors  and f o r  o ther  government agencies. It: has the fo l l ow ing  
areas o f  technl  cal  e x p e r t i  se: 

o Propul s i  on Systerns Desi gn Analysi s 

o Mater i  a1 s Science and Engineering 

o S t ruc tu ra l  Deslgn a ~ d  Analysis 

o  Test Design and Englneerlng 

o  System Dynamlcs Analys is  

o Large Systems Engineering, Analysis,  and Management 

o Heat Transfer Analys is  

o  Data Systems Design and Analysis.  

2. Johnson Space Center 

Johnson Space Center was es tab l ished i n  November 1961 t o  s a t i s f y  NASA's 
need f o r  a c e n t e r  w i t h  p r i m a r y  r e s p o n s i b i l i t y  f o r  managing t he  des ign ,  
development , and manufactwe o f  manned spacecraft  ; se lec t i r lg  and t r a i n i n g  
astronaut crews ; and conduct ing manned spacefl i g h t  missions. The w e d  fo r  
those func t ions  has cont jnued as t he  Nat ion has progressed through ambitious 
u n d e r t a k i n g s  such a s  t h e  A p o l l  o and Sky1 ab programs, Apol 1 o-Soyuz T e s t  
Pro ject ,  and Space Shu t t l e  program. In addi t ion,  Johnson conceives, plans, 



and develops advanced m i  s s i  ons ; conducts research I n  t h e  1 i f e  scl encea ; and 
perforrns Earth rasourcos surveys. I t s  areas o f  , technical exper t i se  are as 
fo l lows:  

o Space F l i g h t  Mechanics o f  Manned Vehicles 

o Data Systems and Analys is  

o Space F l  l g h t  Systems f o r  Manned Vehicles 

o F l l g h t  Crew Trafn ing and Mission Simulat ion 

o Mission Operations for  Manned Vehlcles 

o Earth Resources Surveys 

o Envl ronmental Control and L i  f e  Support Systems 

o Mar~agement o f  Large-Scale Systems and Programs 

a Remote Senslng Systems, 

3. Kennedy Space Center 

Kennedy Space Center was estab l ished i n  J u l y  1962 t o  serve as  t he  pr imary 
NASA center f o r  t e s t ,  checkout, and launch o f  space vehicles. I t  has since 
grown t o  become t h e  major Free World launch s i t e ,  w i t h  a C i v i l  Service s t a f f  
possessing unparal l e l e d  skf 11 s I n  t es t i ng ,  check1 ng out, and 1 aunchi ng space 
veht cles and i n  designing associated ground support equipment, Space Shu t t l e  
f l i g h t s  began a t  Kennedy i n  1981 and w i l l  begin a t  the Western Space and 
M i s s i l e  Center  a t  Vandenberg Air Force Base i n  1985. Expendable l a u n c h  
v e h i c l e  operat ions a r e  conducted a t  both Vandenberg and the Eastern Space and 
M i s s i l e  Center  a t  Cape Canaveral  A i r  F o r c e  S t a t i o n .  Kennedy's  a reas  o f  
t echn ica l  exper t i  se i ncl ude : 

o F l i g h t  Systems Test J 

o Faci 1 i t y  and Equipment Development and Operations 

o Launch Operations 

o Cargo Processing 

o Technf ca l  Pro jec t  Management. 

National Space Technol ogy Laborator ies 

C o n v u c t e d  and operated d u r i n g  the  1960s under the  name M iss i ss ipp i  Test 
Faci  1 i ty, National Space Technol ogy Laborator ies conducted acceptance t e s t i n g  
of the booster stages o f  t he  Saturn rocke t  systems, Today, i t  I s  NASA's  
p r f  n c i p a l  s t a t i c  t e s t  f a d  l i  t y  f o r  l a r g e  1 iqu id-propel1 ant rocket  engines and 
propu ls ion  systems. I t s  change I n  name was made i n  June 1974 t o  emphasize i t s  
emerging r o l e  i n  space and environmental technology. Its areas o f  techn ica l  
expcvt ise are as fo l lows:  



o  Test1 ng o f  Large tl q v i  d -Prope l l  ant: Rocket Engines 

o  Ea r t h  Resources Observat l  on. 

D. Tcchnical  Re1 a  t l o n s h l  pr; Between Program Elements 

The goal o f  a permanent U.S. manned presence I n  space r e q u i r e s  development 
o f  a mu1 t l  -equipment i n f r a s t r u c t u r e  o f  ground- and space-based technical 
systems, as we1 1 as smooth 4 n  t e r p l  ay and e f f  l c i  e n t  co~npl  ementar i  ty  b e t w a n  
t hose  systems t o  p rov i de  t h e  g rea tes t  p o s s f b l o  economy and e f f e c t l v e n c s s  o f  
opera t ion .  The c e n t r a l  e lement I n  the  space-based p a r t  o f  the i n f r a s t r u c t u r e  
I s  the space s t a t l o n .  I n  essence, t he  impor tance OF t h e  space s t a t i o n  t o  
opera t ions  i n  space I s  e q u i v a l e n t  t o  t h e  Importance o f  t h e  Spaco S h u t t l e  do 
t r a n s p o r t a t i o n  f r o m  E a r t h  t o  l o w  E a r t h  o r b i t  . I n  add1 t i o n  t o  providing 
I aboratory  f a c i  11 t i e s  f o r  sc ience , appl i c a t  1 ons and techno1 ogy experiments, 
the space s t a t l o n  w i l l  become an i nd i spensab le  node i n  t r a n s p o r t a t f  on t o  
h i g h e r  o r b i t s  as w e l l  a s  an  o r b i t a l  s e r v l c e  c e n t e r .  As f o c a l  p o l n t  and 
"mother sh i p "  o f  t he  e n t i r e  space i n f r a s t r u c t u r e ,  i t  w i l l  a l l o w  t h e  l i ~ n i f e d  
S h u t t l e  f l e e t  t o  be used e f f i c ' i e n t l y  w h i l e  ensu r i ng  economical and e f f i c i e n t  
access t o  a l l  o t he r  elamants o f  t he  i n f r a s t r u c t u r e ,  Because i t w i l l  be v a s t l y  
supe r i o r  t o  t h e  S h u t t l e  as an o r b i t a l  ope ra t i ons  base by v i r t u e  o f  i t s  g r e a t e r  
onboard resources and permanent d u r a l l  on, i t  w i  l 1  serve the l n f r a s t r u c t u r e  as 
a  f a c i l i t y  f o r  s e r v i c i n g  f r e e - f l y 1  ng spacec ra f t ,  f o r  s to rage  and assembly 
o p e r a t i  ans, and as a conimuni cat !  orls and da ta  process i  ng node. 

The space s t a t i o n  a lone  cannot c rea te  a  permanent presence I n  space. That 
goal  w l l l  r e q u i r e  assoc ia ted  elements such as those shown on F igu re  I V - 4 ,  
which i 11 u s t r a t e s  the  necessary i n f r a s t r u c t u r e  and the re1  a t i  onshi  ps between 
t h e  . I n f r as tuc tu re ' s  elenients. The major elernents and t h e  r a t i o n a l e  u n d e r l y i n g  
and l l n k l n g  them are  desc r i bed  i n  Sect ion E o f  t h i s  chapter .  

F l g u r e  I V - 4  shows c l e a r l y  t h a t  t h e  S h u t t l e  i s  t h e  p r imary  means o f  access 
t o  low orb-its and t o  t h e  space s t a t i o n ,  which t hen  i s  t h e  p r ima ry  means o f  
access  t o  geosynchronous  and  o t h e r  ~ r b l t s .  To be mos t  u s e f u l ,  b o t h  t h e  
S h u t t l e  and the space s t a t i o n  w i l l  have t o  operate  i n  c o n j u n c t i o n  w i t h  o t h e r  
systems, such as permanent unmanned p l a t f o r m s  and f r e e  f l y e r s  I n  va r i ous  
o r b i t s ,  and w4th a u x i l i a r y  t r a n s p o r t a t i o n  and maneuvering veh i c l es .  Orb1 t a l  
t r a n s f e r  v e h i c l e s  may be e f t h e r  expendable o r  reusable.  I f  reusable ,  t hey  
e i t h e r  may be brought back t o  Ea r t h  by t h e  S h u t t l e  a f t e r  t h e i r  r e t u r n  f rom 
h ighe r  o r b i t s  o r  be se rv i ced  and r e f u e l e d  a t  .the space s t a t i o n .  Free f lyers 
and p l a t f o rms  i n  o r b i t s  t h e  o r b i t e r  cannot reach w i l l  r e q u i r e  t he  services of 
a n~aneuver i  ng system such as t h e  O r b i t a l  Maneuveri rlg Veh ic le  descr ibed  e a r l  i e r  
under New I n i t i a t i v e s .  Pal  r i n g  t h a t  v e h i c l e  w i t h  an O r b i t a l  T rans fe r  Veh ic le  
w i l l  pe rmi t  i t  t o  se r v i ce  unmanned p l a t f o rms  and f r e e  f l y e r s  I n  geosynchronous 
o r b i t  . 

Advanced Stud ies 

The Space F l i g h t  program's  advanced studies serve t h e  same fou r  major  
program ca tego r i es  t h a t  i t s  new i n i  ti a t i  ves serve: manned space f a c i  1  i t i e s ,  
unmanned p l a t f o rms ,  sate1 1  i t e  serv ices,  and advanced t r a n s p o r t a t i o n .  
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1, Manned F a e l l i t i e s  

Crew and l i f e  s u p p o r t  systems a r e  c e n t r a l  t o  t h e  s u p p o r t  o f  manned 
operat ions i n  space, Thelr  expected evo lu t i on  t n  the  th ree  major areas o f  
1 l fe support, habi tab1 1 -I ty prov l  s ions, and ex t raveh icu la r  act1 v i  t y  systems I s  
shown on Figure IV-5. For t he  l i f e  support systems o f  the  space s t n l l o n  and 
l a t e r  rnanned f a c l l l t i e s ,  t h e  t a r g e t  o f  experiments us ing  t h e  Shu t t l e  and, 
l a t e r ,  the  space s t a t i o n  as a t e s t  bed w l l l  be successive c losure  o f  t h e  water 
l o o p  and a i r  l o o p  t o  p r o v l d c  t h e  c l o s e d  c y c l e  l l f e  suppor t  system shown 
sclremati cal ly on F i  gurc IV-6. Some early suggest! ons f o r  f l  f  ght  experiments 
and demonstrations dnd poss ib le  development stops t o  evolve crew and l i f e  
suppof t systems are d l  sp l  ay jd on F l  guro I V - 7 .  Impr*ovements i n  hab l tab1 1  i t y  
a lso w i  11 be requl red f o r  permanent rnanned presence i n  spdce, Those improvem 
ments u l t i n ~ a t e l y  must prov ide norrns i n  splrce food and hygiene systems t h a t  
approach those on Earth, as we l l  as enhancement o f  inan-machine i n t e r a c t i o n s  t o  
achieve h igher  human product i  v i  t y  i n  space, That h l  gher product i  v i  t y  w l  11 bs 
sought a g r e s s f v e l y ,  u s i n g  b o t h  t h e  S h u t t l e  and t h e  space s t a t l o n  f n  t h e  
develop~nent o f  ~ u p e r i o r  ex t raveh icu la r  a c t i v i t y  systems such as a hfgher- 
pressure space s u i t  c u r r e n t l y  under development t o  e l im ina te  the  need f o r  
prebreat l i ing; a regcnerable ex t raveh icu la r  m o b i l i t y  u n f t  and backpack t h a t  can 
be m a i n t a i n e d  I n  o r b i t ;  an advanced manned maneuvering u n i t ;  and a crew 
capsule f o r  tnanned access t o  h igher  o r b i t s .  

2. Unmanned Platforms 

The Agency's object1 ve o f  economical support o f  payl oads requf res payload 
aggregation, standard! zed orb1 ts ,  and human-tendi ng (see Tab1 e IV-1) . The 
f i r s t  step f  n  meeting those requirements w l l l  i nvo l ve  t h e  use o f  p la t fo rm- l i ke  
Instrument c a r r i e r s  c a l l  ed qui  ck-react ion oppor tun i ty  c a r r i e r s ,  such as t he  
H i tchh iker  mentioned e a r l i e r .  Then, permanent f r e e - f l y l n g  o r  te thered p l a t -  
forms and f a c i l i t i e s  t h a t  are based a t  t h e  space s t a t i o n  o r  are remotely 
tended w l l l  be needed. The remotely tended p la t fo rms and f a c i l i t i e s  w i l l  
inc lude ones i n  geosynchronous orb1 t, As i nd i ca ted  i n  Table I V - 1  and F igure  
IV-4, economical t r anspor ta t i on  and support a1 so w i  11 be requl  red, 

The planned evo lu t j on  o f  unmanned p lat forms i s  depicted on Flgure IV-8, 

a. Luw Earth O r b i t  Free-Flying Space Platforms 

O r b i t a l  durat ions and power l e v e l s  provided by the  o r b i t e r  and the 
orbi ter-Spacelab combi n a t l o n  are l i m i t e d  t o  n ine days and seven k i l owa t t s ,  
respect i  ve ly  . Some pay 1  oads requ i re  longer t imes i n  o r b i t .  Indeed, 
aggregat ion o f  payl oads, whi ch can prov ide great  economies, may r equi re 
months or years i n  o r b i t .  Consequently, a  need e x i s t s  For f r e e - f l y i n g  
p la t fo rm systems operat ing from and supported by t h e  space s t a t i o n  and 
able t o  operate f o r  very long per lods (see Ffgure IV-4), 

Studies have determined the s izes and c a p a b i l i t i e s  the p la t fo rms must 
have t o  accommodate a l i m i t e d  number o f  p a l l e t s  ca r r y ing  science and 
app l  i c a t i o n s  payloads. The p lat forms are expected t o  operate i n  varf  ous 
combinations near the space s ta t i on .  They w i l l  prov ide e l e c t r i c a l  power, 
comuni  cat ions, and a t t i t u d e  and thermal con t ro l  , A v a r i e t y  o f  payl oads 
w i  11 share each plat form, b e n e f i t i n g  from the r e s u l t i n g  lower support 
c o s t s .  The payloads wt 11 remain attached f o r  l o n g  per iods and w i l l  be 
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serv lced  f r o m  t i m e  t o  t ime by the space s t a t i o n  o r  the  S h u t t l t ,  Per iod lc  
exchanges o f  i n d i v i d u a l  payloads o r  e n t i r e  pallets o f  payloads w i l l  be 
possj  b l  e . 

One o f  t h e  most promi sl ng uses f o r  t he  p lat forms i s systetnati c, sus- 
t a i n e d  research on the  processing o f  ma te r i a l s  i n  space. Skylab r e s u l t s  
showed that longer t i n ~ e  i n  o r b i t  and inore e l e c t r i c a l  power can reduce 
s lgn i  f l c a n t l y  the unf t cos t  o f  such research. Therefore, an automated 
m a t e r i a l s  processing p a l l e t  attached t o  the  space p l a t f o r m  could make 
extended periods o f  research e f f l c i e n l  and p r a c t i c a l ,  I t  a lso  would f ree  
the  research from hun~an-i nduced d l  sturbances, 

A n o t h e r  p r o m i s i n g  use i s  f o r  r e s e a r c h  i n  t h e  l i f e  sc iences .  A 
p l  a t f o r ~ n  equipped w i t h  a cor l t ro l led  environ~nent habi t a t  and tended as 
needed by tho space s t a t i o n  or the Shu t t l e  could conduct I l f e  sciences 
tqesearch o f  extended dura t ion .  

The Space S ta t i on  program c o n t i n u a l l y  evaluates uses such as those 
d e s c r l  bed above, i n c l  u d l  ng growth opd lons  i n v o l v i n g  t h e  add l  t i  on o f  
h a b i t a t i o n  modules t o  t he  platforms, as p a r t  of' the evo lu t i ona ry  approach 
t o  space s t a t i o n  a rch i tec tu re .  Pendl ng completion o f  those eval uat ipns 
and sel e c t i  on o f  a p re fe r red  concept, space p l  atform development w i  19 
f n l  t i a t e d  w i th  the o b j e c t i v e  o f  launching the f i r s t  p l a t f o r m  fn  t ime 
I t  t o  i n t e r f a c e  e f f e c t i v e l y  w i t h  the  spacn s t a t l o n  and the Shut t le .  

b . Advanced, Tether Appl i c a t i  ons 

Tethered systems at tached t o  the space s t a t i o n  a l so  cou ld  prov lde the  
requi red longer  times i n  space. The "lthered Satel 1 i t e  System mentioned 
prev ious ly  i s  i n  process. Approved as a new i n i t i a t i v e  f o r  FY 1984, i t  i s  
i nnovati ve and w i  11 prov ide important new capabi 1 i t i e s  f o r  conducting 
aggregated space experiments a t  a daislance from the Shu t t l e  o r b i t e r  and 
t h e  space s t a t i o n .  More advanced app l i ca t i ons  o f  te thers ,  such as those 
shown on F igure  IV-9, are  under i nves t i ga t i on .  Tethers are  expected t o  be 
valuable f o r  posi t i o n i  ng space s t ruc tures  and f o r  use i n  power generation, 
g r a v i t y  c o n t r o l  , t ranspor ta t i on ,  cryogenic p rope l lan t  storage and t r a n s f e r  
i n  space, a t t i t u d e  c o n t r o l  o f  space s ta t i ons ,  and many other  app l ica t lans  
t h a t  could rev01 u t i  on1 ze space operations. Figure IV-10 shows t h e  evol u- 
t i o n  toward hqghly advanced app l i ca t i ons  t h a t  space t e t h e r s  are 1 f k e l y  t o  
undergo du r lng  the  next  20 years. Although tethering and i t s  p o s s i b i l i -  
t i e s ,  such as e x p l o i t a t i o n  o f  the electrodynamic i n t e r a c t i o n s  t h e  use o f  a 
t e t h e r  creates, are understood f a r  l ess  than other  elements o f  the  Shu t t l e  
and space s t a t i o n  i n f r a s t r u c t u r e ,  they appear extremely promising and 
should be i nves t i ga ted  c a r e f u l  ly. 

c .  Geostat l  anary Plat forms 

S t u d i e s  are i n  process on the u t i l i t y  and the  techn ica l  and economic 
b e n e f i t s  of mu1 t i funct ion,  geostat ionary orb3t  platforms on which space- 
cornn~unications, science, appl i ca t i ons ,  and c e r t a i n  m i l i t a r y  functions 
could be aggregated. Economy o f  scale promises t o  favor  aggregated, 
h i  gh-power p l a t f o r m  over separate, dedicated s a t e l l i t e s ,  I n  add i t ion ,  
1 arge telecommunicat;ions p l a t  forms bear ing a number o f  1 arge antennas, 
beam sw i t ch ing  systems, and common support systems appear t o  be a means 
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f o r  a1 1 evi  a t i n g  t h e  r a p i d l y  develop ing s a t u r a t i o n  o f  geosynchronous o r b i  t 
posl t i  ons and the  e lec t romagnet i c  f requency spectrum. 

The s t u d i e s  are focused on development o f  c rncep ts  f o r  a p l a t f o r a l  ab le  
t o  suppor t  a  v a r i e t y  o f  users,  w i t h  i n i  t i a l  concept-def in!  t l o n  s tud ies  
concel t r a t i n g  on e a r l y  uses, p r ima r i  l y  f o r  c o m m u n i ~ a t i a n s ~  With i n i  t i a -  
t t o n  i t ,  FY 1988, a system cou ld  be a v d l a b l e  f o r  f i r s t  f l i g h t  i n  t he  e a r l y  
1990s. 

A s  a l r e a d y  I n d i c a t e d  i n  t h e  s u b s e c t i o n  o f  t h i s  c h a p t e r  e n t i t l e d  New 
Initiatives, t h e  conduct o f  flight experiments and de~nons t ra t ions  on S h u t t l e  
f l i g h t s  and l a t e r  on t h e  space s t a t i o n  i s  ve ry  impor tant  t o  t h e  economical, 
e f f i c i e n t  development o f  elements o f  the orb1 t a l  i n f r a s t r u c t u r c ,  1 r1c1 ud i  ng 
unmanned p la t f o rms .  Sonle suggested f l i  gh t  i n i t f  a t i v e s  f o r  both f r e e - f l y i n g  
and te thered  p la t f o rms  a re  shown on F igure  IV-11, 

3. Sate1 1  i t e  Services 

The manned space s t a t i o n  and t h e  p l a n n e d  unmanned l o w - a l l 1  t u d e  and 
geosynchronous  p l a t f o r m s  c l e a r l y  w i l l  c r e a t e  a  need f o r  new and u n i q u e  
sa te1  lit@ s e r v i c e  sys,tems, l a r g e  s t r uc tu res ,  hand1 i n g  a ids,  and te l eope ra to r s ,  
a l l  w i t h  g r e a t e r  c a p a b i l i t i e s  t han  t h o s e  t h e  STS sys tem possesses,  A s  
mentioned e a r l i e r ,  devel apment o f  those advanced capabl I i t i e s  w i  1 I r e q u i r e  
t e s t i n g  i n  o r b i t  based on f l i g h t  demonstrat ions. 

a, S a t e l l i t e  Services a t  t h e  Orb l te r  

The o b j e c t i v e  o f  t h i s  p o r t i o n  o f  t h e  S a t e l l i t e  Serv lces  program i s  t o  
d e f l  ne, develop, and demonstrate capab-il l t i e s  f o r  p l ac l ng ,  r e t r i e v i n g ,  
ma in ta in ing ,  r epa i r i ng ,  and r e p l e n i s h i n g  t h e  consumables o f  sate1 1 i t e s  i n  
o r b l t ;  r e t r i e v i n g  nonstab i  1  i z e +  s a t e l l i t e s  ; and deorb i  t f  ng space debris-- 
a1 1  i n  t h e  v f  c i n i  t y  o f  t h e  o ~ s b f  t e r m  The p l a n n e d  e v o l u t i o n  o f  t h o s e  
c a p a b i l i t i e s  i s  i l l u s t r a t e d  i n  F igure  IV-12,  

The o rb i  termmounted Remote Man ipu la to r  System (Rids) ,  Manned Maneuver- 
i ng Unl t , i n t e g r a t e d  space s u i t  and backpack c a l l  ed t h e  Ex t raveh i cu la r  
Mobi 1  i t y  U n i t ,  and e a r l y  t o o l s  f o r  e x t r a v e h i c u l a r  a c t i  v l t i e s  prlovide an 
i n i t i a l  capabi l i t y  f o r  p'l acement and l i m i  t e d  r e t r i e v a l  o f  satel 1 i tes. The 
RMS a l ready  has proven i t s  a b i l i t y  t o  per form those f u n c t i o n s  success fu l l y  
b y  p l a c i n g  and r e t r i e v i n g  t h e  S P A S - 0 1  p l a t f o r m  d u r i n g  t h e  S h u t t l e ' s  
seventh f l i g h t .  A11 those systems a re  t o  be used d u r i n g  t h e  S h u t t l e ' s  
el eventh f l  i ght  t o  conduct t h e  So la r  Maxiniurn Miss ion r e p a i r  mentioned 
e a r l i e r  under Satel  1  i t e  Serv ices F l l g h t  Experiments and Demonstrations. 
However, improved and new se rv i ces  w i l l  be needr . by systems such as  t h e  
Long Du ra t i on  Exposure Fac i  1 Sty, Mu1 t i -Mission Spacecraft ,  Space Tele- 
scope, Advanced X-Ray As t rophys ics  Fac i  1  i ty ,  space s t a t i o n ,  and space 
plat forms. Required w i l l  be equipment such as h o l d i n g  and p o s i t i o n i n g  
a i  ds, maintenance and r e p a i  r t o o l  s ,  s e r v i c i n g  t o o l s ,  b e r t h i n g  p l  ahforms, 
r e f u e l i n g  t o o l  s and techniques,  end e f f e c t o r s  (mechanical hands) f o r  t h e  
RMS, a remote work s t a t i o n  c a l l e d  t he  Manipu la tor  Foot Restraint mounted 
t o  the f r e e  end o f  t h e  RMS arm, t e l e v i s i o n  systems, and equipment f o r  
assembl i ng and p rov id i ng  suppor t  t o  l arge s t ruc tu res .  
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e a r l i e r  under Geastat lonary PI atform, l a r g e  c o ~ ~ i m u n t c ~ t i o n s  sate1 1 i t e s  and 
p lat forms w i l l  pernil t aggregation o f  PunctJons, thereby decreaslng servl  ce 
costs and re1 i e v i n g  the cu r ren t  t rend towavd overcrowding ~f the geostat ionary 
o r b i t  arc, Those s a t e l l i t e s  and p la t fo rms can be expected t o  requ i re  remote 
o r  rl~anned i n - o r b l t  serv ices  and aalntenance, c r e a t i n g  a need f o r  f u r t h e r  
augmentation o f  STS and upper stage c a p a b i l i t i e s ,  Also, demands on the STS 
f o r  t ranspor t i ng  greater  volumes iind welghts f r om Ear th  t o  low o r b i t  can bo 
expected t o  create f u r t h e r  need For reducing cos ts  and es tab l i sh ing  Inore 
f l e x i b l e  manifest ing, 

a ,  Earth t o  Low O r b i t  Transportat ian 

The expected evo lu t ionary  t rend o f  t ranspor ta t i on  from Earth t o  low 
Earth orb1 t i s  d i  s p l  dyed on Figure IV-15, 

(1) A f t  Cargo C a r r i e r  

Studies are under way o f  a poss ib le  riear-term mod i f i ca t i on  c a l l e d  the  
A f t  Cargo C a r r i e r  t o  prov ide the S h u t t l e  w i t h  more volume t o  c a r r y  pay- 
l o a d s  on f l i g h t s  t h a t  otherwise would be volume l i m i t e d .  That modl f lca-  
t i o n  would prov ide a payload contafner  p r o j e c t i n g  behind the  S h u t t l e l s  
external  tank, which wguld be mod! f l e d  appropr ia te ly .  I t  would take 
advantage o f  a c u r r e n t l y  unused l o c a t i o n  t o  c a r r y  payloads o r  propulsf  on 
s tages .  I t  would doubf e the payload volume wh i l e  leav ing  the o r b i t e r  
cargo bay f ree  f o r  o ther  payloads and would place v i r t u a l l y  no pena l ty  on 
payload weight. It a l so  could take advantage o f  expected increases i n  the 
S T S '  l i f t  c a p a b i l i t y  t o  32,000 t o  36,000 ki lograms wi thout  r e q u i r i n g  
redesign o f  the o r b i t e r ' s  s t ruc tu re  and land ing  gear. 

Shut t le-Der i  ved Launch Vehicle 

A v a r i e t y  o f  s tud ies  have been conducted i n  recent  years i n  a  search 
f o r  a p r a c t i c a l  means t o  ca r r y  la rge ,  heavy payloads from Earth t u  low 
E a r t h  o rb1  t using a veh ic le  t h a t  would use STS hardware and facilities t o  
t h e  e x t e n t  possib le bu t  would be unmanned and, there fore ,  would no t  need 
t o  i n c o r p o r a t e  the  o r b i t e r  i t s e l f .  Most o f  t he  con f i gu ra t i ons  t h a t  have 
beer1 considered use t h e  s o l i d  rocket boosters, t he  external  tank o r  a 
shortened verslon o f  it, and one t o  three Shu t t l e  main engines. Some 
con f i gu ra t i ons  show considerable promise, the degree o f  promise depending 
very s t r o n g l y  on the  requirements and uses assumed. 

Studies o f  t w o  o f  the most promising con f i gu ra t i ons  are i n  process, 
w i t h  emphasis  on i d e n t i f y i n g  s u p p o r t a b l e  a p p l  i c a t i a n s .  One o f  t h e  
conf igura t ions  uses th ree  Shut t le  main  e n g f ~ ' ~  and has a payload can is te r  
alongside the ex terna l  tank  i n  the  posit7'on normal ly  occupied by the  
a r b i t e r ,  The Shu t t l e  main engines would be recovered I n  a reent ry  pod 
w i t h  parachutes, The o ther  con f i gu ra t i on  has one t o  th ree  Shu t t l e  main 
engines i n  a recoverable pod behind t h e  external  tank, and pos i t i ons  t h e  
pay load ahead o f  and i n  l i n e  wi th  the  t a n k .  A varf  an t  o f  one o f  these 
conf igura t ions  w i l l  be s tud ied  f o r  i t s  p o t e n t i a l  use as a tanker  t o  re fue l  
t h e  space-based O r b i t a l  Transfer Vehicle described below w i t h  cryogenic 
fue l  , 
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Major s tud ies  planned For tho near f u t u r e  w i l l  expand understf inding o f  the 
potent1 a1 roqui  rements f o r  and the capabi l  1  t i e s  of those i aunch vehl c l  es 
and o f  ones a b l e  t o  d e l l v c r  even l a r g a r  and hcav ier  cargoes, Fur ther  
a c t i v l t y  then w i l l  depend on the outcon~e o f  those studles, 

b p  Low O r b i t  t o  Geostat ionary and Other High-Energy Orb l ts :  O r b i t a l  
"Transror, Veil1 c l  e 

The evolution o f  advanced transportaL1on f r o m  low Earth o r b i t  t o  
goosynchronous and o ther  high-energy o r b l t a  I s  shown schemat ica l ly  I n  
F f g u r e  IV-16. The Transfor  Orbftal  Staf;? atid the STS Centaur upper stage 
w i l l  s a t i s f y  the requirements o f  niany geastat ionary and Earth-escape 
n ~ l s s i o n s  I n  the  l a t e  1980s, but an O r b i t a l  Transfer Vehlcle w l l l  become 
necessary t o  F a c l l l t a t e  use o f  t he  space s ta t ton  as a major t ranspor ta t i on  
node t n  the  1 9 9 0 ~ ~  

The Orb1 t a l  'Transfer Vahl cle  w l l  1 be a reusable, high-performance 
upper stago intended t o  be based malnly  a t  and launched from t h e  space 
s t a t i o n ,  Most o f  i t s  c i v i l  payloads a re  expected t o  have des t tna t lons  a t  
yeosynchronous o r b i t ,  b u t  some w i  11 be Earth-escape spacecraft .  Departp 
ment o f  Defense payloads genera l l y  w i l l  be ta rge ted t o  geosynchronous and 
other  h i  gh-energy o r b l  t s .  P r e l  iminary s tudies have I ndf cated that  space- 
based orbf t a l  t r a n s f e r  veh ic l  es may prov lde  d r a s t l  ca l  l y  1 crwer c o s t s  than 
t h e  STS Centaur w i l l  be able t o  p rov lde  f o r  t ranspor ta t i on  t o  geosynchro- 
nous and o ther  high-energy o r b i  t s ,  Large, reusable, cryogenic orb1 t a l  
t r ans fe r  vehic les w.111 be needcd i n  the  next  20 years t o  place heavy 
payloads such as l a rge  communt ca t lons  p la t fo rms i n t o  geosynchronous orb! t ; 
and a l ow- th rus t  vers ion w l l l  be needed t o  reduce deployment acce lera t ions  
l mposed on 1 arge s t ruc tu res  , 

Upcoming studles w f l l  examine a new concept c a l l e d  the ACC-OTV t h a t  
c a l l s  f o r  the b f t a l  Transfer  Vehlcle t o  be t ransported t o  space i n  t h e  
A f t  Cargo C a r r i e r  described above, The concept appears r e a d i l y  adaptable 
t o  y i e l d  a s~ace-based veh ic le  w i t h  a capaci ty  f o r  as much as 34,000 
k l l o g r a ~ n s  o f  p rope l lan t ,  which would be adequate f o r  boost ing manned 
spacecraft  t o  geosynchronous o r b i t .  Studies a l so  are planned o f  new 
con f i gu ra t i ons  f o r  o r b i t a l  t r a n s f e r  veh ic les  spec4 f i c a l  l y  designed t o  be 
based i n  space. 

Upon r e t u r n  t o  Ear th o r b i t ,  d reusable o r b i t a l  t r a n s f e r  veh ic le  must 
dece lera te  2,400 meters per  second t o  achieve orb1 t c i r c u l a r i z a t i o n .  
Consequently, use o f  aerodynarni c  forces f o r  brak ing i s  being contempl a led .  
The v e h i c l e  can halve i t s  r o p e l l a n t  use on i t s  r e t u r n  t r i p  by deploying 
an aerodynamic drag device P aer,obrake) a t  h igh a1 t i tude. 

The preceding discussions I n d i c a t e  t h a t  t h e  use o f  the  Shu t t l e  and t he  
space s t a t i o n  as t e s t  beds would be h i g h l y  des i rab le  f o r  reducing t h e  costs 
and r l  sks o f  f 1 i ght experiments and demonstrations i n  developing advanced 
t ranspor ta t i on  capabi li t j e s .  Some t e n t a t i v e ,  h l  gher-pri o r l l y  techno1 ogy 
mi 1 estones f o r  such f l  i ght experiments and demonstrations are shown on Figure 
IV-17. For t ranspor ta t i on  f rom Earth t o  low Earth orb1 t, those experjrnents 
would be concerned w i t h  the Aft Cargo C a r r i e r  concept, the use o f  Shu t t l e  
s o l i d  rocket boosters fo r  c a r r y i n g  H i t chh i ke r  payloads t o  make h i g h - a l t i t u d e  
soundings d u r i n g  t h e  boosters '  reent ry  and re turn ,  and an understanding of 
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propellant transfer t h a t  even tua l l y  could lead t o  scavenging fuel from the 
ex terna l  tank .  Fora transfer from o r b i t  t o  orbf G ,  demonstrations may focus on 
such suggested developments as long-duration storage o f  cryogelifcs 'in space, 
aerobraking technology using tethers t o  " t ro l l "  braklng devices througl~ the 
atmosphere, other  advanced uses o f  space t e t h e r s ,  and ex t raveh icu lar  a c t  l v l  ty  
maintenance of  propulsion systems, 
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V ,  SPACE STATION 

A ,  Goal s and Object ives 

One o f  the  Agency's e tgh t  cu r ren t  goals i s  t o  "establ  t s h  a permanent 
manned p resence  i n  space t o  expand t h e  e x p l o r a t l o r  and use o f  space f o r  
activities which enhance the s e c u r i t y  and we l fa re  o f  mankind." That goal 
f l ows  from the  nat iona l  pol i c y  f o r  space, kh ich  c a l l s  f o r  ma in ta in ing  U.S. 
leadership f n  space and explot t i n g  the econon~lc and s c i e n t l  f l c  beneff t s  o f  
~ lpace.  Since May o f  1982, the focus o f  p lanning a c t i v i t i e s  t o  achteve t h a t  
goal has been the  Space Sta t ion  program. 

The goals o f  t he  Space S ta t i on  program are t o :  

o Es tab l ish  means f o r  the  permanent presence of people i n  space 

a Provi ce space-based F a c l  1 l t i  es t ha t  w i  11 enable rou t1  ne, continuous use 
o f  space f o r  a c t t v i t i e s  re1 ated t o  science, app l ica t ions ,  technology 
development, comnercl a1 exp lo i  t a t i o n ,  na t iona l  secur i ty ,  and space 
operat ions 

o  D e v e l o p  and e x p l o l t  t h e  s y n e r g i s t i c  e f f e c t s  o f  t h e  human-machjne 
cornhi n a t i  on i n  space 

o Provlde system elements and operat ional  p rac t i ces  essent ia l  f o r  
achl ev i  ng an 1 ntegrated n a t l  onal space capabi 1  l t y  

o  Reduce the  cost  and complexi ty  o f  l i v i n g  i n  and us ing  space. 

The program's near-term ob jec t i ves  are centered on I d e n t i  fying and synthe- 
s i z i n g  mission requirements f o r  a c i v i l I a n  space s t a t i o n  and on i t e r a t i n g  a 
s e t  o f  func t fona l  c a p a b i l i t i e s  f o r  t h e  statJon (see Figure V-1). I n  addi t ion,  
technol  ogy and advanced development programs a re  be i  ng i n i t i a t e d  t o  ensure the  
readiness n f  op t ions  f o r  key t s c h n a l o g i e ~ .  Current plarls  c a l l  f o r  a  twa. t o  
three-year d e f i n i t i o n  phase beginning i n  FY 1985, leading t o  i n i t i a t i o n  o f  a 
design and development phase i n  FY 1987 and an I n i t i a l  operat ional  c a p a b i l i t y  
i n  the  ea r l y  1990s. 

. P l  anni ng Guide: i nes 

Many s i  g n i f i  cant aspects o f  t h e  Space S ta t i on  program make i t  unique com- 
pared w i t h  m a j o r  programs o f  t he  past  and, taken together,  have d i c t a t e d  a se t  
o f  planning gui de l  i nes (boundary cond i t ions)  t h a t  have governed the program 
a c t i v i t i e s .  The p r i n c i p a l  ones fo l l ow .  

1. User Cornmuni t y  Invo l  vement 

To meet the  program's goals and maintain consistency w i t h  na t iona l  space 
p o l i c y ,  NASA has made a  concerted e - f f o r t  t o  i nvo l ve  a l l  t he  space s t a t i o n ' s  
p o t e n t i a l  users i n  t h e  p lanning f o r  the s ta t i on .  Potent ia l  users inc lude the  
science and app l i ca t i ons  communities, aerospace indus t ry ,  a broad spectrum o f  
commerci a1 organi zat ions,  and technol  ogy development and i n t e r n a t i o n a l  organi - 
t a t  i ons. User needs w i  11 c o n s t i t u t e  a cont inuously  changing and growing 
spectrum o f  r eqd  rernents t h a t  must be re f i ned ,  updated, and accommodated 
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c o n t i n u o u s l y  and i n  a phased manner t o  ach ieve  t h e  b e s t  ba lance  among 
resources, capahi 1 i ti es , and techno1 ogy readiness. 

2. Extensf  ve D e f i n i t i o n  Before Program I n i  t i a t l o n  

One o f  t h e  major conclusions o f  NASA's 1981 Pro jec t  Management Study ( t h e  
Hearth Report) was t h a t  a thorough p r o j e c t  d e f i n f t i o n  should be conducted 
before  system development I s  undertaken. The space s t a t i o n  program p l  an c a l l  s 
f o r  an extensive two- t o  three-year d e f i n i t i o n  phase i n c i  udiny In tens i ve  
l nhouse concept  development f o  l 1 owed by  an extended c o n t r a c t  d e f i n i t i o n  
a c t i v i t y .  The inhouse d e f i n i t f  on work w f l l  improve the Agency's a b i l i t y  t o  be 
a capab le  buyer  and l a y  a f o u n d a t i o n  f o r  i t s  systems e n g i n e e r i n g  and 
i rbegra t i on  a c t i v l  t i e s .  

3. Agencywide P a r t i c i p a t i o n  

The Space S ta t i on  program i s  t o  be Inore than an extension o f  previous 
space' i l  l g h t  programs, Its p l a n n i n g  has i n v o l  ved a l l  NASA I n s t a l  l a t f  ons 
through t h e i r  representat ion on the  Space S t a t i o n  Task Force and i t s  working 
groups,  and t h e  b r e a d t h  o f  t h e  program p r o v i d e s  t h e  p o t e n t i a l  f o r  t h e  
s u b s t a n t i v e  i n v o l  vement o f  a1 1  f  n s t a l l  e t l  ons i n  subsequent phases, The 
success o f  t he  program w i  11 depend c r i t i c a l l y  on both the con l r i bu t i ons  o f  t he  
s c i  ence and appl i cat1 ons coamunf t l es I n NASA and the  technol ogi  es devel oped by 
the NASA research centers, 

4. Evo lu t ion  

Before development of the Space Transpor ta t l  on System, NASA's programs 
provided systems w i t h  1  i m i  ted  evo lu t i ona ry  c a p a b i l i t y .  "Permanent presence," 
however, i nhe ren t l y  c a l l s  f o r  a program spannfng decades t h a t  must be designed 
t o  accommodate evo lu t ionary  growth through incremental a d d i t i  on, n~odi f i e a t i o n ,  
and rep l i ca t i on .  To ensure t ha t  a  space station's usefu l  l i f e  I s  not; short ,  
the s t a t i o n  must be able t o  evolve no t  on ly  I n  s i t e ,  bu t  a l s o  i n  t e c h ~ o l o g y .  
P l a n n i n g  a l s o  must csns :der  manned o p e r a t i o n s  above low E a r t h  o r b l t .  A 
p rope r l y  planned s t a t i o ~  w i  11 serv? as the  f o u n d ~ t i d n  f o r  t he  succeedtng major 
step, be i c  manned operat ions a t  geosynchronous o r b i t ,  a  1  unar base, a sample 
r e t u r n  o r  manned miss i  on t o  illars, o r  some other  mission beyond Earth o r b i t  
such as the min ing o f  precious resources Trom astero ids.  

M a i n t a i n a b i l i t y  and Restorabl I i t y  

For  t h e  space s t a t i o n  t o  have a t r u e  operat ional  c a p a b i l i t y ,  i t s  elements 
must be mainta inable and, i n  event o f  f a i l u r e ,  res to rab le  t o  operat ional  
e f fec t iveness  i n  o r b i t .  Cos t -e f fec t i ve  operation by a system w i t h  so long a  
1  i fet ime w i  11 depend on rep1 acement o f  s i  ng l  e mission, mu1 t-i p l  e redundancy 
design by a  system prov id ing  subsystems t h a t  can be maintained r o u t i n e l y  and 
are  i nhe ren t l y  res torab le  i n  space. 

6. Operational Autonomy 

Even the  i n i t i a l  con f i gu ra t i on  o f  the space s t a t i o n  should be able t o  
o p e r a t e  a s  i n d e p e n d e n t l y  as p o s s i b l e .  A s t a t i o n  i d e a l l y  would o p e r a t e  
autonomously except f o r  resupply o f  mater ie l  and personnel. NASA would r e t a i n  



operat ional con t ro l ,  but  nongovernn~ent personnel would pe expected t o  use the  
s t a t i o n  t o  perform sc ien t t  f l  c observat ion and manufacturing tasks. 

I n  h l s  State o f  t he  Union nrcssago, t he  President I n v i t e d  f r i e n d s  and 
a l l i e s  o f  t h e  Unlted States t o  p a r t i c i p a t e  i n  development and use o f  the 
space s t a t i o n .  Many o f  N A S A ' s  1 ong -s tand i  ng c o o p e r a t i v e  p a r t n e r s  have 
expressed f n te res t  i n  p a r t i c i p a t i n g  i n  space s t a t i o n  p lanning,  development, 
and use, The European Space Agency, Canada, Japan, France, Germany, and I t a l y  
have conducted, a t  t h e i r  own i n i  t i  at! ve and expense, nil ss lon analys l  s s tud l  es 
para l  l e l  i n g  NASA's, I n  addi t l o n  , they are examining what p a r t  they potent! a1 - 
l y  could p lay  I n  t he  program, The scope and complexity o f  a space s t a t i o n  i s  
great ,  and t h c  i n t e r n a t i o n a l  community's e a r l y  lnvo l  vement has provlded a good 
bas1 s f o r  developing a successful  cooperatf ve program. 

8. Department o f  Defense (DOD) Cooperatton I 

NASA has kept DOD f u l l y  informed o f  i t s  a c t i v i t i e s .  A1 so,  DOD has p a r t i -  
c ipated, wl t h  l l m i  ted  fund1 ng, i n  mission requl  rements s tud l  es. However, i t  
has not as y e t  i d e n t i f i e d  any requirements f o r  a manned space s ta t i on .  

Several unique aspects o f  the  space s t a t i o n  prograin protnlse new approaches 
t h a t  w i  11 reduce costs and impose Few welght and conftgurat, ion cons t ra in t s  on 
t h e  s ta t fon  compared w i t h  those on past space systerns. Many spacz s t a t f o n  
elements w i l l  have subsystems i n  common w i t h  other  elements. Modu lar i ty  and 
the  use o f  common hardware pranlise t o  lower ove ra l l  costs. Fur ther ,  the Space 
Sta t ion  program's evo lu t ionary  nature stiould a1 low development, t e s t i n g ,  and 
u grading o f  new systems and components i n  an o p r a t i o n a l  se t t tng ,  e l i rn inat f  ng f: t e need f c  some o f  t he  ground q u a l i f i c a t i o n  t e s t i n g  c u r r e n t l y  necessary. 

10. Praper ,F,tiaf tlumans and Machines 

Experience i n  the Skylab program and rnanAt studies have demonstrated the 
u t i l i t y  t h a t  human capabi 1 , i t i e s  w i  11 have I n  a space s t a t i o n  system. However, 
many po tan t i  a 1  missions cou ld  be performed best by automatcrl , f ree - f l  y i n g  
spacecraft, w i t h  only  pe r iod i c  human i n t c r v e n t i  an by means o f  remote 
"telepresence." A m a j o r  o b j e c t i v e  o f  cu r ren t  planning a c t i  v i  t l e s  i s  t o  def ine  
the  proper mix of humans and n~achjnes i n  a space s t a t i o n  s e t t i n g  so t h a t  
necessary tasks w i  11 be d i  s t r i  buted proper1 y and machines 9nd humans w i  11 
enhance each o thers '  capabi 1 i t i e s .  

During i t s  f f  r s t  year,  t h e  Space S ta t i on  Task Force app l i ed  i t s  a c t i v i t i e s  
almost exc lus i ve l y  t o  I d e n t i f y i n g  p o t e n t i a l  mission requirements ra the r  than 
t o  t h e  c o n f i g u r a t i o n  o f ,  o r  t h e  e lements t h a t  would c o n s t i t u t e ,  a space 
s ta t i on .  'I'he i n i t i a l  main focus o f  the miss ion requiremer,-., phase o f  the  
program was e i g h t  studies contracted t o  major aerospace corporat ions i n  August 
1982, The study cont rac tors  were given 1 i t t l e  s p e c i f i c  d i rec t i on ,  Instead, 
they were encouraged t o  expl .we imag ina t i ve l y  a l l  aspects o f  p o t e n t i a l  uses 
f o r  a space s t a t i o n .  T h e i r  f i n a l  r e p o r t s ,  r e c e i v e d  i n  A p r i l  1983, were 



gcnera l  l y  cons i  s t e n t  I n  the1 r conc l  us1 ons and recom1en:id t , m s .  The p r i  n c l  pa l  
rcconmendations were f o r  an i n i t i a l  s t a t i o n  cons is ti+^ : ,rf  d manned base and an 
unmanned p l a t f o r m  a t  an o r b i t a l  I n c l i n a t i o n  o f  28'5 ; an O r b i t a l  Maneuvering 
Veh i c l e  o p e r a t i n g  i n  con junc t i on  w l t h  t h e  s t a t l o n  ; and an unmanned p l a t f o r m  
t h a t  would be der i ved  from the space s t a t i o n  design, opera te  a t  a p o l a r  o r  
near-po lar  o r b i t  I n c l i n a t i o n ,  and be sc r v l ced  by the  Shu t t l e ,  

A Space S t a t i o n  Miss lon Synthesis Workshop h e l d  i n  May 1983, w i t h  p a r t i c i -  
p a t i o n  by NASA, t he  Na t iona l  Oceanic and Atmospheric Admtn i s t r a t i on ,  t h e  U,S. 
A i  r Force, and i ndus t r y ,  examined t h e  f l n d i n g s  o f  t h e  n i s s i o n  requi rements  
s tud ies ,  t he  r e s u l t s  o f  inhouse s tud ies ,  and re$o r t s  f r c n ~  adv i  sory  comntt tees,  
The Workshop e s t a b l l  shed a computer ized da ta  Lase and d e f i n e d  a p r e l  i m i  na ry  
s e t  o f  107 types  o f  phased space s t a t i o n  rni: s i r n s  f o r  the p e r i o d  1991 t o  2000 
i n  t h e  f t e l d s  o f  s c f  ence and a p p l l c a t l o n s ,  eechno logy  developmment ,  and 
comnercl a1 appl  l ca t1  ons. The basel i ne requ i  rements es tab l  i shed f o r  t h e  181 ti - 
a1 miss lon s e t  i nc l uded  a manned element a t  an o r b i t  i n c l  I n a t i o n  o f  28.5 and 
two p la t fo rms ,  one a t  low i n c l i n a t i o n  and one I n  p s l d r  ot+b+5, as recornmended 
by t h e  t ~ i i s s l o n  requirements s tud ies .  The power r e q ~ i r e c i  b y  users  o f  t h e  
s t a t i o n  appeared t o  be t h e  most s t r i n g e n t  resourcc rriquctrt.-?tint. 

D m  Concept Devel opment 

I n  A p r i  1  1983, t he  Concept D e ~ e I o p m - ( ~ t  Lrrabp was formed as an a rm  of the 
Space S th t l  on Task Force t o  orches l r i r . r  t. +;d~off  t u d i  es and i n t e g r a t e  t he  
r e s u l t s  o f  the miss ion  requi rements  s t u d i s ?  1 1 1 t o  a se t  o f  f u n c t i o n a l  c a p c b i l l -  
t i e s ,  o r  "a rch i tec tu re , "  The f i r s t  a r c h l t v c t u r e  was completed i n  May 1983 i n  
con junc t i on  w i t h  a  study conducted bv t h e  Ser l ior  Intersagency Group on Space a t  
t h e  request o f  t h e  Pres ident ,  An I t e ~ a t i o n  has completed i n  J u l y  1983 f o r  use 
i n  p r e p a r i n g  N A S A ' s  FY 1985 budge t  subm iss i on .  A second i t e r a t i o n  was 
completed i n  December 1983, and t h e  f i n a l  I t e r a t i o n  i s  planned f o r  complet ion 
j u s t  be fo re  i n i t i a t i o n  o f  system d e f i n i  t l o n .  Th is  l t e r a t l  ve process w i l l  
p r o v i d e  a thorough and ex tens i ve  systern d e f i n l  t i o n  based on the most c u r r e n t  
ni ss ion  sets ,  f t ~ n c t l a n a l  capabi l i t j e s ,  an$ budget plans, 

An approved c o n f i g u r a t i o n  f o r  t h e  space s t a t i o n  does n o t  exist .  The 
concept c u r r e n t l y  under cons ide ra t i on  f o r  t h e  s t a t i o n  w l l l  p r ov i de  f u n c t i o n a l  
.capabilities represented by t h e  Fo l low ing  elements, a1 though some o f  them 
could change: 

o  L i v i n g  qua r t e r s  module 

o B e r t h i n g  and assembly lnodule 

o L o g i s t i c s  module 

o  Resources module 

o Labora to ry  rnodul e 

o Unmanned p la t f o rm a t  o r b i t a l  i n c l l n a t i o n  o f  28,5O 

o  Unmanned p l a t f o r m  a t  o r b i t a l  l n c l l n a t i o n  o f  90' 



o Orb1 t a l  M a n e u v ~ r i n g  Vahi c l e  

o S e r v i c i n g  System. 

E, Advanced Development Program 

B e f o r e  c r e a t i n g  t h e  Sgdce S t a t i o n  Task Fo rce ,  NASA Pornred t h e  Space 
S t a t i o n  Technology S t ~ e r ~ i n g  Cornmi t t e e  t o  assess  t e c i ~ n o l o g i  es re1  evant t o  a 
space s t a t i o n  f o r  t h a  1990s. The S tee r i ng  Committee concluded t h a t  a s t a l l o n  
u s i  ng s t r t te -o f - the -a r t  techno l  ogy would n o t  meet prograln goa l s  because i t  
would not have a f f o r d a b l e  growth p o t e n t i a l  and because an i n d e f f  n l  t e  l i f e  f o r  
I t  through i n - o r b i t  maintenance wauld n o t  be cos t  e f f e c t i v e ,  The S tee r i ng  
Committee a l  so i d e n t i f i e d  technology advances t h a t  wor 'd be necessary f o r  t h e  
s t a t l o n  t o  meet Its goals. I n  FY 1983 a ma jo r  workshop reviewed t he  techno l -  
ogles a v a i l a b l e  and f n prornss f n  NASA'S program and i n  i n d u s t r y  research and 
devr-lopment programs re1 w a n t  t o  a space s t a t f  on. 

On the  bas i s  o f  thosc a c t i v i t i e s ,  a space s t a t l o n  advanced development 
program tias been planned t o  p r o v i d e  t h e  crdvanced t echno log ies  needed f o r  an 
e v o l u t i o n a r y  s t a t i o n .  T e s t  beds w i l l  be used i n  key techno logy  areas such as 
power, l i f e  support ,  and da ta  managenlent: t o  suppor t  t he  research  and t e s t i n g  
r e q u i r e d  t o  develop t he  o p t i o n s  i d e n t i  f l e d  f o r  p o t e n t i a l  use i n  d e v e l o p f l ~ n t  o f  
t h e  space s t a t i o n .  

Tn coo rd i na te  t h e  advanced development program, t h e  Spaco S t a t l  on Task 
Force IF work ing o u t  ayreentents w i t h  t h e  r e l e v a n t  program o f f l c e s ,  The na tu re  
o f  t h e  ~ ~ e l a t l o n s h i p s  between t h e  Task Force and thc  prai!.ram o f f i c e s  f o r  t h i s  
advanced development program i s  i 11 u s t r a t c d  i n  F igure  '!-L. 

An fmpor tant  p a r t  o f  t h e  advanced development program i s  i t s  i i t e g r a t i o n  
w i t h  system definition a c t i v l  t i e s .  D e f i n i t i o n  c o n t r a c t o r s  w i l l  be i nvo l ved  I n  
t h e  advanced development program th rcugh  b o t h  the1 r d e f i n i t i o n  c o n t r a c t s  and 
t h e  NASA t e s t  beds. The proposed approach i s  t o  i n c l u d e  s e l e c t i o n  c r i t e r i a ,  
t asks ,  and fund ing  I n  t h e  reques ts  fora  p roposa ls  f o r  t h e  system definition 
c o n t r a c t s  t o  encourage c o n t r a c t o r s  t~ develop advanced techno log ies  they  
b e l i e v e  are needed for t he  space sLa t i on  t o  meet i t s  goals .  As much as 30 
percen t  o f  system def  i n i  ti on phase f irndi nq may be a1 1 ocated f o r  t h a t  purpose. 
I n  add i t i on ,  NASA's  t e s t  beds w i l l  be a v a i l a b l e  t o  t h e  c o n t r a c t o r s  f o r  t e s t i n g  
advanced techno l  ogy ideas. A schedule has heen developed f o r  announcing these 
p l a n s  t o  i n d ~ l s t r y ,  w o r k i n g  o u t  agreements  f o r  use o f  N A S A ' s  t e s t  beds, 
i n f o r m i n g  c o n t r a c t o r s  o f  the s t a t ~ ~ s  o f  development o f  t h e  t e s t  beds, and 
r e v i  ewi ng c o n t r a c t o r s '  progress i n  advanced techno l  ogles,  

A m a j o r  m j l e s t o n e  and d e c i s i o n  p o i n t  w i l l  o c c u r  a t  t h e  end o f  t h e  
def i n i  ti on phase when NASA r e v i  ews the progress o f  t h e  advanced technol  ogy 
development and s e l e c t s  t h e  techno l  og ies f o r  t he  development phase. 

F. Definition Program Logic  

The d e f i n n i  t i o n  program has f o u r  majorv components: suppo r t i ng  s tud ies ,  
systems d e f i  n i  ti on, advanced development program, and techno l  ogy. Those four  
components evo l  ve 'f n t o  the  system rlevel opment phase, 
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Tho p r i n c i p a l  cmphosis o f  the support ing stud ies  component I s  e a r l y  and 
continuous lnvolvemcnt of users i n  the d a r l v a t l o n  of  a l l  program activities. 
Work under t h o  d e f i n i t i o n  cont rac t  must foeus i n i t i a l l y  on a concept f a r  tho 
t o t a l  system through the year 2000 before ?rograssing t o  detailed d e f l n l t i o n  
o f  o lemcnts  o f  t h e  system, Subsaquont d e f i n i t i o n  e f f o r t s  w i l l  beg in  a s  
l n i t l a l  elements of  the  stotton enter  the development phase, 

As i n d i c a t e d  i n  the preceding sec t ion  o f  t h l s  chapter, success f o r  thc 
d o f i n f  t i on  program i s  h ighly dependent on e f f i c i e n t  i n t e r a c t i o n  between i t  and 
the  advanced dcvelo ment program f o r  the s la t l on ,  Both ground-bns~d and a space-based t e s t  be s arc planned and are expected t o  p lay  a vftel r o l e  i n  
subsequent deft n i  t l o n  of  evolutionary elcnlents. The t e s t  beds w i l l  serve as a 
condut t through which NASA's techno1 ogy w i  1 1  be channeled i n t o  the d e f i n i t i o n  
e f f o r t s ,  and Incent ives  f o r  t;hcfr use w i l l  be inc luded f n  the definition 
contracts,  A valuable r e s u l t  i s  expected t o  be reduct ion  i n  program cos t  and 
r i s k  through Increased I n s i g h t  i n t o  design details through demonstration o f  
hardware . 
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V I ,  SPACE TRACKING AND DATA SYSTEMS 

The p r i m a r y  f t rnc t lan  o f  t h e  Space Track lng and Data Systems prograttl i s  t;o 
p r o v i d e  t r a c k i n g  and data  support  t o  t h e  N a t i o n ' s  space mlss ions.  The program 
p l a n s  f o r ,  develops, and operates the space and ground network o f  t r a r k i n g  and 
da ta  systems r e q u i r e d  t o  support  t h e  i n f l i g h t  m i s s i o n s  o f  automated and manned 
o rb1  t a l  spacecra f t ,  deep space veh i c l es ,  sounding rocke ts ,  b a l l  oons, and 
research  a i  r c r a f  t . I t  1 n c l  udes t h r e e  bas i c  elements : a space network, ground 
networks,  and commun~ca t~ons  and d;l.ta systems. The f o u r t h  bas i c  element o f  
t h e  program I s  development of: advanced systems, The prntlram also must prov ldr !  
respons i  ve management o f  NASA's opera t  i ona1 and program .,upport cornrnuni cat;l ons 
dnd o f  I t s  r a d i o  frequency spectrum a1 l o c a t l o n  $ c t m l v i  t l e s .  

B. Major Ob jec t i ves  

The p r o g r d m ' s  most impor tan t  o b j e c t i v ~  concerns t h e  space network. I t  1s 
t o  complete, and have ready f o r  ope ra t i on  i n  1985, t h e  Track ing and Data Relay 
Sate1 1 I t e  System (TDRSS) , i n c l u d i n g  t he  spacec ra f t ,  the  ground systerns a t  
W h i t e  Sands, and t h e  g round  system a t  Goddard Space F l i g h t  Cen te r .  The 
p r o g r a m  then rnust o p e r a t e  and m a f n t a i n  t h e  r D R S S  t h r o u g h o u t  i t s  u s e f u l  
l i fe t ime.  

The ma jo r  o b j e c t i v e  o f  t h e  ground network p o r t i o n  o f  t h e  program, which 
c u r r e n t l y  c o n s l s t s  o f  t he  Deep Space Network and t h e  S a t e l l i t e  Track ing and 
Data  Network, I s  ,to prov ide  t r a c k i n g  o f  and da ta  support  f o r  a l l  c u r r e n t  and 
approved mlss ions  u n t l l  t he  suppor t  o f  m lss ions  i n  low Ea r t h  o r b i t  becomes the 
f u n c t i o n  o f  t h e  T G R S S .  W i t h i n  t h e  f o l l o w i n g  y e a r ,  NASA w i l l  phase o u t  
o p e r a t i o n  o f  unneeded s t a t i o n s  and consol i d a t o  t h e  remain ing s t a t i o n s  I n t o  one 
ground network under Je t  P ropu ls ion  Labora to ry  management :;o support  deep- 
space missions and miss lans i n  h i g h  Ear th  and geos ta t ionary  o rb f  t s ,  as we1 l as 
c e r t a i n  m iss ions  c u r r e n t l y  t n  l ow  E a r t h  o r b i t .  

Otl\r;o Irnp'-, 'tant o h j e c t i v e s  ,.re t o :  

o Improve e f f i c i e n c y  and economy in , ~ r o c e s s i n g  l a r g e  volumes o f  da ta  

o Upgrade the  communications support p rov i ded  by NASCOM ( t he  NASA n e t -  
work o f  l eased  communl c a t i  ons se r v i ces  f o r  ope ra t f ana l  da ta  f l o w  among 
s t a t i o n s ,  c o n t r o l  f a c i l i t i e s ,  and I l se rs )  t o  rneet t h e  demands o f  NASA 
r n i s s f ~ ~ n s  w i t h  h i gh  da ta  r a t e s  

o lleuelop technology t o  f a c i l i t a t e  use o f  t h e  TORSS space network 

o  Improve c u r r e n t  capabl 1  i t i e s  f o r  r e c e i v i n g  t e l e m e t r y  f rom Voyager's 
encounters w i t h  Uranus and Neptune 

o  Cont inue suppor t  t o  the aeronaut ics ,  sounding rocke t ,  b a l l o o r ,  and 
geodynami cs programs and inc rease  t h e  suppor t  capac i t y  a f  t h e  aerody- 
namlcs t e s t  range 

o Cont inue suppor t  f o r  Spacelab da ta  p rocess ing  and Space Telescope 
m i  s s i  on c o n t r o l  



o I~nprove  and 1 ncrease t h o  e f f  1 c l e n c y  of  NASA's p rog ram-sup~o r t  
communicatl ons 

o Plan f o r  a fo l l ow-on  system f o r  t h e  TDRSS. 

C. Plans f o r  Program Elements and M i  ss ion  Support  

1. Space Network 

NASA's t r a c k 1  ng and da ta  acqul sf ti on Faci  1 i t i e s  re1  a t e d  t o  spacecraf t  i n  
n e a r  E a r t h  o r b i t  w i l l  e v o l v e  1 r 1  t h e  m i d  1980s f r o m  a n e t w o r k  o f  g round  
t r a c k i n g  s t a t i o n s  l o c a t e d  a round  t h e  w o r l d  i n t o  a n e t w o r k  o f  two  TDRSS 
s a t e l l i t e s  I n  geos ta t ionary  o r b i t ,  an I n - o r b i t  spare, end a s i n g l e  ground 
t e n n i n d l  a t  Wkjte Sands, New Mexico. The con t rac to r ,  Spacecom, owns and 
operates t h e  system and, i r ~  accordance w i t h  t h e  TDRSS c o n t r a c t ,  w i l l  p rov i de  
NASA w i t h  leased support  se r v i ces  f o r  10 yea rs  o f  system ope ra t i on ,  NASA has 
c o l l o c a t e d  a ground t e rm ina l  t o  i n t e r f a c e  w i t h  t h e  TDRSS ground t e rm fna l  a t  
White Sands and has cons t r l : c t~d  a network cont r r r l  cen te r  a t  Godaard Space 
F l i g h t  Center t o  c o n t r o l  ',he system and manage n e t w ~ r k  resources.  The system 
w i l l  ach leve ex tens ive  coverage o f  near E a r t h  o r b j t s ,  85 percen t  compared w i t h  
t h e  present  15 percent. Therefore,  a m a j o r i t y  o f  ground s t a t i o n s  can be 
phased o u t  and user space systems, including t h e  Space S h u t t l e ,  Spacelab, and 
S p a c ~  T2lescope, w i l l  be a b l e  t o  con tac t  t h e  m iss ion  c o n t r o l  cen te r ,  and v i c e  
versa, qlmost con t lnuous ly ,  i f  necessary. M i  ss lons plannad f o r  suppor t  by 
TDRSS ar?  shown i n  F i gu re  VI-1, 

2. Ground Networks 

Whi le phas ing TDRSS i n t o  opera t ion ,  NASA \ clcse n i n e  more ground 
s ta l lc lns ,  l e a v i n g  on l y  t h e  s i x  l o c a t i o n s  shown f n  F igu re  V I - 2  f u ' l l y  opEiba- 
t i  onal , C o l l  ocated f a c i  1 i t i e s  o f  t h e  s a t e l  1 i t e  network and t h e  deep-space 
network a t  Canberra ( A u s t r a l  l a ) ,  Goldstone (Cal i f o r n i a )  , and Madr id  (Spain) 
w i  11 be consol  i dated under Jet Propul s i  on Laboratoidy tvanagernent t o  gal  n t h e  
r e s u l t i n g  t e c h n i  ca l  and economic advantages. A c e n t r a l  s i  gnal -process i  ny 
cen te r  w i l l  be es tab l i shed  a t  each of  those  s i t e s .  Those c e n t e r s  w i l l  be a b l e  
t o  a r ray  t h e $  r l a r g e  antennas i n t o  va r i ous  combinat ions,  the reby  improv ing  
t h e  f l  ex1 b i  l i t y  w i t h  which sate1 1 i t e  m iss ions  can be supported and i ncreds i  ng 
performance f o r  planetarey miss ions.  Both t h e  t r a n s i t i o n  t o  TDHSS o f  s ,pport 
f o r  s a t e l l i t e s  i n  ne, Ea r t h  o r b i t  and t h e  consol t d a t i o n  o f  t h e  two yround 
networks w i l l  cause t h e  l e v e l  o f  a c t i v i t y  f o r  t h e  Space T rack i ng  and Data 
Systems program t o  i nc rease  th rough  1985. Mat ing network a c t i v i t i e s  t o  t h e  
needs o f  NASA's programs i s a cont inuous c o o r d i n a t i o n  process t h a t  p rov ides  
c u r r e n t  p lans ,  such as those  shown i n  F i g u r e  VI-3, f o r  m l ss i on  suppor t  by t h e  
ground network.  The consol  i d a t e d  ground network w i l l  suppor t  severa l  Ear th -  
s a t e l l i t e  m iss ions  t h a t  would no t  be compat ib le  w i t h  TDRSS. The p r i n c i p a l  
e a r l y  Improvements planned f o r  t h e  network a re  descr ibed  i n  t h e  paragraphs 
t h a t  f o l l ow .  

Far t h e  te lecammunicat ions needs o f  t h e  Venus Ba l loon  Experiment and t h e  . 
Pa th f i nde r  miss ions,  t h e  64-meter antenna s i t e s  o f  t h e  ground network w i l l  be 
prov ided a capab i l  i t y  f o r  r e c e i v i n g  L-band s i  gnal  s. 
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FIGURE VI-2 
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FIGURE V1-3 
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I n  1986, w h ~ n  t h c  Voyager 2 s p a c e r r a f t  w i l l  be n e a r l y  t h r e e  billion 
k i  lomcters from Earth, c lose  t o  the p lane t  Uranus, i t s  rece i  ved signal  w l l  l be 
below t h e  requl red threshold, The ground rretwork w i l l  boost t he  s igna l  by 
adding the signal rece i  ved by the Aust ra l  I a n  64-n~eter Parke radiote lescope t o  
t h a t  recelved by the NASA ground network a r ray  a t  Canberra. 

An X-band ~ r p l i n k  command system t o  be added t o  the  ground network about 
1987 w i l l  provide several advantages t o  Gal 1 l e o  and 1 a t e r  p lanetary  m! sslons. 
Because o f  the blackout e f fec ts  o f  t h e  s o l a r  corona, t he  cur ren t  S-band systeK 
does n o t  ensure t h a t  spacecraf t  a t  Jov ian distances can receive conmsnds aver 
t,ransmisslon paths w i t h i n  15 degrees of t h e  sun. The X-band system w i l l  
reduce the blackout, which could l a s t  up t o  30 days, t o  3 days, It a lso  w i l l  
provide two add l t lona l  f u l l - t t m e  benef i ts :  an improvement by a f a c t o r  o f  5 i n  
s ignal  s t a b i l i t y ,  as i t  a f f e c t s  navigation, and a b e t t e r  s b i l l  t y  t o  search f o r  
g r a v i t y  waves. 

To sus ta in  NASA's f l  i ght t e s t s  aboard sound1 ng rockets,  research a1 r c r a f t  , 
and bal loons, the Space Tracking and Uata Systems program l n c l  udes a phased 
a c t i v i t y  t o  upgrade and replace equipment f ~ r  the  domestic, fo re ign ,  and 
mobi le t rack ing  and data a c q u i s i t i o n  f a c i  1 i ti LS operated by NASA's Wallops 
F l  i ght F a c l l  i t y  and Dryden F'l 1 ght Research Fnci 1 i ty. The program inc ludes  
developing a capabi I i t y  a t  Dryden f o r  support ing mu1 t r i p l e  miss io r~s ;  p rov id ing  
t rack ing  arid data ~ c q u i  s i  t l o n  support t o  t he  National Sc len t i  f i c  Bal loon 
Faci  1 i ty a t  Pal e s t l  ne, Texas; consol i d a t i  ng Drjden, b t o f f e t t  F ie ld ,  and Crows 
Landd ng f a c i l  i t i  es under Dryden managemnt ; and 1 mprovi ng the  impact 
p red i c t i on  syh.te~n snd f i x e d  radar capabi 1 i ti es a t  Wa? l o p s .  

3. Comn~u: ':..!..sons and Data Systems - ,~ . . 82, 

T D R S S  s e r v i c e s  w i  11 b,> accompanied by  a s u b s t a n t i a l  f  nc rease i n  t h e  
volumes o f  data t o  be t rans fe r red  and processed, Economies and inlprovements 
w i l l  be obtained through mol t  t r a n s f e r  o f  data e1ec t ron i ca l l y  t o  reduce the  
need f o r  human i n t e r v e n t i o n  and tape handl ing; automated a l e r t s ,  a1 arms, and 
cont ro l  o f  data q u a l i t y ;  and standard data l a b e l i n g  among data bases. Aged 
and obsolete computing systems f o r  mlss ion support w i l l  be replaced t o  reduce 
downtf me and maintenance costs ; and Inore use w i  11 he made o f  microprocessors . 

W i  t h i  n  t h e  next  few years, miss ion con t ro l  systarns w i l l  be ready t o  con- 
t r o l  the  operations of the  h i g h l y  i n t e r a c t i v e  Space Telescope. I n  add i t ion ,  
t h e  Space Tracking and Data Sys t~ms program w i  11 develop mission con t ro l  
systems f o r  new spacecraft  such as the  Earth Radiat ion Budget S a t e l l i t e ,  Upper 
Atmosphere Research Sate1 1 l t e ,  I n t e r n a t i o n a l  Solar  Te r res te r i  a1 Physics 
Program sate l  1  i t e s ,  Gamma Ray Observatory, arld Cosmic Background Explorer.  
The program also w i l l  increase automation o f  i t s  con t ro l  f a c i l i t i e s  and wf17 
support s tudies o f  t h e  a rch i tec tu re  o f  the space s t a t i o n ' s  data system. By 
1986, i t  w i  11 have cornpl eted a program-support comuni  ca t  i ons network t o  
prov ide NASA's headquarters, f i e l d  centers,  and major cont rac tors  w i t h  
supplemental communications services f o r  conduct ing day-to-day business. 
Those servlces w i l l  i n c l u d e  a data t r a n s f e r  r a t e  o f  56 k i l o b i t s  per  second 
(kbps) o r  greater and 1 i m i  t e d  vf deo conferencing . 

N A S C O M  a l r e a d y  has i n c o r p o r a t e d  a 56-kbps c a p a c i t y  i n t o  most o f  i t s  
c i  r c u i  t s  . To accommodate expected f u t u r e  requi rements f o r  even wider 
bandwidths, plans inc lude d i g l t a l  vof ce c i  r c u i l s ,  bandwidths up t o  224 kbps 



f r o m  ove rseas  s t a t i o n s ,  g r e a t e r  use  o f  f i b e r  o p t i c s  f o r  l o c a l  l l n k s  t o  
sate1 1 i t e  ground t e rm lna l  s, and p o s s i b l y  d l  r e c t  I n t e l  sa t  hop from network 
s t a t i o n s  t o  t h e  J e t  Prr; I s ion  Laboratory .  

4, Research and Development f o r  Advanced Systems 

The Advanced Systems program, a r e l a t i v e l y  smal l  bu t  v i t a l  p o r t i o n  o f  t h e  
t o t a l  program, c o l ~ s i  s t s  o f  s t ud ies  and development o f  techno l  ogy . I t  prov ldes  
a base f o r  f u t u r e  p l ann ing  and For develcpment o f  c o s t - e f f e c t i v e  suppor t  
c a p a b l l  i t i  es.  I t  recogni  zes t h e  dramat ic  changes t a k l  ng p l ace  4 n telecommunt - 
c a t i o n s  and computer technology and t h e  eve r - i nc reas ing  need t o  assess znd 
app l y  advances i n  those areas t o  improve t r a c k i n g  and da ta  a c q c i s l t l o n  f o r  
f u t u r e  miss ions.  The f o l l o w i n g  a re  examples o f  i t s  o b j e c t i v e s  and t he  s t a t e  
o f  i t s  technol  ogy : 

o  Increase i n  ab i  1 i t y  t o  co~nrnuni ca te  w i t h  spacecra f t  

- K-band antenna w i t h  34-meter d iameter  f a r  deep space miss ions  

- Use o f  m i l l i m e t e r  waves and o p t i c s  f c r  telecommunnications 

o  Greater nav i  gat1  on capaoi  1 i ty 

- Trackir tg o f  Ear th -o rb i  t i n g  m i  s s i  ona rmith decimeter  p r e c i s i o n  

- Measurement accuracy o f  5 nano-radi  ans f o r  ground-based nav i  g a t l o n  

o Opera t iona l  improvements f o r  ground s t a t i o n s  and da ta  hand l lng  and 
p rocess ing  

- More use o f  d i g i t a l  r e c c i v e r  des ign and custcm VLSI (Very Large 
Scale  I n t e g r a t i o n )  

- Unattended s t a t  i o n  ope ra t i ons  and d l  s t r f  buted command management 

- Autonomous spacecraf t  da ta  hand1 i ng , i n c l  ud i  ng a numer i ca l l y  con- 
t r o l  1  ed osc i  11 a l o r  and onboard merging o f  sensor da ta  w i t h  a t t i t u d e  , 
o r b i t ,  and t i l ne  

o  Technology t o  f a c i l ~  cate  TDRSS use by p r o v i d i n g  f o r  user  spacecra f t :  

- Recorders w i t h  20- anu 150-Mbps c a p a b i l i t y  

- Second-generati on t ransponder  

- D i r e c t i v e  antensas, 

5. Advanced S tud ies  

a. T rack ing  and Data A c q u i s i t i o n  System f o r  the 1990s 

The TDRSS i s  expected t o  meet t h e  needs o f  t h e  space program th rough  
t h e  1980s, b u t  increases i n  data volume fo r  misstons planned f o r  t h e  1990s 
wil l  produce a need f o r  new r e l a y  c a p a b i l i t i e s .  The fo l low-on  Track ing  



and D t l t a  Acqu is i t i on  System being planned For the 1990s must prov ide more 
1 Inks ;  greater  ( g i gab l  t s )  capacl ty  ; a re lay- to - re lay  I l n k ,  and d i r e c t  , 
relay-to-ground, 1 i nks .  Studles a1 ready have examined t h e  support needs 
o f  remate spacecraft ,  concepts f o r  and the  form o f  re lays ,  and the  r o l e  o f  
new techno1 ogy such as t h a t  f a r  a p t i  cal and m i  11 imeter-wave te l  ecommunf - 
cat ions. 

b. Orbf t i n g  Deep Space Relay Stat ion 

Rapid advances be ing  made i n  telecommunications tec:inology a r e  
expec ted  t o  have a p r o f o u n d  e f f e c t  on 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  o f  deep-space mlssions i n  t he  next  decades. For  example, a deep- 
space relay sate11 i t e  $ n  geostat ionary o r b i t  us7 ng an outward-looking 
op t fca l  rece iver  may increase d ramat i ca l l y  the in fo rmat l  on and sclence 
r e t u r n  f r o m  N A S A ' s  p l a n e t a r y  m i s s i o n s .  The Space T r a c k l n g  a>;J D a t a  
Systems program w i l l  cont inue t o  examine the Feasi b i  11 t y  o f  promi s ing 
concepts and w i l l  study dechnolagies and t radeo f f s  f o r  such a re lay .  
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V I I ,  SPACE RESEARCH AND TECHNUOGY 

Tho Space Research and Technology program i s  designed t o  sat1 s f y  the needs 
f o r  space technology o f  the U,S. Government and U.S. i n d u s t r y  cons ls tun t  w i t h  
NASA's resources and tho long-range plans o f  the other  NASA program o f f i c e s ,  
I t s  domain i s  technology w! t h  broad a p p l i c a b i l l  t y  no t  r e l a t e d  d i r a c t l y  t o  
spec1 f i e  projects, I t  concentrates on long-term, h i g h - r l  sk research and 
technology development t o  prov ide the  knowledge, opportuni t i c s ,  a1 t e r n a t l  ves, 
and capabi 1 i t i e s  needed t o  sat1 sfy na t lona l  apace object1 ves end supp-trt t ho  
N a t i  on s economic growth and defense. I t s  formul at1 on rcqu i  res cx tens i  va 
consul t a t l o n  w i t h  the  other NASA program o f f l c e s ,  tho Department o f  Defense, 
and the  aerospace i n d u s t r y  t o  ensure t h a t  t h e i r  needs are i d e n t f  f led. Many o f  
I t 5  p r o j e c t s  a r e  conducted j o f n t l y  w i th  o t h e r  program o f f i c e s  and the 
Department o f  Defense t o  Faci 1 i t a t e  t r a n s f e r  o f  the techno1 ogy dove1 oped 

A. Goal 
-0 

The program's goal 1 s t o  conduct e f f e c t 1  ve, product ive, 1 ong-term research 
programs tha t  c o n t r i b u t e  materi a1 l y  t o  c o n t l  nucd U.S. 1 eadershi p and s e c u r i t y  
i n  space, That goal requi res a con~mitment t o  advance the  technology base 
supporting f u t u r e  na t iona l  programs t o  conceive and design advanced space- 
c r a f t ,  continue b u i  1 ding the technol ogy foundation f o r  lmprovf ng low-cost 
access t o  space tlrrbough Shut t le  enhancements and o r b i t a l  t r a n s f e r  concepts, 
support a permanent human presence i n  space by focusing technology t h a t  can 
riltike evoluhionary growth o f  a space s t a t l o n  possib le,  and support projected, 
1 ong-terrr~ needs r e l a t e d  t o  m i l i t a r y  and commercial rrse o f  space. 

B, Object i ves 

The program i s  s t ruc tured t o  support t h a t  goal w i t h  emphasis on maln la in-  
i ng a t e c h n i c a l l y  d l  s c i  p l  l ned base o f  expe r t i  se, Faci 1 i t i e s ,  and knowledge and 
on generat ing advanced technol ogy opt ions,  I t s  object f  ves are  t o :  

o Matn ta in  NASA centers I n  pos i t i ons  o f  excel lence i n  c r l t i c a l  space 
technol  ogy areas, f ac i  1 i t i e s  , techn ica l  s t a f f ,  and computational 
capabi 1 i t y  

o Ensure t i m e l y  p rov is ion  o f  new concepts and advanced technology f o r  
U.S. c i v i l  and m i l i t a r y  space a c t i v i t i e s  

o Assure t h e  appropr iate involvement i n  t he  Space Research and Technology 
program by u n i v e r s i t i e s  and i ndustry 

o Assure the  t r a n s i t i o n  o f  t ~ r n e l y  research r e s u l t s  t o  t he  U.S. aerospace 
indus t ry  

o Provlde development support t o  NASA's space f l i g h t  p r o j e c t s  and t o  
space act ivS t i es o f  other  government agencies and U.S. Industry .  

1. Mainta in Excel lence -ia NASA Center C a p a b i l i t i e s  

The e x c e l l e n c e  o f  NASA's f l e l d  crznters i n  c r i t i c a l  a r e a s  o f  space 
technology I s  an essentf  a1 element I n  I J S A ' s  a b i l i t y  t o  s a t i  sly t he  Nation's 
needs f o r  advanced space systems, T!IE i n s t i t u t i o n a l  base provided by t h e  



centers  has boon a n a t i o n a l  resource s i nco  t h o  Agoncy was as tab l l shod ,  To 
ma in ta i n  and s t reng then  the1 r + r; lrnicol capabi li t i e s  r oqu i  r c s  con' t l  nuous 
assossnlent o f  the1 r personnel  , f n d l  f i t I es , and programs , 

The must f n ~ p o r t a n t  f a c t o r  i n  I n c  exca l l encc  o f  t h e  f i e l d  cen te r s  I s  t ho  
competence o f  t h e t r  t s c h n i c a l  s t a f f s ,  ma ln ta lned  by onsur lng  t h a t  tho mix  and 
balance o f  s k i  11s match t h e  ccn ta r ' r ;  assigned p r o g r a m a t l c  respons ib t  li t i e s  
and t h a t  tho work e n v l  ronrnent w i l l  a t t r i i c :  and h o l d  t h e  b e s t  o f  n e w l y  
graduated s c l e n t l s t s  and cnglnoers,  Dual crlt*oer ladders  a re  mainta ined t o  
p rov lda  p romr t lons  f o r  members o f  t h e  t e c h n l f a l  s t a f f  who p r e f e r  t o  remain 
rcsearchars  r a t h e r  than  t o  become managers, 1'6 s t 1  mu la tc  c r e a t i v o  p roduc t ion  
f u r t h e r ,  t h e  r e g u l a r  p r o f e s s i o n a l  s t a f f  I s  augmented t h r o u g h  g r a n t s  t o  
v l s l t l n g  scientists and w i t h  researchers  oli temporary appointments and 
pos tdoc to ra l  f e l l  owshi ps , 

P r o d u c t i o n  o f  technical r e s u l t s  o f  t h e  h';ghest q u a l i t y  a l s o  r a q u ~ r e s  
acqul s i  t i  on and maintenance o f  s t a te -o f  - t he -a r t  f a c l l  i t 1  es and 1 abora to ry  
equipment. The progrvam's facilities and equipment, now mos t l y  ground basad, 
a re  becoming i n c r e a s i n g l y  space based o r  t r a n s p o r t a b l e  t o  space f o r  
experisncnts and t e s t s  i n  t h e  space env l  ronment . The i n-space f a c i  1 I t 1  es and 
equf pmont c o n s t l  t u t e  a unique resource ava i  1 ab le  f o r  government and l ndus t ry  
use, j u s t  as NASA's wind t unne l s  serve aeronau t l cs  needs. 

The O f f i c e  o f  Aeronautics and Space l 'echnology has I n s t i  t u t l o n a l  
ra.jl;onsl b i  li t y  f o r  t h e  t h r e e  research cen te r s  and suppor ts  t he  space f l i g h t  
eentars  i n  areas e s s e n t i a l  t o  t h e  Space Technology program. I t  d i s t r i b u t e s  
the work of  t h e  Space Technology program accord ing  t o  t h e  c a p a b i l i t i e s  f o r  
spac la l i zed  ~ ~ e s e a r c h  es tab l i shed  a t  each f i e l d  cen te r .  A l l o c a t i n g  the  work 
i n  t h a t  manner perml ts  assignment o f  t h e  most; qua1 l f i e d  researchers  t o  each 
p r o j s c t ,  optimal use o f  research f a c i  1 i t l e s  and equipment, and avoidance o f  
duplication o f  e f f o r t ,  The f i e l d  c e n t e r s  r e i n f o r c e  t h e i r  e x p e r t i s e  by 
c o l  l a b o r a t l n g  w i t h  u n l v e r s i  b y  researchers.  The p r i o r i t y  research areas a t  t h e  
cen te rs  r ep resen t i ng  c u r r e n t  emphases and p o s s i b l e  f u t u r e  d i  r e c t l o n s  a r e  
l l s t e d  below, 

a. Research Centers 

The research cen te r s  w i l l  c o n ~ i n u e  t o  be sus ta ined  and strengthened hs 
cen te r s  o f  exce l  l ence  i n  fundamental space d l  s c i  p l  i nes, w l  t h  t h e  emphases 
o f  each as i n d i c a t e d  by t h e  fo l  lowtlg o b j e c t i v e s :  

(1) Ames Research Center 

o Ma in ta in  exce l  1 ence i n  e n t r y  aerothermodynarni cs, thermal p r o t e c t i o n  
system ma te r i  a l  s , 1 i f e  sc iences , and i n f r a r e d  d e t e c t i o n  systems 

o E s t a b l i  sh excel  1 ence i n  a r t i  f i  c f  a1 i n t e l  1 i gence, computer science 
and a p p l i c a t i o n s ,  and use o f  l a r g e  scientific computers as research 
t o o l  s , 

(2 )  t anq ley  Research Center 

o Ma in ta in  exce l lence  i n  aerotherrnodynamics, ma te r i  a1 s ,  s t r u c t u r e s  
and t h e i  r dynamics, remote sens t ng techno1 ogy, atmospheric 



s c j  oncos, space e lec t ron i cs ,  con t ro l  systems, da ta  systems, ond 
concepts and system a n a l y s i s  f o r  space veh lc lcs  

o  Enhance axcol lencc I n  t e l o o p c r a t i  on, robo t l cs  , and 1  arge space 
s t ruc tures  for antanna systems, 

( 3 )  Lewls Research Center 

o Ma in ta in  excel lance i n  I lquld-chemlcal and e l e c t r i c  propul slon; 
comrrlrnlcati 07s systems, components, and dcvf ces ; and space powor 
s3stems, i n c l  ud i  ng photovol t a i c s  , fue l  eel 1 s, and energy storage 
dovf ccs 

o Enhance excel lence I n  ma te r i a l s  and s t ruc tures  f o r  l i q u i d  rocket  
systems, 

b ,  Space F l i g h t  Centers - 
To suppurt f l i g h t  development program and o ~ e r a t l o n s ,  the  space 

f 1 i ght centers have developed exper t i  se l n the  techno1 ogy areas 1 l sted 
be1 ow. That exper t i se  w i  11 be used and c o n t i n u a l l y  re in fo rced,  

(1) goddard Space F l i g h t  Center 

o Information systerns 

o Data handl lng and sensors 

o Laser comrnuni c a t i  ons 

o Thermal management 

( 2 )  - Jet Propul s ion  Laboratory 

o Guidance, c o n t r o l  , and nav iga t jon  

o Sensors and instruments f o r  space observat ion 

o Photovol tad cs , energy s to rage ,  and thermal 4 0 - e l  e c t r f  c conversl on 

o Teleoperator and autonotnous systems 

o End-to-end I n f o r m a t i  on systems 

( 3 )  Johnson Space Center 

o Thermal management 

o  Human fac tors  and l i f e  support 

o Fuel c e l l s  

o F l i g h t  con t ro l s  



o Sof tware dovol oprnent 

o Data management systems 

M a r s h a l  1 $ace F l  i g h t  Center 

o S t r u c t u r e s ,  m a t e r i a l  s , and dynamics 

o Cheml c a l  propu l  s i  on sy: icms 

o F l e c t r i c  pnwer ~ ; ~ : e i ~ i ,  

2 ,  Ensure Time1 y Prov l  s i  cn o f  Xew Concepts and Adv3ncer! Techno1 u g x  - .- 
A s t r o n g  technology base .Is e s s e n t i a l  t o  t h e  preeminence o f  t he  Uni ted 

States i n  space, and t i m e l y  p r o v i s i o n  o f  technology i s  c r i t i c a l  t o  t h e  o r d e r l y  
developlnent: o f  new space concepts and ~ n i  s s f  on capabi 1 S t i e s .  With p r i n ~ a r y  
respons i  b i  11 t y  f o r  ma1 nt;i n i  ng and c,,pandJ ng space research and technology,  
t h e  Space Techno logy  p rog ram i s  t h e  s o l s  o r  p r i n c i p a l  sponso r  I n  some 
discipline areas. To p rov i de  a technology base f o r  t h e  space activities o f  
NASA, I n d u s t r y ,  and t he  Department; o f  Defense, i t  w i l l  con t inue  t o  i d e n t i f y  
techno l  ogy needs and t a  coo rd i  pate,  review, and assess space technol ogy work 
w i t h i n  and ? x t e r n a l  to  NASA. I t  w i l l  p r o v l d e  advanced teclrnology f o r  r o u t i n e  
access t o  spacp, commercial.I r a t i o n ,  and permanent space f a c i  I i t i o s  , I t  a1 so 
w i  11 p ru t i i de  a technology base f o r  t h e  p r o j e c t - v e l a t e d  technology development 
conducted by the  Space Scl  ence and Appl 'i c a t i  ons program. 

3. Ensure Appropr i  a t e  --,- involvement o f  lJni v e r s i t i e s  and I n d u s t r y  

To ensu re  t h e  maximum r a t e  o f  technology advanc1:lnent and the wides t  use 
o f  t h e  r e s u l t i n g  products,  p a r t i  c i  pa t  f on by the  most ~ p a b l  e government, 
u n i v e r s i t y ,  and f n d u s t r i a l  o rgan i za t i ons  i s  e s s e n t i a l .  An Inc rease  i n  t h a t  
p a r t i c i p a t i a n  wi 11 b~ encouraged, and nddl' cjond' l  fund i  ng f o r  t h a t  purpose i s  
planned , 

The Na t i on ' s  un i  v e r s l t i e s  a r e  an impor tan t  source o f  t e c h n i c a l  understand- 
I q g ,  new concepts,  and t ra - tned  t echn i ca l  personnel  f o r  space research and 
t?chnology. C u r r e n t l y  11 percen t  o f  t he  space research and technology bcdget 
goes t o  t h e  u n i v e r s i t i e s ,  and an increase i n  t h a t  f rac t ' l on  i s  planned. For 
i ts centers-of  -excel  1 ence o b j e c t i  ve, t h e  Space Techno1 ogy program wi 11 encour- 
age the research cen te rs  t o  i nc rease  t h e i r  coopera t i  on w i t h  u n i  v e r s i  t i es and 
un i  ve r s i  ty  c o n s o r t i  a, thereby c r e a t i n g  "Na t iona l  Centers o f  Excel 1 ence .I' The 
prLayram a1 so w i l l  make s p e c i a l  e q u i p m e ~ t  g ran ts  t o  upgrade u n i v e r s i t y  
cqui ptnent and w i  1 I prov ide  t o  t h e  vn l  v e r s i t i e s  access t o  NASA's  speci  a1 i zed 
equl  pment and Eac3 1 i ti  es, 

NASA's i n t e n t  t o  increase u n i v e r s i t y  p a r t i c i p a t i o n  complements 5:mi 1 a r  
r ecen t  a c t i v i t i e s  o f  o ther  f ede ra l  agencies. An ad hoc work ing Croup on 
s c i e n t i f i c  i n s t r umen ta t i on  corivened by t h e  Nat iona l  i iesearch Counci I ,  a s tudy 
by t h b  N a t i o t ~ a l  Science Forlndation, and t h e  I n t o ~ a g e n c y  Working Group on 
Sc le t i t i  f l c  1nst;rumentation have concluded i n d i v i b  . ' i y  tha t  modern iza t ion  o f  
i r~strurnents and equipment i n  un iversc t y  research  l a b o r a t o r i e s  i s  e s s e n t i a l  t o  
the f u t u r e  research  capabi 1 l ty  of t h e  ;In i l,oS States.  They recommended t h a t  
t h e  federa l  government work w i t h  the  t9~:seart;h u n i v e r s i t i e s ,  i n d u s t r y ,  and 



o t h e r  i n s t i t u t i o n s  t o  r e p l a c e  o b s o l e s c e n t  and worn o u t  i n s t r u m e n t s  and 
equi pment i n  u n i v e r s l  t y  laboratories. I n  ~ u p p o r t ,  NASA i s  s t renythening tho 
u n i v e r s t t y  conlponent o f  t h e  Space Technology program, w i t h  emphasis on 
upgrading unl  v s r s i  t y  research I nstrumenls and equipment t h a t  support NASA's 
technol  ogy o b j e c t i  ves, 

Increased p a r t i  c l  p a t i  on o f  1 ndust r y  I n  space research and technol agy w i  11 
be sought. The Space Technology program, w i t h  the assistance o f  p r i v a t e  
organ i  z a t l  ons on contrhart  , w i  11 concentrate i t s  inhouse resources on 1 ong- 
rango, h l  gh-r i  sk research and development; i ndus t r y  w i  11 be encouraged t o  take 
t h e  lead i n  more mature technologies and t o  develop operat ing devices and 
systems. Those complementary a c ~ i  v i  t i  es w i  1 I be coordinated, in fo rmat ion  w i  11 
be exchanged, and mutual  c u p p o r t  w i l l  be ach ieved t h r o u g h  b i l a t e r a l  and 
mu1 t t  1 a te ra l  reviews o f  p l  ar s ,  i n d u s t r y  Independent Research and Development , 
performance,  and r e s u l t s .  The outcome s t lou ld  be t h e  b e s t  use o f  b o t h  
governvent and i ndust ry  resoul-ces . 
4. Ensure Timely Transfer o f  Resu l ts  t o  U.S.  Aerospac2 Indus t ry  

Transfer  o f  technology t s  users i s  the f i n a l  step i n  the  advanced research 
and technology development process. I t  requi res proper repo r t i ng  of research 
r e s i t l t s  and rnsLuri ty  o f  technol ogy development , The Space Techno1 ogy program 
w i l l  expand i t s  r e p o r t i n y  through use o f  e x i s t i n g  repo r t i ng  mechanisms such as 
program repor ts  t o  Congress and t h e  O f f i c e  o f  Management and Budget, techn ica l  
pub1 i cations, and presentat ions a t  techn ica l  symposia and conferences. Use 
a l s o  w i l l  increase o f  conferences sponsored by the Headquarters and the  f i e l d  
cen te rs  f n both broad and speci f i c  techn ica l  area?, as w e l l  as o f  cooperat i  on 
and co-sponsorship w i t h  other NASA program o f f f ees ,  other  c i v i l  government 
agenc ies  t h a t  encourage I n d u s t  r i a l  p a r t i  c l p a t t o n ,  and t h e  Department o f  
Defense. lnteres*.ed segments O F  t he  aerospace community w i l l  ba given e a r l y  
not  i f 1 cat1 on o f  t he  conferences, and broad nat iona l  p a r t i c i p a t i o n  w i  11 be 
encouraged. Personnfil i n  Headquarters and t h e  f i e i  d centers w i  11 exchange 
r e p o r t s  on program progress  and accomplishments r e y i r l a r l y  w i t h  i n d u s t r y  
through v i s i t s  and o ther  means, 

A technology's ma tu r i t y  i s  important w i t h  respect t o  i t s  se lec t i on  f o r  
i n c l  u s i  on i n  f 1  i g h t  programs. The Space Technol ogy program w i  1 1  ensure  
m a t u r i t y  by val i d a t i n g  research a7d technulogy r e s r ~ l  t s  througn experiments and 
t e s t s  on the  ground and i n  space. TIIL program elenlent, Add i t iona l  F l i g h t  
Experiments i n  Space described i R Paragraph F, P I  anned In1  t i  at4 ves, w i  11 
support t h a t  a c t i  v i  t y .  

5. P r o v i d e  Development Sur o r t  t o  NASA, Other  Government Agencies,  and 
r n d u s t r v  

- 
The Space Technol ogy program's techn ica l  s t a f f  and f a c i  1 i t 1  es are na t i ona l  

 resources va1 uable n o t  only t o  t h e  other  NASA program o f f i c e s ,  bu t  a l  so t o  
o the r  government agencies and U,S. i ndus t ry .  The program supports the  space 
u s e r  community i n  t h e  areas i n  wh ich  i t  possesses recogn ized  t e c h n i c a l  
exce'llence, p a r t i c u l a r l y  those i n  which maintenance of the technology base s 
i t s  unique or p r i n c i p a l  r e s p o n s i b i l i t y .  In support ing t h e  users, i t  a l s o  
nrakes uee o f  t h ~ !  oppor tun i ty  t o  augment i t s  own s to re  of: experfence and data,  
t o  t h e  bene f i t  o f  i t s  subsequent research and developmt3nt programs, This  
i nvo l  ve~nent w i t h  t h e  user community w i  11 be conb;nued. 



frog ran^ P I  anni ng and D i  r e c t i  on 

'The Space Technology program uses a v a r i e t y  o f  mechanis~ns t o  ensure t h a t  
i t s  a c t i v i t i e s  are comprehensive and are p r i o r i t i z e d  so as  t o  provide the  
technologies t h a t  are c r i  t l c a l  t o  o r  strbongly a f f e c t  m l  ssion capab t l i  t y ,  cost ,  
and productivity, Those mechanisms ensure a  match between the program's 
technology t h r u s t s  a ~ i d  the  c a p a b i l i t y  needs of  users. 

1, NASA Space Systems Technology Model - 
The NASA Space Systems Technology Model i s  a  compi la t ion  o f  an t i c i pa ted  

NASA system and program requirements, technology t rends,  and forecasts f o r  
space technology. It i s  a reference f o r  use i n  identifying technologies 
r e q u i  r e d  f o r  f u t u r e  m i  s s i o n s  , p l  ann l  ng and assass i  ng  space r e s e a r c h  and 
technol agy programs, and fo recas t i ng  t h e  a v a i  1 abJ 1  i t y  o f  technolnqy f o r  usf! i n  
mlssion planning. I t s  use ensures t h a t  cu r ren t  space research ar~d technology 
development act4 v t t i e s  support N A S A ' s  o v e r a l l  goals and ob jec t ives .  The 
system t e c h n o l  ogy needs and r e q u i  rements 4 t p r e s e n t s  do n o t  c o n s t i t u t e  
o f f i c i a l  agency plans. However, i t  conta ins a broad menu of candidate and 
oppor tun i ty  m i  ss i  00s and programs unconstrained by cu r ren t  fundi  ng expecta- 
t i o n s  and, therefore,  i s  a valuable source document f o r  NASA 's  long-range 
p l a n n i n g .  It c o n s i s t s  o f  t h r e e  volumes o f  i n f o r m a t i o n  assembled f rom a 
v a r i e t y  o f  sources, notably  t h e  Headquarters program o f f i c e s .  

Vol  ume I p r a v i r l e r ~  p l a n s  f o r  and f o r e c a s t s  o f  systems, programs, and 
payl oads f o r  bo th  near-;erm and far- term missions. The systems, programs, and 
payl  oads range from those approved, planned, o r  candidates f o r  i n i  t i  at ior ,  
w i t h i n  t h e  next t en  yeatqs t o  more specu la t ive  "oppor tun i ty "  missions f o r  
1 a t e r  years. Volume I1 conta ins  the Space Technology program's assessment of 
t rends  and forecasts o f  space technol ogy and provides fi gure-of-meri t data 
charac ter i  z ing research and technol ogy development p l  ans and oppor tun i t ies .  
Volume ZII i s  an analys is  o f  s ta ted  and imp l i ed  technology requfrements and 
oppor tun i t i es  der ived p r i n c i p a l l y  From t h e  data base o f  Volumes I and 11. I t  
j d e n t i f i e s  a s e t  3 f  ' landmark"  NASA i n i ss ions - -m iss fons  t h a t ,  o f  a l l  t h e  
Agency's missions, have t h e  most ambit ious ob jec t ives  and employ t h e  most 
advanced t r  An01 ogy. 

D e r i v a t i o n  o f  the  t rend  and forecast  po r t i ons  o f  t h e  Model d i d  not take 
i n t o  c o n s i d e r a t i o n  t h e  i d e n t i t y  o f  t h e  u l t l m a t e  use r ,  whether  NASA, t h e  
Oepartment o f  Defense, o r  i ndus t r y .  However, the  missions and systems o f  
Volume I and the landmark missf ons o f  Volume 111 are l i m i t e d  t o  NASA missions. 
The Department o f  the ? i r  Force has developed a  technology model t o  prov ide 
co~riparabl e  i nformat i  on f o r  i t s  m i  ss i  ons. The Space Techno1 ogy progvam uses 
t h a t  niodel i n  i t s  p lanning and, b e t t e r  t o  s a t i s f y  i t s  r e s p o n s i b i l i t y  f o r  
p rov id ing  technology f o r  space m i  ssi  ons i n  general , w i  11 broaden i t s  technolo- 
gy model t o  cover the needs o f  missions planned by o ther  government agencies 
and Industry .  

System-Level Planning 

To focus i t s  systems r e s e a r c h  and techno logy  development,  t h e  Space 
Techno'rogy program d i  vides systems i n t o  th ree  classes: Soace Transportat ion 
3jstxms, Spacecraft Systems, and Space S t a t i  on Systems. That categor i  z a t i  an 
has the add i t i ona l  advantage o f  p rov id ing  a systems perspect ive f o r  



coord i  na t i cn  and i n t e g r a t i  on o f  development 5f Por ts  i n  the v a r i  ous technol ogy 
d l  scf p l  ines. I n  the  system-level a c t i  v i  t i e s ,  technology r e q ~ l i  rements and 
oppor tun i t i es  f o r  planned and p o t e n t i  a1 missions are i d e n t i  f l e d ,  system-level 
analyses are conducted t o  i d c n t i  fy h i  g h - p r l o r i  t y  d i  sc i  p l  i nary technol ogles and 
quan t i  fy  t he i  r impact, and d l  s c i  p l  i nary technol ogy prograr~is a re  developed. 

a. Space Transportat ion Systems 

Needed space t ranspor ta t i on  capabl l  i l f  es fa1 1 i n t o  th ree  categor ies:  
Earth-to-orb1 t vehicles, i n c l  udf ng the e x i s t i n g  Space Transportat ion 
Systenl, a  cargo vehlc le more advanced than t h e  Space Shut t le ,  and an 
o r b 1  t -on-demand vehic le;  o r b i t a l  t r a n s f e r  vehicles; and in-space serv ice  
vehi cles. Each category has technol ogy needs generated by I t s  mission 
ob jec t i ves  and serv i  ce envi ronment. Needs f o r  the  advanced cargo veh ic le  
a r e  reduced payload del t v e r y  costs and an a b f l i t y  t o  c a r r y  heavier and 
Inore var ied pay1 oads. The orbit-on-demand veh ic le  must be ab le  t o  respond 
r a p i d l y ,  w i t h  h igh  re1 i a b i  1  i ty  and maneuverabi l i ty.  

Orb i ta l  t r a n s f e r  veh i c le  requ i  rements are reusabi 1 -i t y  ; space-baslng 
capab i  T i  t y ;  a b i l i t y  t o  r e t u r n  t o  low Earth o r b i t ,  probably through use o f  
aerodynamic b r a k i  ng; and u l ~ ~ i r n a t e l y  man-rating. The propul s i  on system 
m o s t  l i k e l y  w i l l  use l i q u i d  oxygen and l f q u i d  hydrogen,  but use of 
hydrocarbon and other  s to rab le  f u e l s  f o r  specia l  missions 1 s  posstble. 

With regard l o  in-space scrv ice ,  t h e  space s t a t i o n  w i l l  p rov ide a  
capabi 1  i t y  f o r  assemblyi ng, serv ic ing,  mat n t a i n i  ng, and repai  r i n g  
spacecraft ,  launch vehic les,  and other  hardware i n  o r b i t  . Some serv i  c i  ng 
tasks  w i l l  requ i  r e  serv ice vehicles able t o  move about independently i n  
space. T h e  s c r v i  ce vehl cles must be equipped w'i t h  autonomo~s navigat ion,  
gu i  dance, and rendezv~us and docki ny systems ; propul s i  on systems requi  r i  ng 
1  i t t l e  maintenance; and r e l i a b l e ,  f au l  t - to ;erant  avf onics systems. 

Spacecraft Systems 

Research and technol ogy development f o r  spacecraf t  systems must 
s a t i s f y  the needs o f  f r e e - f l y i n g  spacecraft and o f  l a r g e  space s t ruc tu res  
such as 1  arge op t i ca l  systems and 1  argc rad i  0- f rsqtency antennas. 
F r e e - f l y l n g  spacecraft ,  bo th  Earth-orb1 t i  ng and p lanetary,  requi  r e  
advances i n  computer hardware and software t h a t  will  permi t  a h i g h  degree 
o f  spacecra f t  automation and autonomy and w i l l  reduce misston costs. I n  
add i t i on ,  advances i n  energy conversion technology can reduce the  weight 
o f  spacecraft  . Large opt i ca l  systems and rad i  o - f  requency antennas are 
needed f o r  science, appl i cat ions ,  and cornrnunications m i  ssions. Technology 
needs f o r  them center on means t o  achieve shape con t ro l  and s t a b i l i t y  o f  
l a r g e  space s t ruc tu res ,  

c.  Space S t a t i o n  S y s t .  

As pa r t  o f  the  na t iona l  commitment t o  e s t a b l i s h  a permaoen,t human 
presence i n  space, NASA plans t o  begin development o f  a space s t a t i o n  
c a p a b i l i t y .  C r i  t l c a l  capabi 1  1  t i e s  f o r  e f f i c i e n t  development and produc- 
t i v e  use o f  the planned i n i t i  a1 and evo lu t ionary  systems w i l l  r equ i re  
advances i n  almost every techno1 ogy d i  s c i  p l  f ne and spacecraf t  system. 
Early emphasis w i l l  be on the f o l  towing: 



o Autamatfon-- to reduce t h e  c o s t s  o f  ope ra t i ons  and jncrease t h e  
p r o d u c t i v i t y  o f  t h e  human-machlne system through sutomated c o n t r o l  o f  
space s t a t i o n  f u n c t i o n s ,  p a r t i c u l a r l y  housekeep-l ng , thereby  making 
those f u n c t i o n s  autonomous 

o I n f o r m a t i  on-- to p e r m i t  onboard p roccss i  ng, d l  s t r i  bu t i on ,  and s torage of 
1 n fo rma t i  on f o r  c o n t r o l  1 i ng space s t a t i o n  f u n c t f  ons and managing 
s c i e n t i  f 1 c and ope ra t i ons  I n fo rma t i on  

o Htlrnan Capabi 1 i t i e s - - t o  f o s t e r  e f f i c i e n t  performance o f  hbmans 1 n t he  
i n t r a -  and e x t r a - v e h i c u l a r  a c t i v i t i e s  neces,sary f o r  operation o f  t h e  
space s t a t i o n  

o A t t i  t ude  Contro l  and S tah i  1 i za l i on - - t o  p rov i de  adap t i  ve, d i  s t r l  buted 
c o n t r o l s  t h a t  can m a i n t a i n  the i n t e g r i t y  and e f f e c , t f v e  ope ra t i on  o f  a 
f l e x i b l e  s t r u c t u r e  

o Energy Management--to p rov i de  power genera t ion  systems, h i  gh-vol tage  
d l  s t r i  b u t i o n  networks, l l igh-capac i  t y  storage devices,  and e f f i c i e n t  
thermal management systerns 

o I n t e g r a t e d  Hydrogen-Oxygen Systems--to devel op a capabi I i ty  f o r  
scavenging hydrogen and oxygen from t h e  S h u t t l e ' s  e x t e r n a l  tank  f o r  use 
i n  env i  ronmental c o n t r o l  , 1 i f e  suppor t ,  onboard p ropu l  s i  on, energy 
p r o d u c t i o . ~  and s torage,  and f u e l  i n g  t r a n s p o r t  v e h i c l e s  se r v i ced  by t h e  
s t a t i o n ,  

3. I n t e r n a l  and Externa l  Coorqdi n a t l  on and Review - 
The Space Technol ogy program plans, develops, and rev iews i t s  act! v i  t i  es 

i n  coor*d inat ion w i t h  t h e  o t h e r  program o f f i c e s ,  o t he r  ~ove rnmen t  agencier,, 
ddv i  sory committees, and i n d u s t r y  and u n i v e r s i t y  organ1 t a t 1  ons . It has ,forlnal 
agreements w i t h  t h e  O f f i c e  o f  Space F l i g h t  and t h e  O f f i ce  o f  Space Science and 
A p p l i c a t i o n s  t o  promote c o o r d i n a t i o n  I n  speci  f i c  areas such as s p a ~ e c r a f t  
technology, exper iments i t1 space, and l i f e  support  systems. Several  ad hoc 
t e c h n i c a l  groups have been formed under those agreements f o r  t h e  purpose o f  
c o o r d i n a t i n g  speci  f i c  technology needs, programs, and r e s u l t s .  An example i s  
t h e  Space S t a t i  on Technol ogy S tee r i ng  Committee, wbi ch was e s t a b l  i shed l o  
p rov i de  guri dance throughout  t he  Aq?ncy on techno l  ogy devel oplnent programs t o  
suppor t  t h e  space s t a t i o n  program. Tha t  committee has t h e  f o l l o w i n g  
o b j e c t 1  ves: 

o To determine t h e  techno logy  needed f o r  1 1 1 i t i a l  des ign and omperat ion and 
subsequent evo? u t i  on o f  t h e  space s t a t i o n  ( I n i  t i  a1 techno l  ogy needs t o  
be a v a i l a b l e  by approx imate ly  1987 t o  suppor t  launch as e a r l y  as  1991.) 

o To assess t e c h n o l ~ g y  a p p l f c a b l e  t o  t h e  space s t a t i o n  t h a t  t h e  base 
research and technology develop~oent program i s  expected t o  produa:e 

o To p lan ,  recommend, and m o n i t c r  a program t o  advance c u r r e n t  technology 
t o  t h e  l e v e l  r equ i r ed  f o r  space s t a t i o n  devklopmenl 

o To i d e n t i f y ,  eval  ua le ,  and recommend o p p o r t u n f t i e s  f o r  us i ng  t h e  space 
s t a t i  t n  as a research and techno l  ogy development f a c i l  i ty. 



To meet .I t s  o b j e c t i v e s  , t h e  Commi t t e e  formed t e n  d l  s c i  p l  i ne-area work l  ng 
groups composed o f  Headquarters program personnel and cen te r  p r o j e c t  person- 
n e l .  NASA's Space S t a t i o n  Task Force submits t o  t h e  Committee statements o f  
m i  s s i  on requt rements from which t h e  Comrni t t e e  and t h e  work+ -g groups fo rmu la te  
and recommend technol  ogy programs. The Comm-i t t e e  i n d  wurkf ng groups then  
a d v i s e  t h e  Space Technology program on the  conduct o f  those programs. 

The Space Technology program c a r r i e s  ou t  sf mi l a r  coo rd ina t i on  a c t i v i t i e s  
w i t h  t h e  A i r  Force and other  defense agencies i n  technology areas impor tan t  t o  
t h e i  r missions, A1 so, techno1 ogy wovkshops i n v o l  v i  ng r e p r e s e n t a t i  ves from 
i n d u s t r y  and un i  ve rs f  t i e s  are sponsored p e r i o d i c a l ?  y t o  o b t a i n  f u r t h e r  rev iew 
and coord i  na t ion ,  

Adv isory  groups p rov ide  addiFiona1 ex te rna l  coo rd ina t i on  and review. The 
two groups w i t h  t h e  most i n +  ,est I n  t h e  Space Technology program ar"e t h e  
Aeronaut ics  alrd Space Engineer I l ~ g  Board o f  t he  Nat iona l  Academy o f  Engineer ing 
and the Space Systems and Technology Advisory  Committee o f  t h e  NASA Advisory 
Counc i l .  Both groups, and t h e i  r subgroups, rev iew t h e  program and i t s  p l  ans 
and p rov ide  recornmendati 011s on the1  r d l  r e c t i  on and con ten t .  

U n i v e r s i t i e s  have an a d d i t i o n a l  involvement i n  t h e  p lann ing  o f  t h e  program 
th rough t he  Summer Facu l t y  F e l l o w s h ~ p  Program, which t h e  O f f i c e  o f  Aeronautics 
and Space Technol ogy , i n  con junc t i on  w i t h  t he  American Soc ie ty  f o r  Engl neer i  ng 
Educat ion, conducts a t  t h e  NASA f i e l d  centers ,  Those summer sessions, u s u a l l y  
t e n  weeks l o n g ,  p e r m i t  t h e  f e l l o w s  t o  conduc t  r e s e a r c h ,  systems d e s i g n ,  
concept  development , and f e a s i  b i  11 t y  asseccnent f o r  se lec ted  d i  s c i  p l  i ne 
t o p i c s .  The program's purposes a r e  t o  g i v e  college and u n i v e r s i t y  f a c u l t y  
members an o p p o r t u n i t y  t o  deepen o r  Grc-adw ~ ; . t ; i r  r e s e a r c h  a n d  t e a c h i n g  
i n t e r e s t s ,  l e a r n  abou t  NASA's s f lace r e s e a r c h  and t echno1  ogy d e v e l  opnient 
program, ga in  i n s i  ght  i n t o  t h e  management o f  f ede ra l  research and development , 
and c o n t r i b u t e  t h e i r  expe r t i se  t o  sp;lce rescsr  -h and techno'logy problems o f  
i n t e r e s t  t o  NASA. For example, i n  t b e  s u m e r  ~f 1983 Amos Research Center and 
Stair  f o r d  Uni v e r s i  t y  managed a s t u d y ,  "rlutonomy and t h e  Hunian E l  ement i n  
Space," i n  which an i n l e r d i s c i p l  i n a r y  team o f  20 f e l l o w s  examjned interactions 
t h a t  cou ld  be expected t o  occur between itutoricmotls machines and humans i n  a 
space s t a t i o n  and p rov ided  recommendations on t h e  symbio t i c  use o f  humans and 
machines. 

4, Assessment 

The O f f 1  ce o f  A e r o n a ~ ~ t i c s  and Space Technol ogy r e g u l a r l y  conducts formal 
assessments o f  i t s  Space Technology program t o  ensure t h a t  i t  responds t o  the 
needs o f  t he  space user  community. The groups conduct ing t h e  assessments are  
composed o f  persons from both w i t h i n  and ou t s i de  the  Agency. The scope o f  t h e  
assessments ranges from t h e  e n t i  r e  NASA space research and techno l  ogy develop- 
rneilt program down t o  an i r i d i v i d u a l  d i sc1  p l i n e  o r  t o p i c .  Suck assessments w i l l  
be cont inued, arid the1  r r e s u l t s  wi 11 be used t o  modi f y  t h e  program and j us t i f y  
program augmentations. 

D. Technol 091 Ob j e c t i  ves -- 
The Space Te~hno logy  program has a broad range o f  t echn i ca l  t h r u s t s .  The 

p r i n c i p a l  ones a r e  embodied i n  t h e  t echn i ca l  o b j e c t i v e s  descr ibed  below. 
Those ob jec t i ves  s i ippor t  t h e  program's goal and o b j e c t i v e s  and p rov ide  a bas is  



f o r  dec is ions  on funding, personnel ,  and f a c i l i t i e s .  The o rde r  i n  w l , i c h  t h e y  
a re  presented does n o t  imp l y  p r i o r i t y ,  and the l i s t i n g  i s  n o t  a l l - i n c l u s i v e .  
Many a c t l v i t l e s  n o t  1 i s t e d  con t i nue  as va l uab le  elements o r  t h e  program. 

1. - Mater i  a1 s  and Concepts "-- f o r  Thermal P r o t e c t  i o n  

E x p l o r a t i o n  and use o f  space w i l l  con t i nue  t o  grow o n l y  i f  reduc t i ons  i n  
system and m iss i on  cos ts  a re  achieved, B e t t e r  m a t e r i a l s  and concepts f o r  t h e  
S h u t t l e ' s  t h ~ r m a l  p r o t e c t i o n  sys tem a r e  e x p e c t e d  t o  be  a key  e l emen t  i n  
reduc ing  c o s t  and i n c r e a s i n g  t h e  S h u t t l e ' s  pay1 oad and m iss i on  capabi 1  i ti es. 
Ceramic, meta l  1  i c ,  and advanced carbon-carbon ma te r i  a1 s and conlposi t e  systems 
w q l l  be developed f o r  use i n  l i g h t e v  and more durab le  hea t  sh i e l ds .  Improve- 
ments t o  be sought f o r  space t r a n s p o r t a t i o n  sys t~ rns  a re  h i ghe r  s t reng th ,  
h i ghe r  temperature r es i s t ance ,  1 onger o p e r a t i n g  I i fe, altd 1 ower ma1 ntenanre 
requirements.  For mu1 t i  -use orb4 t a l  t r a n s f e r  veh i c l es  u s i n g  a e r o - a ~ s i c ~ . i 3 ~ '  
b r a k i n g  f o r  r e t u r n  t o  low E a r t h  o r b i t ,  research  w i l l  be conducted on 1  - 
wei ght  r a d i  a t i  ve and re f1  e c t i  ve heat s h i  e l  ds , Research on ab l  a t i  ve t t ~ a - .  
s h i e l d s  wi 1  I prov f  de lmproved systems f o r  p l a n e t a r y  and s o l a r  probes. 

2. Longer-L i fe ,  Reusat . e  Engines 

Large ,  reusab le  r o c k e t  engines f o r  space t r a n s p o r t a t i  OF veh ic les ,  
necessary f o r  rout!rle aceess t o  space, must be a b l e  t o  operate  r e l i a b l y  at; 
h i  gh performance 5 eve1 s  f o r  many mi ss ions  wi t h  m! nirnal maintenance. 
Therefore,  technology must be develoned f o r  c r i t i c a ?  components, concepts, 
procedures, and ma te r i  a1 s; and advanced a n a l y t i  cal methods must he es tab l  i shed 
f o r  explaining and quantifying engine phenomend The r e s u l t  w i l l  be proven 
o p t i o n s  f o r  development programs t o  meet engine perbformance, 1  i fe,  re1  i ab i  11 - 
ty, and m a i n t a i n a b i l i t y  requirements.  A t t e n t i o n  w i l l  be g iven  f i r s t  t o  t h e  
S h u t t l e ' s  ma in  eng ines .  I n c r e a s i n g  t o  t h e  p l a n n e d  l e v e l  t h e  number o f  
m iss ions  those engines a re  a b l e  t o  f l y  w i l l  r e q u i r e  improvements i n  engine 
components and i n a n a l y t i c a l  t r c h n i  ques f o r  p red i  c t i  ng t h e i  r aerodynamic, 
aerothermodynami c, and ma te r i  a1 performance. To m a i n t a i n  t h e i  r mi ssion-1 i f e  
capabi 1  i ty  whi 1  e i n c r e a s i n g  t h e i  r performance and t h r u s t  1  eve1 wi 11 rnequi r e  a  
con t i nu i ng  e f f o r t .  The r e s u l t i n g  t echno log ies  then w i l l  be extended t o  t h e  
l a r g e ,  h igh-pressure hydrocarbon e n g l n ~ !  and t h e  dual nozz le  engine, one or 
bo th  o f  which w i l l  be needed f o r  E a r t h - t o - o r b i t  v e h i c l e s  more advanced than  
t h e  Shu t t le .  T h i s  o b j e c t i v e  a1 so i n c l u d e s  development o f  d i a g n o s t i c  i n s t r u -  
m e n t a t i o ~  and an a b i l i t y  t o  i d e n t l f y  i n c i p i e n t  f a i l u r e s  and schedule engine 
maf ntenance o  r a m iss ion  compat ib le  bas is .  

3. O r b i t a l  T rans fe r  Veh ic le  Propul  s i  on and Aerobrak i  ng 

A v e r s a t i l e ,  c o s t - e f f e c t i v e ,  o r b i t a l  t ranspor ' ta t ion  v e h i c l e  i s  e s s e n t i a l  
For  expl o i t i  ng space o r b i t s  beyond t hose  the Shu t t \ e ,  advanced E a r t h - t o - o r b i t  
veh i c l es ,  and t h e  space s t d c i o n  w i  11 be a b l e  t o  reach. The planned Orb1 t a l  
'Transfer Veh ic le  w i l l  be reusable ,  space-based, and a b l e  t o  deliver 15,000 
pounds t o  geosynchronous o r b i t .  I t  w i l l  have growth p o t e n t i a l  t o  pe rm i t  
de l  i very o f  1  arge deployable  s t r u c t u r e s  cnd manned systems t o  geosynchronous 
o r b i t  . It w4 11 have a h i  gh-performance, v a r i  ab l  e - t h r u s t  p ropu l  s i  on system; 
c ryogen ic  tanks  capable o f  be i ng  r e f i l l e d  t o t a l l y  w i t h  l i t t l e  l o s s  o f  f u e l  ; 
and aero-assi  s.tsd b r a k i n g  f o r  low Earth o r b i  t recovery  and rendezvous. 



The h i  gh-performance, v a r i  a b l e - t h r u s t  p ropu l  s i  on system w i l l  use an 
expander cycle, h i g h  chamber p rcssure  engine burn1 ng 1  i q u i  d hydrogen and 
1 i q u l d  oxygen f u e l  and w i l l  have  a  n o z z l e  w l t h  a  l a r g e  e x p a n s i o n  r a t i o ,  
T e c h n o l o g y  deve lopment  i s  r e q u i r e d  f o r  concep t s ,  component d e s i g n s ,  and 
ana1yt.l c a l  techn l  ques t o  perm1 t more e f f e c t i  ve e x t r a c t 1  on o f  energy f rom t h e  
cornbustion process so t h a t  t he  inc reased  pump performance necessary f o r  h i g h  
chamber pressures can be obtained. A l s o  r e q u i r e d  a re  des ign  o f  nozz les w i t h  
1  arge expansion r a t 1  os and devel apment o f  d l  agnos t i c  1  ns t rumenta t ion  and 
a n a l y t i c a l  t,echnfque2 f o r  d e t e c t i n g  i n c i  pf e n t  f a1  1  u res  and schedu l i  ng 
c o r r e c t i  ve ac t1  on. 

The use o f  aero-assi  s ted  b r a k i n g  i nsteod o f  p ropu l  s f  on b r a k i n g  t o  recover  
r eusab le  o r b i t a l  t r a n s f e r  veh ic les  a t  low Ea r t h  o r b i t  may o f f e r  a p o t e n t i a l  
f o r  doub l f ng  t he  pay load  t h a t  those vehf c l c s  can d e l i v e r  t o  geosynchronous 
o r b i t  . Techno1 ogy devel  opment i s  needed f o r  v e h i c l e  n a v i g a t i o n  .9nd c o n t r o l  i n  
an aerodynamica l ly  unp red i c t ab le  environment ; a 1  ow-wei gh t  aerobrake, 
i r ~ c l  u d i  ng concept, thermal p r o t e c t i o n  system, and c o n t r o l  o f  backface h e a t i  ng ; 
and a  system design t h a t  w f l l  pe rm i t  s e r v i c i n g  o f  t h e  v e h i c l e  i n  low Ea r t h  
o r b i t  and recovery  of both t h e  v e h i c l e  and a  manned capsule  f rom 
geosynchrcnous o r b i t .  

Technology development e s s e n t i a l  f o r  l ow- loss  r e f 1  11 i n g  o f  c ryogen ic  tanks  
I n  z e r o  g r a v i t y  i n c l u d e s  t h a t  f o r  t e c h n i q u e s  t o  p r e - c h i l l  t h e  tank;, t o  
ln t roduee F l u i d s  I n  such a way t h a t  t h e  system be ing  f i  1  l e d  i s  vapor- f ree,  and 
t o  f i l l  t h e  tanks w i t h  a  predetermined amount o f  f u e l .  

By t h e  l a t e  1990s, t h e  l a r g e s t  u s e  o f  E a r t h - t o - o r b - i t  t r a n s p o r t a t i o n  
s e r v i c e s  w i l l  be t o  p rov j de  f u e l  f o r  o r b i t  t r a n s f e r s .  Reducing o r  e l i m i n a t i n g  
t h a t  use would rediice t h e  cos t  o f  space opera t ions  s i g n i f i c a n t l y .  Therefore,  
a  p r o p u l s i o n  system wi  11 be sought t h a t  uses an ex te rna l  , renewable energy 
source i ns tead  o f  chemical reac t ions .  Such a  system would use s o l a r  energy 
e i t h e r  d i r e c t l y  o r  t o  produce e l e c t r i c i t y  t o  d r i v e  a  moderate t h r u s t  p ropu l -  
s i on  system, Technology i s  needed f o r  p ropu l s i on  system concepts and t h e  
energy source. 

4, H i  gh-Capaci t y  E l e c t r i c a l  Power Generat ion,  Storage, and D i  s t r i  b u t i  on 
Systems 

Cu r ren t  power systems f o r  spacec ra f t  have power-to-mass r a t i o s  o f  about 5 
wabts  per  k i lograrn and cos t  about $1,500 per  wat t .  However, a  p o t e n t i a l  
e x i s t s  f o r  i n c r e a s j n g  power p roduc t i on  w h i l e  reduc ing  syste :  , c o s t  and weight  
by t h e  l a t e  1980s. Research on pho tovo l t a f  c  s o l a r  c e l l s  emphasizes those 
improvements, and t h e  s o l a r  c e l l  a r r a y  i n  development f o r  use i n  a  s o l a r  
e l e c t r i c  p ropu l s i on  system i s  expected t o  demonstrate a  power-to-mass r a t i o  o f  
66 w a t t s  per k i logram.  The goal f o r  t h a t  r a d i o  by t h e  end o f  t h e  decade i s  
300 w a t t s  per k i l  ograrn f o r  a  high-performance s l l  i c o n  a r ray .  Techniques w i l l  
be e x p l o r e d  f o r  reducing costs  and deployed a r r a y  area by improv ing  concentra- 
t o r  effi,.:lency. Fundamental research  i n t o  thermal - t o - e l e c t r i  c  convers ion i n  
n u c l e a r  r e a c t o r  s y s t e ~ ~ ~ s  and so l  a r  thermal  concen t ra to rs  1 s focused on develop- 
ment o f  t h e r m o e l e c t r i c  rnateri a l  s hav ing  h igher  c o n v ~ r s i  on e f f i c i e n c i e s  and 
a b l e  t o  o p e r a t e  a t  h i g h e r  t e m p e r a t u r e s .  The D e o a r t n e n t  o f  De fense ,  t h e  
Department o f  Energy, and NASA a r e  conduct ing a j o J n t  program t o  develop 



tochnologjcs needed for  demonstrat ing i n  the 1990s a nuclear  reac tor  power 
subsystem I n  t h e  1 0 0 - k i l o w a t t  class  and f o r  p r o v i d i n g  i n s i g h t s  i n t o  t h e  
techno1 ogies necessary f o r  1 arger  nuclear power systems, 

Energy s t o r a g e  systemJ o f t e n  ara a domlnant fac tor  i n  t h e  weight, r o l i a -  
bi 1 i t y ,  and ;ength aF li f~ 7 f  high-cnpacl t, space power systems, Technology 
should be developed f o r  systems based on n i  cIw1 and hydrogen e l  ectrochemi s t f y  
and f o r  f u e l  c e l l  e l e c t r o l y z e r  systerns so t h a t  o r b i t a l  systems ab le  t o  s to re  
hundreds o f  k i l o w a t t s  o f  erlcrgy can be developed by the  l a t e  1980s. 

Also essen t i a l  f s a capability f o r  c o n t r o l l i n g  the  generat ion and d l s t r i -  
bu t i on  o f  energy t o  a c h i ~ v e  e f f i c i e n t ,  envi ronmental ly  cornpatlble operat ion o f  
h i  gh-power , h i  gh-vol tage space systems. Techno1 ogy advances w i l l  be needed i n  
e l e c t r o n i c  co~nponents, heat p ipss  , rad ia to rs ,  r o t a r y  j o i  n l s ,  transmi ssfon 
l i n e s ,  and con t ro l s .  

5, Sate1 1 i t e  Communi cat1 ons 

Research and developm~nc f o r  communications 'iysterns are centered on compo- 
nents and technology t o  ensure U.S. preemi nence i n  sate1 1  i t e  communf cat4 ons 
and data t rans fe r .  The purpose o f  work c u r r e n t l y  under way i s  t o  Improve 
e lec t ron  beam ampl i f j e r s ,  sol  i d - s t a t e  devices, and antennas. The r e s u l t s  w i  11 
be app l ied  t o  communications sate1 1  i tes, i n t e r s a t e l  1 i t e  1 i n k s ,  deep-space 
exp lo ra t i on  systems, and terrestrial ternrinal s.  

The work on e lec t ron  beam amp l i f i e r s  seeks t o  reduce the  weight and cost  
o f  microwave power anrpl 1 f i e r s  and l o  i n c r e a s e  t h e i  r o p e r a t i n g  1 i fet ime,  
e f f i c i e n c y ,  an3 l i n e a r i t y  through research on mu l t i s tage  depressed c o l l e c t o r s ,  
t h e  surface physics o f  cathodes, and novel slow-wave c i r c u i t s  such as those 
known as the  tunneladder and the dyna~ l~ i c  v e l o c i t y  taper.  An engineer ing model 
o f  a  t u n n e l a d d e r  t r a v e l i n g  wave t u b e  i s  t o  be comple ted  i n  1985, and an 
experimental 60-GHz coupled-cavity t r a v e l i n g  wave tube f o r  use as a  spaceborne 
amp1 i f i e r  f o r  i n t e r s a t e l l  i t e  comrnuni c a t i  ons i s  scheduled f o r  completion i n  
1986. 

Research In sol f  d s t a t e  devices i s  concentrated on development o f  monol i- 
: Q i c  microwave i n ieg ra ted  c i r c u i t s ,  ga l l i um arsenide f i e l d  e f f e c t  t rans i s to rs ,  
IMPATT (Impact avalanche t r a n s i t  t i m e )  diodes, semiconductor 1  asers, rece ivers  
w i t h  high s igna l  t o  noise r a t i e s ,  and passive devices. The r e s u l t  expected is 
development by 1985 o f  an X-band s o l i d - s t a t e  transponder f o r  use i n  deep 
space, a 20-GHz monol i t h l c  microwave i n teg ra ted  c i r c u i t  ampl i f i e r  by 1987, and 
a s o l i d  s t a t e  l a s e r  w i t h  a power output  o f  more than 200 megawatts by 1988, 

Antenna resesrch w i  11 be d i  rec ted  toward development o f  antennas er~iployi ng 
m u l t i p l e  scantled beams t o  t r a n s f e r  data between o r b l t i r i g  veh ic les  and t o  r e l a y  
pof n t - t o -po in t  comrnunicaticsns; mu1 t i p l e - u s e  anternas f o r  spdcecraft  ; large 
antennas f o r  t e r r e s t r i a l  and a i rbo rne  mobi le communications; computer modeling 
techniques f o r  antenna s t ruc tu res  ; and antenna t e s t i n g  f a c i  1 i ti es. Important 
mi lestones i n  t h i s  program w i l l  be the  t e s t i n g  o f  a 15-meter diameter antenna 
i n  1984, compl&fon o f  a study o f  m u l t i p l e  use antennas i n  1987, and s t a r t  o f  
operat ions o f  the Antenna Technology Laboratory i n  1988. 



6. Large Antenna Syst% 

T h i s  objective I s  concerned w i t h  d e v e l ~ p i n g  a cclnprehensive a b i l i t y  t o  
analyze antennas and wf  t h  develop-i ng and t e s t i n g  large-aperture mesh re f1  ec- 
t o r s  and E r ray  assembl l e s  h a v i n g  nlul t i p l e - b e a m  feeds t h a t  c o u l d  p r o v i d e  
cont iguous spot coverage o f  1 arge gcographlcal areas, A 1 arge antenna system 
i n  g e o s t a t i ~ r ~ a r y  orb1 t would prav idu  mob? le communications se rv j ce  f o r  a very 
l a r g e  area on Ea r th ' s  surface, such a s  that o f  t h e  cont inenta l  U ~ l t e d  States. 
It would provide transmtssion ;nd recept ior l  se rv i ce  f o r  r u r a l  and remote 
regions and thus ccmplernent the t e r r e s  trf a1 rommuni c a l f  on networks serving 
metropol i tan centers. 

Research i s  needed I n  antenna s t ruc tu res  packaging, m i  n l  mum s l  zes f o r  
s t r u c t u r a l  ~nembers, and methods f o r  deploy ing and assembling l a r g e  antennas. 
Exper imen ta l  i d e n t i  f i c a t l o c  i n  o r b i t  o f  t h e  dynamtc parameters  o f  l a r g e  
antenna st.ructures and co r re l  at4 on o f  t he  resu l  t i  ng experimental data w l  t h  
a n a l y t i c a l  p red i c t i ons  w i l l  be requ i red  so t h a t  a c a p a b i l i t y  can be developed 
f o r  c o n t r o l l i n g  the  geometry o f  the antenna's sur face and feed. A s t ruc tures  
and c o n t r o l s  expe r imen t  w i l l  be conducted i n  space I n  1989 t o  v e r i f y  
techno l  ogy developed f o r  appl 1 ca t i on  iu 1 arge antenna systems. 

7 ,  &ace Teleaperat i  on, Robot i c s  , and Autonomous Systems - 
T e l  eoperator and autonomous space systems w i  11 i ncrrase c u r r e n t  capabi 1 i - 

t i e s  f o r  conducti .ig unmanned science experiments i n  space, p rov id ing  autono- 
mous operat ion sF systems and devices on t h e  Spcza Shu t t l e  and space s ta t i on ,  
and reducing dependence on ground-based operat I ons personnel . Thus, t he  
purpose o f  the Space Technology program's work on autonomous systems js t o  
develop and apply a r t f  f i c i a l  i n t e l l  igencc t o  t h e  planning, moni tor ing,  con- 
t r o l l  ing ,  and diagnosing o f  subsystem operation:; and the  purpose of i t s  
t e l  eoperat'icrn arid r u b o t i  cs work i s  t o  prov ide technol ogy f o r  remote se rv i c f  ng, 
assembly, and re1 a ted  manipulat ive t a s k s  f o r  ma-i n t a i  n ing  and opera t ing  space 
systems. The technology data base w i l l  be va l i da ted  thraupb p i l o t  experiments 
demonstrating progress ive ly  increas ing  l e v e l s  o f  automation and autonomy of 
remote sy.stems. Success w i  11 f r e e  personnel t o  concent r a t e  l ncreasingly  on 
superv i  sory and o ther  I n t e l  1 k c t u a l  tasks t o  increase the capab-i 1 i t y  , 
e f  f i c f e n c y ,  and economy o f  the t o t a l  human-machine system. 

8. Space Informat i  on Management Sy s.te~ns 

The purposes of t h i s  object! ve a r e  t o  develop techno1og;es t o  reduce the 
cost  o f  de r i v i ng  in fo rmat ion  from manned and unmairned space lnissions and t o  
increase the capabi 1 l t i  es o f  space-based and ground-based d , ~ t a  systems. The 
r e s u l t i n g  space 4 nforrnation systems w i l l  provide more e f f i c i e n t  and e f f e c t i v e  
t r a n s f e r  o f  data from sensors to users  v i a  i n t e l l 1  gect , autono~~ious systems. 
The approach t o  t h i  s o b j e c t i  ve i nc l  udes devel opment ~f high-speed, wide-band 
o p t i c a l  networks; adapt ive network n o d s ;  r a d i a t i o n  hardmed, very h igh  speed, 
i n t e g r a t e d  c i  r c u i t  processors; o p t i c a l  -ass s t o r a g ~  systems ; and nonvol a t 1  1 e 
memory systems f o r  spaceborne a p p l i c ~ ~ i  IS. R e l a t e d  tochnolory needs t o  be 
developed fo r  o p t i c a l  in format ion processors, image-based symbolic protessors 
f o r  spaceborne systems, data base management systems, and archi t ec tu rzs  f o r  
processS ng systems. 



9, - Cornputor Science f o r  Aerospace Appl i c a t f  -,- ons 

Thi s techn ica l  o b j e c l i  ve seeks t o  understand the p r i  n c l  p l  es under1 y i  ng 
aerospace computi ng and the  re1 a t ionsh ips  and I r a d e o f f s  between a1 go r l  ttirns and 
computing arch i tec tures .  I t  a1 so seeks t o  apply t h a t  understanding t o  improve 
computatl ortal concepts and system arch l  t ec tu res .  It supports systems re1 i a-  
b i  1 i ty  and performance, software development, and In fo rma t l  on managenlent, Its 
r e s u l t s  w f  11 be appl i ed t o  computational modeling o f  physi ca l  processes, 
f l  i ght systems t h a t  are c r u c i  a1 t o  mission sa fe ty ,  and autonomous systems . 
Research i s  i n  process on h i g h l y  r e l i a b l e ,  c o s t - e f f e c t f v e  computing t h a t  w i l l  
make p o s s i b l e  t h e  c o n s t r u c t i o n  o f  advanced systems f o r  man-rated f l l g h t  
vehic les and 1 ong-durat-l on, unattended space mi sciians. The research a1 so 
1 nc l  udes i nves t i  y a t i  on o f  f a u l t  t o l e r a n t  hardware a rch l  tec tures  aad cos t -  
e f  f e c t l  ve t o o l  s and tcchni  ques f o r  dev r l  op i  ng v e r i  f i  ably  co r rec t  software, 

NASA c u r r e n t l y  I s  rece i v ing  from space approximately ten b i  1 l i o n  words o f  
s c i e n t i f i c  data  per day, w i t h  expecta t i  o ~ s  o f  a hundred-fol d Increase over t he  
next  decade, The abl l i t y  t o  manaye and d l  s t r  i b u t e  such l a r g e  volunies o f  data 
t o  the  s c i e n t i f f c  community must be developed. A technique t h a t  may help 
pr*ovide t h a t  a b i l i t y  i s  concurrsr l t  processing. Research on i t  i s  i n  process 
t o  develop system arch l  t ec tu res  and a1 gor i  thms f o r  computati onal l y  I ntensl  ve 
problems i n  aerospace research such as those i n  compu~at ' l  onal f l u i d  dynamics 
and i mage processing, The rosearch inc ludes  and lyy is  o f  h i g h l y  para1 1 el , 
s l n g l e  I n s t r u c t i o n ,  mu1 t i p l e  data stream, computer a rch i tec tu res  f o r  problems 
t h a t  can be v e c t o r e d  and anal  v c i s  o f  more complex, but more p r o m i s i n g ,  
mu1 t i p l e  i n s t r u c t i o n ,  n ~ u l t i p l e  d a t d ,  and data f low arch i tec tures ,  

10. Com u t a t i o n a l  Aerothermodynamic Techni ques f o r  Entry Bod1 es and Rocket dries 
Dever opment o f  design op t im i  za t i on  concepts f o r  aerospace veh ic le  systems 

requ i res  an understanding o f  f l u i d  f low and thermal physics. The fo l l ow ing  
major capabi 1 i t i e s  w i l l  be sought: techniques f o r  p r e d i c t i n g  t h e  r a d i a t i v e  
and convect ive heat1 ng ra tes  o f  orb1 t a l  t r a n s f e r  vehic les us lng  aero-assi s led 
brak ing  and o f  o ther  f l i g h t  veh i c les  dur ing f l i g h t  i n  the  atmosphere, methods 
f o r  est fmat ing aerodynamic fo rces  ac t ing  on bodies w i t h  a v a r i e t y  o f  shapes 
and con t ro l  surfaces durfng e n t r y  i n t o  t h e  atliiospheres o f  Ear th and o ther  
p l a n e t s ,  improved f a c :  1 l t i  es f o r  v e r i  f y l  ng  c o m p u t a t i o n a l  methods, and a 
complete and v e r i f i e d  theory f o r  f l ow  cond i t f  ons i n  the  r a r e f l e d  atmosphere a t  
low o r b i t  a l t i t u d e s  and i n  spacecraf t  j e t  plumes, Development and v a l i d a t i o n  
o f  computatioi?al f l u i d  dynamf cs techniques w i  11 prov jde Inore accurate pred ic -  
t i o n s  o f  f low phenomena and veh ic le  responses too  complex t o  be simulated i n  
wind tunnel s and o ther  ground f a c i l  i t i e s .  Condl t-ions encountered du r ing  
ascent t o  o r b i t ,  i n  low Earth o r b i t ,  and du r ing  reent ry  w l l l  rece ive  specia l  
a t t en t i on .  Va l i da t i on  w i  l l  be accomplished I n  e x i s t i n g  and new t e s t  and 
s imu la t ion  f a c i  l i t i e s  on the  ground and, i nc reas ing l y ,  i n  f l  I g h t  research 
veh ic les  and wf t h  research q u a l i t y  dnslrumentat ion i n  the  Space Shut t le .  

Human Capabi 1 i t  i es  i n  Space 

The Space Shu t t l e  provldes frequent oppor tun i t i es  f o r  ? l  y i  ng expert ments 
i n  space, and the  space s t a t i o n  w l l l  add a c a p a b i l i t y  fo r  extenried dura t ion  
missions. Together, they w i l l  r e q u i r e  a wide v a r i e t y  o f  i n t r a v e h i c u l a r  and 
extravehf cu l  a r  a c t i  v i  t i  es f o r  deployment, cons t ruc t ion  and assembly, m a i n u -  



nance ,  s a t e l  I f  t e  and v e h i c l e  s c r v l c f  ng, t n d  o t h e r  t a s k s .  Au ton ia t i on  o f  
o p c r a t l o n s  and systcni itutononw w l l l  need t o  I ncreaso c o n t l  nuous ly  t o  reduce 
the cos t s  and comp lax i t y  o f  g r o u ~ i d  suppor t ,  l eng thcn  systcm l i f c t i m c s ,  and 
enhance system v e r s a t i  11 t j *  A1 s o ,  techno1 og ios  r e l a t e d  t o  human-machl ne 
i n t s r a c t l o n s  and t o  l f  f e  suppor t  f o r  l ong -du ra t l on  ope ra t i ons  w l l l  have t o  be 
advanced t o  suppor t  and o x p l o l t  f u l l y  t h e  c a p a b i l i t i e s  o f  humans i n  space* 

An unders tanding o f  human c a p a b l l i t i c s  and technology t o  enhance them a re  
needed I n  f ou r  areas: supe rv i s i on  and management; o f  automated subsystems t o  
ensure opt imal performance o f  the t o t a l  system, i n c l  ud ing  op t ima l  dS vJ s i o n  o f  
f u n c t i  uns betwcen humans and machines ; t e l  e o p e r a t i  on of remote systems from 
s p ~ c e c r a f t  and Earth-based work s t a t 1  ons, e v o l v i n g  toward t c l  epresence (remote 
ope ra t i ons  w l  t h  pe rcep t i on  and d e x t e r i t y )  ; e x t r ~ v e h l c u l  a r  a c t i v i t y  d u r i n g  
c o n s t r u c t i o n  and o t h e r  long-dura t ion  opera t ions ,  i n c l u d i n g  t r a d e - o f f s  between 
e x t r a v e h i c u l a r  ac t i  v l  t y  and t e l  eope ra t i  ons ; and performance and phys i ca l  and 
p s y c ~ ~ o l o g l c a l  we1 1 -boi  ng o f  humans per fo rming  r e p e t i t i v e  t asks  .In corlf i ncd 
spaces i n  a h o s t i l e  environment, 

The alms o f  human f a c t o r s  research are des ign  crf t e r i a  f o r  a l l o c a t i n g  
f u n c t i o n s  between humans and automated systems ; e l e c t r o n i c  d i s p l a y s  and l nput 
d e v i  ces i n  crew s t a t i o n s - - t o  i nc rease  re1  i a b i  li ty  and ope ra t i ona l  capabi 1 f ty, 
decrease c o s t  and weight,  and p rov i de  i n t e r f a c e s  f o r  automated and autonomous 
systems; work s lat- lons-- to p rov i de  ground c o r ~ t r o l  o f  autono~nous manned and 
unmanned spacecra f t  ; human-tel eopera to r  I n te r f aces - - t o  i ncrease ope ra t i ona l  
c a p a b i l i t i e s  and reduce  t h e  c o s t  o f  I n - o r b l t  assembly ,  ma in tenance ,  and 
r e p a i r ;  t o o l s  and dev icos- - to  inc rease  t h e  ope ra t i ona l  c a p a b t l i t y  o f  a s t r o -  
n a u t s  working i n  space s u i t s ;  and habi t a b i l  I t y - t o  Improve v l  b roacous t i cs ,  
food technology, and crew quar te rs .  F l i g h t  exper iments w i l l  be conducted t o  
he1 p e s t d b l i  sh those  design c r i t e r i a ,  

12. Advanced Sensor Concepts 

The sensor program prlovi des techno1 ogy i n  1 asers  , m I  crowave tubes, and 
i n f r a r e d  de tec to r s  f o r  pass ive and a c t i  vc sens ing o f  t e r r e s t r i a l ,  p lane ta ry ,  
and g a l a c t i c  env i  ronments. The research i n v o l v e d  has genera l  appl 1 cab1 I i ty  i n  
ser:sing techno;ogy and i s  used i n  N A S A ' s  E a r t h  and p l a n e t a r y  programs and i n  
programs conducted by t h e  Department o f  Defense and commercl a1 sate1 1  I t e  
o p e r a t o r s ,  

Techno;ar;y 1 5  under developmerlt f o r  11 near, i n f r a r e d ,  and x- ray de tec to r s  ; 
I arge s i  1 icoi: charge coup1 ed dev ice a r rays ;  broad-band r a d I  ometers ; s y n t h e t i c  
a p e r t u r e  radars;  so l  i d  s t a t e  l a s e r s ;  i n f r a r e d  and u l t r a v i o l e t  l i g h t  d e t e c t i o n  
and ranv ing  systems ; and cryogenic  coo le rs .  I n f  r a r c d  d e t e c t o r s  and cryogenic  
c o o l e r s  w l l l  be used I n  t h e  Shuttle I n f r a r e d  Telescope F a c i l i t y  and t h e  Large 
Deployable  Ref1 e c t o r .  Syn the t i c  ape r t u re  r ada r  technology w i  11 he i ncorpa- 
r a t e d  i n t o  t h e  S h u t t l e  Imdging Radar-D, and s o l i d  s t a t e  l a s e r s  w i l l  serve as 
sensors  f a r  space s t a t i  on 1  i gh t  d r t e c t i  on and rang i  ng measurements. The s o l  i d  
s ta te  1  aser and s y n t h e t i c  ape r t u re  radar  programs a re  conductect I n  coopera t i  on 
w i t h  t h e  Department of Defense. 

13. D l  s t  r i  buted , Adapt i  ve Con t ro l  s f o r  Large Space Systems 

As space s t r u c t u r e s  become l a r g e r  and more f l e x i b l e ,  t h e y  w i l l  have t o  be 
equipped w i t h  d l  s t r i  buted, a d a p t i v e  c o n t r o l  s t o  mai n t a i  n  t h e  s t r u c t u r e s '  



d e s i r e d  con f igura f  ; L P  and stab11 l t y ,  Modular s t r u c t u r e s  incorporating dccon- 
t r a l l z e d  c o n t r o l  may be used  t o  p e r m i t  a d a p t a t i o n  d u r i n g  o p e r a t t o n  and 
I ncrenonta l  mod4 f i c a t l  on as tho  s t r u c t u r e s  grow. 

A lgo r i t hn~s  w i l l  be r equ i red  f o r  ana l yz i ng  d ls t ; r lbutad c o n t r o l s  f o r  a c t i v e  
v i b r a t i o n  damp1 119, c o n t r o l  d u r i n g  deployment, and a t t i  tuda c o n t r o l  . Various 
t ypes  o f  adapt: $t3 c o n t r o l s  w i  11 be cva lua t cd  f o v  t h e i r  ilk1 11 t y  t o  compensate 
f o r  l a rge  charges .I the  i n e r t i a  o f  s t r u c t u r e s  du r i ng  deployment I n  space and 
f o r  mode and fpequoncy changes caused by s t r u c t u r a l  1 n t e r a c t l  ons. Onboard, 
r e a l  tlme, a d a p t i  vc c o n t r o l  s wi 11 rcq t t i  r e  numerl cal procedures, cornpati b l o  
w i t h  tho  s t r u c t u r e ' s  adapt ive c o n t r o l  a lgor i thms,  f o r  ana lyz ing  memory, s ize,  
and  t i m i n g *  The d a t a  base  f o r  t h e  t e c h n o l o g y  o f  d i s t r i b u t e d ,  a d a p t i v e  
c o n t r o l s  must p rov ide  h i gh  t o l e rance  t o  u n c c r t a i n t i e s  and t o  f a i l u r e s  o f  t ho  
many components d l  s t r i  outed throughout 1  arge space sys tctns . 

Current Program, New D i  r ec t i ons ,  and Program Emphasis 

The r e s e a r c h  and t e c h n o l o g y  deve lopment  p rogram L o  s a t l s f y  t h o s e  1 3  
technology o b j e c t i v e s  consi  s t s  of work I n  7 discipline and 3 system areas, 
I n  add i t i on ,  t h e m  1 2  a spacecra f t  systems technology element t h a t  inc ludes  
space f l i g h t  experfments, The program's s t r u c t u r e  i s  shown i n  Table V I I - 1 .  

1. D f  s c i p l  i n e  Area, - 
o F l u i d  dnd thermal p t~ys lcs- -anal  y t l  c a l  and p r e d i c t i v e  techniques f o r  t he  

contlnuutn and r a r e f i e d  f l ow  regimes, w i t h  emphasis on transatmospheric 
f l  f g h t  

o  Materials and s t ructures--concepts  f o r  large-area s t r uc tu res ,  e f f e c t s  
o f  t h e  space envi  ronment on ma te r i  a1 s, thermal p r a t e c t i  on rnater i  a1 s, 
h o t  s t r u c t u r e s ,  thermal - s t r uc tu r " s  ana lys is ,  techno1 ogy f o r  gener ic  
mechani srns , and t h e  combined e f f e c t s  o f  s t r u c t u r a l  dynarnl c s  and 
c o n t r o l s  

o  Computer science and e lect rc+, !cr~--concurrent  process ing and o p t i c s  
research 

o  Space energy conversion--hl  gh-capaci t y  power and thermal systems f o r  
t h e  space  s l a t i o n ,  systems wlth h i g h  s p e c i f i c  power and low weight  f o r  
geosynchronous o r b i t  and p lane ta ry  m l  s s i  ons , e1r:ctr7c propul  s i  on f a r  
aux3 1  i a r y  propul  s i on  app l i ca t i ons ,  and thermal - t o - e l e c t r i c  energy 
convers ion  f o r  the  100-ki l o w a t t  c l a s s  nuc lear  r eac to r  power subsystem 
program mentioned i n  paragraph 0.4 above 

o Cont ro ls  and human f a c t o r s :  

- Contra1 s-- lar?z, p r e c i s e l y  c o n t r o l  l e d  s t r u c t u r e s ;  i n t e g r a t i o n  o f  
a t t i t u d e  c o n t r o l  and energy s torage f unc t i ons  I n  f l ywhee ls ;  and 
p r e c i  se p o i n t i n g  o f  1 arge spacecra f t  

- Human factors--enhancement of as t ronau t  productivity through 
improved l nformatf  on management technf ques, ext ravehf  c u l  a r  work 
stati ons, and te lepresence capabi 1 i l y  



TABLE V X I - 1 ,  WORK BREAKDOWN STRUCTURE OF SPACE 
RESEARCH AND TECHNOLOGY DEVELOPMENT PROGRAMS 

F l u t d  and Thermal Physics R&T 
L.- 

Aero thern~odyna~rl cs 
Acrothermal Loads 
Thermo-Gasdynan~ic Facl 1 i ty  Operatl ons 

Materi a1 a arid .-& S t ructures R&T 

Propul s i  on 
Materf a1 s Science 
Space-Durabl a Mater i  a1 s 
Propul s f  on 
Advanced Thermal Protect 1 on Systems 
Advanced Space Structures 
Analys is  and Synthesf s 

Computer Science and E lec t ron i cs  H&T - 
E l  ec t ron i  cs 
Sensor Systems 
Computer Scl  ence 
Automation 

Space Energy Cunversfan R&T 

E l e c t r i c  Propul s i  on Tecla.nol ogy 
Photovol ta i  c Energy Conversion 
Chemical Enerbgy Conversi 00 and Storage 
Thermal 4 0 - E l  e c t r i  c Conversf on 
Power Sistems Management and 

D l  s t r i  b u t i  on 
Thermal Management 

Cont ro ls  and Human Factors R&T 

\>ace Data  and Connnunfcatlons R&T 

Data Systems 
Conrmunl ca t {  ons Systems 

Cherci cal Propul s f  on R&T 

Advanced Ear th - to  Orbl t 

Advanced Onboard Propul s l  on 
Advanced Orb1 t a l  Transfer 

Spacecraft Systems R&T 

!;y stems Analysi  s 
Spacecraft Techno1 ogy Experiments 

Transportat i on  Systelns R&T 

Systems Analysi  s 
Orbi t e r  Expcsrime~~ts Progra): 

Platform Systerns R&T 

Systems Analysf s 
Operat ions 
Crew and Life Support 

3 a c e c r a f t  Systems Technol ogy 

Space F l l  ght Experi rnents 
Long-Durat i on Exposure Fact 1 i t y  
I on  Auxi l i ary Propul  s i  on Systdms 

Control Theory and Anaiysl s 
Human Factors 
Advanced Control s a t~d  Gul d a n c ~  Concepts 



o Space da ta  and communi cations--space I n f o r m a t i o ~ i  systems, automation, 
r obo t1  cs, and o p t l c a l  data systems 

o Chcml ca l  propul  s i  on--1 1 fe and performance o f  t h e  Space Shuttle's mat n 
e n y l  na and o t h e r  high-pressure engine systems; space-based, t h r o t t t e -  
a b l e ,  and r e u s a b l e  o r b l t a l  t r a n s f a r  eng lnes ;  and gaseous oxygen-  
hydrogen auxi 1 i a r y  propul  s i on  systems, 

2. Systems Areas 

o Spacecraf t  systems-Earth orb1 ti ng and p lane ta ry  spacecraft ,  camnluni ca- 
t i  ons techno1 ogy, and sensor systems, Sate1 1 i t e  conmuni ca t i ons  
research and technology development I s  I n  t he  K band through t h e  
100-GHz range. Sensor tecl lnol  ogy work focuses on 1 h e r ,  e l e c t  ro-opt1 c, 
and microwave dov i  ces and techn l  ques , 

o T ranspo r ta t i on  sysf ems--Earth-to-orb1 t t r a n s p o r t a t i o n  systems, I n c l  ud- 
ing o r b i t a l  t r a n s f e r  systems and improvement o f  t h e  Space Shu t t l e .  For 
orb1 t a l  t r a n s f e r  systemf,, consf d e r a t i  on I s  be1 ng g iven  t o  
aeromaneuvering, space-bas ,ng, rna ln ta fnab i l  i t y ,  ope ra t i ona l  f l e x i  b i l  1- 
ty ,  and man-rating. 

o P l  a t f o r m  systems--archi t ec tu res  f o r  d l  s t r i  buted da ta  systems, automated 
and t ~ l e o p e r a t e d  systems, 11 f e  support  systems, and o p e r a t i  anal e x t r a -  
veh isu l  a r  ac t1  v l  t i  es. 

3. Newly Snl t i a t e d  P r o g r ? ~  

S i n c e  publication o f  NASA's FY 1984 through FY 1988 program p lan,  t h e  
Space Techno1 ogy progFam has i n l  t f ated  t h e  programs descr ibed  i n  t h e  
paragraphs t h a t  fo l low.  

Space F l i g h t  Experiments 

The o b j e c t i v e  o f  space f l i g h t  exper iments i s  t o  p rov ide  t h e  Nat ion  
w i t h  t h e  a b i l i t y  t o  conduc t  i n  space r e s e a r c h  t h a t  e i t h e r  canno t  be 
conducted adequately on Ear th  o r  can be conducted more e f f e c t i v e l y  i n  
space ,  The S h u t t l e  system, i n c l u d i n g  Spacelab,  i s  a c o s t - e f f e c t i v e  
l a b o r a t o r y  f o r  research and technology exper imenta t ion  t h a t  extends t h e  
Na t i on ' s  l abo ra to r y  base from ground t o  space. The space s t a t i o n  w l l l  add 
a capabi  11 ty f o r  conduc t ing  1 ong-durat i on experiments. S h u t t l e  exper i  - 
~nents  a l ready  have demonstrated the advantages o f  research i n  space t o  
v e r i f y  and augment r e s u l t s  f r om t e s t s  a l L u  a n a l y s e s  conduc ted  on t h e  
ground,  The r e s u l t s  o f  t he  Shu t t l e  expe r l l ~e l  t s  a l s o  w i l l  b e n e f i t  f u t u re  
space miss ions  by reduc ing  the  u n r e r t a i n t i e s  drid r i s k s  o f  a c t i v i t y  i n  t h e  
space env i  ronment. The space f l i g h t  experiments have been l i m i t e d  t o  
d i s c i p l i n e  technology experiments and t h e  O r b i t e r  Experiments program, 
However, t h r e e  major  research areas w i l l  be added i n  FY 1985: l a r g e  
s t r u c t u r e s  and the1 r c o n t r o l  s , management o f  cryogeni c f l  l!i ds , and power 
and thermal systems. 

Experiments i n  the s t ruc tu res -con t ro l  area w i l l  v a l i d a t e  c r i t i c a l  
,techno1 ogt es For t h e  des i  gn, ana l ys i  s , t e s t ,  and f u n c t i o n a l  o p e r a t i  on o f  
1 arge space s t r u c t u r e s  requ i  r i n g  d i  s t r i  buted c o n t r o l  s.  F i  r s t  f l i g h t  u f  an 



a x p c r l m r n t  i s  planned f o r  1988 t o  l d e n t l f y  the s t r u c t u r a l  dynamics o f  a 
l arge ,  f l e x 1  b l e  s t ruc ture .  Cryogenl c f 1  u i d  management experlmrrnts w l  11 
p r o v i d ~  cnabl i n g  technology f o r  in-orb1 t supply and resupply o f  cryogcnl cs 
t o  spacecraft  and space p la t fo rms and f o r  i n - o r b l t  r e f u e l f  ng o f  o r b i t a l  
t r a n s F e r  vehic les,  A m u l t i p l e  f l i g h t  program 1 s  planned, w i t h  the  f i r s t  
f 1  i g h t  in 1988, A power and thermal system experiment w i  11 devcl op space 
power systems t h a t  generate several hundreds o f  k l  l owat ts ,  Small -scale 
expcrlments t o  verify the technology and prov ide understanding o f  the  
physlcal  phcnornena invo lved are planned t o  s t a r t  i n  1985, and f u l l - s c a l e  
f l i g h t  experiments are planned t o  s t a r t  i n  1987, 

Space Shrrt t le Maln Engine Tu;t-Bed Engine 

The Space S h u t t l e  main eng lne  techno logy  program i s  p a r t  o f  t he  
advanced Ear th - to -o rb l t  p r o p ~ ~ l s i o n  system program, Its o b j e c t i v e  I s  t o  
p r o v l  de a techno1 ogy base f o r  longer 11 fe, h igher  performance, reusable 
rocket  engines acid t o  improve the performance and extend the operat ional  
l i f e  of  the  Space Shu t t l e  main engine, I t s  ajms are t o  develop ana ly t i ca l  
models t h a t  de f i ne  the dynamic environment o f  the engine and p r e d l c t  the  
englne 's  opera t ing  1  i fet ime ; t o  develop and t e s t  concepts f o r  hardware; 
and t o  develop ins t run~ents  t o  measure the engine's env1 ronment , val  i d a t c  
models f o r  s imu la t ing  t h a t  environment, ar~d diagnose t h e  performance o f  
t h e  engSine dur ing  operat l  on. 

The Space Shu t t l e  main engine test-bed engine w i l l  p rov jde the  means 
f o r  system-1 eve1 t e s t i  ng t o  ensure t h a t  advanced technology hardware f o r  
t h e  Space S h u t t l e  main eng ine  pe r fo rms  as i n t e n d e d  and i s  ready f o r  
:ransfer t o  a  development program, It a1 so w i  11 val l date inst rumentat ion 
and provlde data f o r  use i n  v a l i d a t i n g  a n a l y t i c a l  models. I t  w i l l  be 
assembled and operated by the O f f i c e  o f  Space F l i g h t .  As concepts mature 
under the Space Shut t le  maln engine technology program, they w i  11 be 
tes ted  Sn the  test-bed engiile, ensur ing evo lu t i on  o f  t h e  Space Shu t t l e  
ma3n engine and, 1  a ter ,  dev~~opnienf :  u f  ' dvanced reusable engines, 

c .  Sbace S t a t i o n  

ThSs program's ob jec t i ve  i s  t o  prov ide technology a t  both the  system 
l e v e l  and the  subsystem l e v e l  f o r  development and evo lu t ionary  growth o f  
t he  space s ta t i on .  The configuration o f  the s t a t i o n  must be such t h a t  the  
s t a t i o n  w i  11 satlsfy i t s  immediate n ~ i  ssion and operat ional  requi  rements, 
b u t  i t  a lso  must provide a  fouridatlon f o r  cont inual  increases i n  the  
s ta t i on ' s  capabi 1  f t i e s ,  The fo1 lowing are examples o f  program content: 

o Advanced data systems--to prov ide onboard processing t h a t  w i l l  increase 
automat i on and autonomy 

o  Long-1 i fe,  low-cost photovol t a i c s - - t o  provr de power systems w i t h  
greater  capaci t y  

o Control systems--to main ta in  the  shape and s tab i  I i t y  o f  f l e x i b l e  space 
s t ruc tures  and, 1  ater ,  t o  provide con t ro l  s  f o r  composite vehic les 



o A u x i l i a r y  ptvopulslon systems t h a t  have high s p e c i f i c  impulse and are 
mainta inable and noncontfimtnating--for a t t i t u d e  c o n t r o l  and o r b i t  
ma1 ntenance 

o Fuel c e l l  .Improvement--for more e f f i c i e n t  power storage 

o Storage and t r a n s f e r  o f  cryogens--to support orb1 t a l  t r a n s f e r  veh ic le  
opera t ion  from the space sGation 

o L i  fe  support-- to ma1 n t a i n  humans I n  space, perml t  dai l y  ex t raveh icu l  a r  
a c , t i v i  t y  and i n - o r b i t  servf c i  ng and ma1 ntenance operat ions, and enhance 
human capab i l i  t i e s  i n  space 

o Thermal management-to develop concepts f o r  heat acqu fs i t i on ,  t rans fe r ,  
and r e j e c t 1  on I n two-phase, very h i  gh capaci ty thermal systems. 

d . Computer Science and Techno1 ogy 

The ob jec t i ve  i s  t o  strengthen the  Agency i n  cornputer science through 
research  and experi lnentatfon and t o  i n f u s e  s ta te-o f - the-ar t  computer 
s c i  ence and techno1 ogy i n t o  aerospace appl i c a t i o n s .  The program w i  11 
prov ide theory, concepts, technf ques, and capabi l  i t  i es  f o r  use and 
management o f  ae rospace  i n f o r m a t i o n .  The T o l l  ow4 ng are examples o f  
program content:  

o Mu1 t i p l e  processor computing--to develop computing arch i tec tures ,  
opera t ing  systems, programming languages, and algor4 thms f o r  addressing 
t i  ghtlit-coup1 ed mu1 t i  processors through d i  s t  r i  buted computing systems 

o A r c h i t e c t u r a l  concepts f o r  computers--to i mprove re1 f abf 11 t y  and f a u l t  
t o1  erance 

o t i f e  cyc le  software--to prov ide engineering t o o l  s , technf ques, and 
mudel s for aerospace-re1 ated appl f ca t  i ons 

o Automated planning, dec is ion  making, problem so lv ing ,  knowledge-based 
systems, te leopera t lon ,  and robot ics - - to  expand the  func t i ona l  range 
and c o s t  e f fec t iveness  o f  operat ions fn space, lead ing  u l t i m a t e l y  t o  
autonomous opera t i  ons 

o Spaceborne symbol i c computer--for implementation o f  autonomous systems, 

F. Planned I n i t t a t i v e s  

Space research and technology development programs and systems being 
considered f o r  i n i t i a t i o n  i n  the  FY 1986-FY 1988 p e r i o d  are l i s t e d  below. The 
l l s t  i s  no t  i n  p r i o r l t y  order. 

- O r b i t a l  Transfer Vehicle Technologies 

- Hi gh - t i  f t - to-Drag Vehicle Technologies 



- Spdce Nuclear Power 

- Powcr and Propulsion f o r  tho Spacecraft Bus 

- C o ~ i t r o l  o f  F l e x i b l e  S t ruc turas  

- In-Space Experieznts 

- Research f o r  Autonomous Syste~ns 

- L i q u i d  Oxygen-Hydrocarbon Propul s i  on Technologi es 

- Scf e n t i  f i c Pay1 oad Techno1 ogi  es 

- Large Deployable Ref1 e c t o r  Technol ogi es 

- Free-Flying Experiments Car r ie r .  

FY 1986 I n i t i a t i v e s  

The o r b i t a l  t r a n s f e r  veh ic le  i n i t i a t i v e  w i l l  focus on a l i q u i d  oxygen and 
hydrogen p r o p u l  s i  on system t h a t  can be m a i n t a i n e d  i n  space ; a e r o b r a k i n g  
systems ' aerodynarni cs , aerotherrnodynamlcs, brake s t ruc tu re ,  and thermal 
p r o t e c t i o n  systems; adapt i e  nav iga t ion  and cont ro l  ; a f l  l g h t  experiment t o  
o b t a i n  c r t  t i c a l  d a t a  on a e r o b r a k i n g  system c a p a b l l  i t l e s ;  and f u e l  t a n k s  
capable o f  belng based I n  space and o f  min imiz ing fuel losses. 

The h igh 1 i f t - to -drag veh ic le  i n i  t l a t i v e  w l l l  study t h e  aerodynamics, 
aerothermodynami cs, thermal s t ruc tu re ,  and con t ro l  s o f  such vehi cles. I t  a1 so 
w i l l  p rov ide the  foundation f o r  a f u tu re  i n i t i a t i v e  t o  develop and t e s t  an 
e n t r y  research v e h i c l e  t o  be launched by the  Shu t t l e  t o  v a l i d a t e  en t r y  models 
and t h e  data  they generate. 

The space nuc lear  power i n i t i a t i v e  w i  11 extend the  e x i s t i n g  100-ki 1 owatt 
c l ass  nuclear power system program, which I s  focused on technology v e r i  f i  ca- 
t i on, t o  develop ground demonstrati on u n i t s  for v e r i  f y i  ng system designs and 
f o r  qua1 i f y i  ng I ong-1 i f e  components and subsystems. 

Technologies needed f o r  t h e  next generat ion o f  spacecraf t  w i l l  be 
developed i n  the  spacecraft  bus program, w i t h  emphasis on an i n t e g r a l  power 
and propuls ion system. 

The subject o f  the  cont ro l  o f  f l e x i b l e  s t ruc tures  I n i t i a t i v e  w i l l  be 
techno1 ogl es t o  permi t  accurate po i  n t i  ng , a1 lgnment , and shape cont r o l  o f  
la rge ,  non-ri g$ d, space s t ruc tures ,  

The in-space experiments program w i l l  augment the  FY 1985 i n i t i a t e d  space 
f l i g h t  experl iments i n  s t r u c t u r e s  and t h e i r  c o n t r o l s ,  power and the rma l  
svstems,  and cryogenic f l  u i d  t r a n s f e r  t o  provtde e a r l  i e r  devel o p ~ e n t  o f  those 
technologies than woulc' be poss ih le  under the  cur rent  funding l e v e l .  This  



i n 1  t i a t i v e  also w i l l  pe rm i t  f l i g h t  research t o  be conducted i n  a d d i t i o n a l  
d l  s c i  p l  lne and systo111 techno1 ogy a r e a s  r e q u i  r i r r g  t h e  space c n v i  ronrnent , 
Proposed f l i g h t  exper iments i n c l u d e  t h e  dynamics o f  a f l e x i b l e  r o b o t i c  arm, 
p ropu l s i on  contaminat ion,  and r e f 1  i g h t  o f  t h e  mu1 t i d i  s c i  p l  f ne exper iment 
c a r r l e r ,  the Long Du ra t i on  Exposure F a c i l i t y .  

2, FY 1907 I n i t i a t i v e s  

Space systems must beconla i n c r e a s i n g l y  autonomous because they a re  
becoming f n c r ? a s i n g l y  colnplex and because t h e i r  c o s t  effectiveness needs t o  
I rnproiee, The autonomous systems i n i  t i a t 1  ve w i  11 seek t o  develop techno l  ogy t o  
p rov l ae  t h e  needed increases 1 n autonomy. 

A h i  gh-dens1 t y  ~ r o p u l  s i on  system w i t h  a chamber pressure g r e a t e r  than  
2,000 pounds per square .Ilrch w i l l  be e s s e n t i a l  f o r  Inany space t r a n s p o r t a t i o n  
veh ic les .  Technologies un ique  t o  such a system w i l l  be i n v e s t i g a t e d  f n  t h e  
1 i q u i d  oxygen-hydrocarbon propul  s-Ion i n 1  t i  a t 1  ve. 

Spacec ra f t  must become more capable o f  c a r r y 1  ng 1 arge , heavy, complex 
payloads. Technology t o  p rov i de  t he  needed inc reases  i n  c a p a b i l i t y  w i  11 be 
t h e  sub jec t  o f  t h e  s c i e n t i f i c  payloads i n i t i a t i v e ,  w i t h  spec ia l  a t t e n t i o n  t o  
sensors, o p t i c s ,  and da ta  systems. 

The f arge deployable  r e f l e c t o r  i n i  t i a t i  ve w i l l  seek advances i n  
techno l  og i  es, f j  gure c o n t r o l  , wave-front c o r r e c t i o n  techniques, po i  n k i  ng , and 
v l  b r a t i  on c o n t r o l  f o r  segmented mi r r o r s .  

The f r e e - f l y i n g  exper iments c a r r i e r  i n i  t i  a t i  ve w i l l  p rov i de  a c a p a b i l i t y  
f o r  obl;alning data on t h e  performance o f  m a t e r i a l s ,  components, and subsystems 
i n  o r b i t  f o r  extended per iods .  
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V I  I I ,  AERONAUTICAL RESEARCH AND TECHNOLOGY 

T h i s  long-range p l an  f o r  aeronau t i cs  r csca rch  and technology dsvolopmcnt 
d e s c r i b e s  work  t o  be c o n d u c t e d  by NASA p e r s o n n e l  and t h e i r  acadcmic and 
l n d u s t r l a l  assocmlates, T h o i r  conrbincd c x p e r t i s e  i s  c r i  t f  c a l  t o  NASA's n b i l  i t y  
t o  sat1  s f y  t h e  Nn t l on ' s  needs f o r  ae ronau t i ca l  research and technology dcvo l -  
o  ment. A1 so e r l  t i c a l  i s  NASA's unique ne ronau t l ca l  t e s t  f a c i l i t y  c a p o b j l i t y ,  T R ~  p l a n  enphaslzcs the p reserv  e t  i o n  o f  and c o n t i n u i n g  devclopmunt i n  buth 
areas as rnuch as i t  st resses t h e  alcmonts t h a t  c o n s t l t u t c  t h e  p l a n  . I t se l f ,  I t  
addresses t h r e e  p r i n c i p a l  sub jec ts :  ggvernrnental 01 l e l o s  that; e s t a b l t  sh 
N A S A ' s  r o l e  i n  aeronautics, t h e  goal and o b j e c t i v e s  t 1 a t  gu ldc  N A S A ' s  a c t i o n s  
i n  accordance w l  t h  t h a t  r o l e ,  nnd t h e  elements of NASA's planned aeronau t i ca l  
research and techno1 ogy development program. 

A ,  Governmental Pol l c I e s  Es tab l  i sh lng  NASA's Role 

NASA's r o l e  i n  aeronau t i cs  i s  b r o a d l y  descr ibed  i n  t h e  Na t iona l  
Aeronaut ics  and Space Act o f  1958, as amended, Howev~r ,  i n t e r p r e t a t i o n s  o f  
t h e  A c t ' s  meaning have ranged from l f m i  t i n g  t he  Agency t o  conduct1 ng bas i c  
inhouse research, f o l l o w i n g  t h e  NACA t r a d i t i o n ,  t o  work ing  more c l o s e l y  w l i h  
i ndust ry ,  i n c l  u d l  ng more ex tens i  ve fund1 ng o f  tachnology demonst ra t l  ons. 111 

1982 t h e  O f f l c z  o f  Science and Technology P o l i s y  convened a group o f  sen lo r  
r e p r e s c t l t a t i  ves f rom a1 1 government agencies w i th  respons i  b l l i  t l  es I n  
aerocau t i  cs t o  exam! ne t h e  N a t i o n ' s  ae ronau t i ca l  research  and technology 
deve lopment  p o l i c y  and r e l a t e d  m a t t e r s .  Tha t  e x a m i n a t i o n  c l a r i f i e d  t h e  
p o l  i c y ,  d e l l  neated more c l e a r l y  t h e  l t o l  es o f  the p a r t i c t  pa t1  ng agencies I n  t he  
process o f  techno l  ogy devel  oprnent and appl  1  ca t1  on, and reasser ted  t he  
importance o f  ae ronau t i cs  t o  'the defense and economlc we1 I -bc lng o f  t h e  Un i ted  
S ta tes .  The group recommended; 

o Natyonal goa ls  t h a t  would ensure t i m e l y  p r o v i s i o n  o f  a proven 
technol  ogy base t o  suppor t  development o f  super i  o r  U ,S,  a1 r c r a f t  and o f  
a  s a f e ,  e f f i c i e n t ,  ard env i  ronmenta l l y  compatl b l e  a1 r t r a n s n o r t a t i o n  
system 

o Government support ,  cons1 s t e n t  w i t h  o v e r a l l  n a t i o n a l  p r l  o r i  t i e s  and t h e  
ava i  l a b i  1 i ty  o f  funds, f a r  ae ronau t i  ca l  research  and technol  ogy 
development and f o r  demonst ra t i  on o f  techno l  ogy f o r  m i  1  i t a r y  a i  r c r a f t  

o Cont inued me? ntenance o f  present  organ4 z a t i  ona l  re1 at! onshi ps, i n 
which: 

- The Department o f  Defense (DOD) funds, d l r e c t s ,  and implements 
ae ronau t i  ca'i techno l  ogy development and demonst ra t i  on progranls f o r  
m i l  i t a r y  appl i cat1  ons 

- NASA funds, d l  r e c t  s, and imp1 ement s  aeronau t i  c a l  research and 
techno l  ogy d e ~ d  oprnent and suppor ts  mi 1 i t a r y  aeronau t i  c a l  technol  ogy 
demonstrat ions 

- NASA and DOD encourage t r a n s f e r  o f  ae ronau t i ca l  research r e s u l t s  t o  
and wi th in U.S. ' ,&us t r y  



- Both NASA nnd OOD nlanago, molntofn,  and oporoto ooronaut l ca l  
rosenreh, dov@lopmont , t e s t ,  and aval u o t l o n  f p e l  11 t i e s  

- The Fodaral  A v i a t i o n  Admin ls t rn t lon ,  w i th  NASA and DUD sunport, i s  
raspons l  b l c  For a i  r t r a f f f c  c o n t r o l  and sa fo t y - re l a ted  aeronaut1 cal 
research and teehnol ogy , 

WIth t h e  P res ldan t4s  acceptance o f  those rccommendatlons a s  U.S, 
a c r o n n u t i s ~ l  p o l  l e y  I n  November 1982, they  became a base f o r  NASA's l ong  range 
p l a n  for aeronaut1 cs , 

B. Goal , Strategy,  and Ob j cc t i v cs  

1. Goal - 
The goal o f  t h e  Aeronaut ics program 1 s t o  conduct e f f o c t l v a  and p roduc t tvo  

rcsoarch and technology programs t h a t  c o n t r f b u t e  m a t e r i a l l y  t o  t he  endur ing 
preemlncnce o f  U.S,  c i v i l  and mi l i t a r y  aviation. That goal w i l l  r e q u i r e  
ma1 ntcnance o f  t h o  capab l l  1 t i e s  o f  t hc  research centers ,  b o l d  and +rnaginat lve 
p rogram management, and g r e a t e r  !nvo lvement  o f  NASA w i t h  o t h e r s  1n t h e  
research and dcveloprnent comrnunfty. 

The p r i n c i p l e s  unde r l y i ng  t h e  aeronaut i cs  program p lan  r e  emphasis on t h e  
i n i t i a l  s teps i n  t he  research and development proccss, r e c o g n i t i o n  of t h e  
common c f v i 1  and m l l i  t a r y  u t i  I i ty  o f  aeronaut i ca l  technology, and c a p t t a l  i z a -  
t f o n  on the synergism between aeronaut i ca l  and space technologies and 
capabi 1 t ti es . To avc id  t h e  confus ion chat o f t e n  accoinpanles the  somewhat 
arb!  t r a r y  p a r t i  t i  on1 ng o f  the research and development process, t h e  f o l  l ow lng  
d e f i n i t i o n s  app ly  t o  the  t h r e e  a c t i v i t i e s  t h a t  are t h e  p r i n c i p a l  elelnents o f  
N A S A ' s  aeronaut1 c a l  research and devel  op~nent : 

o D l  s c i  p l  i nary  Research-research t o  inc rease  knowl edge o f  f ~nda r r~en ta l  
p h y s i c a l  phenomena and generate new concepts i n  p r i ~ n a r y  aeronaut i ca l  
t echn i ca l  d l  s c i  p l  i nes 

o Systems Research--research f n  i n d l  v i dua l  t echn i ca l  d i  s c i p l i n e s  and i n  
technol  ag ies  un! quely  r e1  ated t o  var ious  general c lasses  o f  a i  r c r a f t  t o  
inc rease  knowl edge o f  i n t e r a c t f  ons aniong system components 

o Proof o f  Concept--f n v e s t i  gat fons t o  determf ne t he  f eas l  b l l  i l y  o f  
promi s i n g  tecr.,ii ca l  advances. 

Two subsequent steps i n  t h e  research and developmsnt process w i l l  be g iven  
secondary  b u t  I m p o r t a n t  emphasis :  t e c h n o l o g y  d e m o n s t r a t i o n  and p r o d u c t  
development . Techno1 ogy demonstrat i  on 1 s concerned w i t h  advanced techno1 o g i  es 
f o r  wh i ch  c o n f i d e n c ~  mus t  be established t h r o u g h  d e m o n s t r a t i o n  o f  t h e i r  
t echn i ca l  value. NASA's technology demonstratior; a c t i v i t i e s  w i l l  be 
r e s t r i c t e d  general  l y  l o  techno l  ogy w i t h  p o t e n t i  a1 n ~ l  1 i t a r y  appl  f ca t1  ons and 
w i l l  be coord ina ted  o r  conducted w i t h  DOD. 

NASA engages i n  product  development o n l y  i n  connect ion w i t h  m i l i t a r y  
systems, t o  p rov ide  teckrnical and t e s t  support  t o  DOD and i n d u s t r y ,  





nsw fae i  1 i t y ,  tho Nat ional  Transonf c Foci 1 i t y ,  1s  bocomfng opcro t iona l  a t  
L a n g l c y ;  but  many wfnd tunnels and onglnc t o s t  ~ a l l s  and tholr n u x i l l o r y  
equl pmont arc a g l  ng and I n  need o f  oxtonsf vo rohabll 1 t a t l o n .  Consaqucnt- 
ly, d F a e i l l t ; , ~  I n t o c j r i t y  Program lins boon I n i t i a t e d  l o  p rov idc  r c h a b i l l -  
t a t i o n  t h r o ~ g h  a mu1 t i -yoor  rcpoir and replacemant o c t l v f  ty, Ex1 s t i n g  
f a c i  1 I t i e s  a lso  arc being anhancod through a For:i i t y  Product lv l  t y  
Improvement Program dcs i  gncd t o  prov lda n marc o f f  l c l  an t  t e s t  capabl l  i ty  . 

En)~ancetiient o f  computal io t~ol  *:apnbil i t i o s  a t  a l l  th roe  o f  tho eontors 
I s  l n e ~ o n s i n ~ ] l y  i m p o r t a n t .  The c o n t c r s  w i l l  use t h o  m o s t  advnncod 
supcrcomputors  t o  push t h o  s t a t e - o f - t h e - a r t  i n  n v t n q r k  and sof tworo  
systems t h a t  Ineroase computntlonal powor but  rernal n usor f r l end l y .  The 
Agency's now Numerical Aorodynamlc Simulat ion systcm w l  l l  p loy  a lcad 
r o l  e .  It w i  11 Pcaturo prototype h i  gh-spoad processors surrounded by work 
s t a t i o n s ,  graphics s ta t i ons ,  niass storage, ilnd a long-haul , wide-band 
s n t o l l  i t o  comniunieat~ons 1 Ink between the  cante~*s ,  By e a r l y  1906 .I t s  
i q l t i a 1  high-spood processor wf  11 be operat ional  and able t o  p s r f o r t ~ ~  250 
m l  1 1 4 on F l o a t l n g  p o i n t  o p e r a t l  ons p e r  second (MFLOPS),  I n  19U7 o 
Fol 1 o+on processor w l l l  increase t h a t  crtpabi 1 i t y  t o  more t h a t  1,000 
MFLOPS , 

The Numor':cal Aorodynamlc Simulation system exompl l f ios  the  o v e r a l l  
d l r e c t l o n  a l ;  the  NASA centers a r e  t ak ing  t o  us, and advance s c l e n t l f ! ~  
and angi nccri! ly cor.putl ng. Conlmunl e a t  1 ons w t  11 be cmpl oyed t o  f ncrease 
u s a b l e  ~ ~ l r i r l ; l u t ~ t i o n a l  power even f u r t h e r .  Key t o  t h a t  use w l l l  be a 
s a t e l  1 i ' 4  1 I $ + '  tha t ,  s t a r t i n g  i n  1986, w l l  l a l l ow  a user at; one research 
cen4\>fi ' 4 .  r i d  systems a t  the  o ther  research centers, To ensure acccss t o  
t htg ; ~; .371 '  developments i n  cornputor techno1 ogy, OAST has i n 1  t i  ated a 
c?repaie?in ;cl ence program t h a t  i n v o l  ves a1 1 three o f  the research centers, 
t hc  u n i v o r s l  t l es ,  and i ndus t r y ,  

The s t a f f i n g  o f  t h e  research centers i s  bolng improved by ad jus t ing  
the1 r mix  o f  s k i l l s  t o  mainta in consistency w i t h  t h e i r  de f lncd  areas o f  
r e s e a r c h  and by c r e a t i n g  an environnient designed t o  a t t r a c t  t h e  best and 
brr ghtes t  o f  newly graduated s c i e n t l  s t s  and engincars. Opportuni t ies f o r  
advanced educatlon and train in^ are provided, as are dual career ladders 
t h a t  a l l ow  advancement through e i t h e r  management o r  research. S t a f f s  are 
augmented i n  c r i  t f  c a l  areas w i t h  temporar j  personnel ob ta l  ned through 
postdoctora l  f e l  lowsh-l ps , grants  t o  v i s i t i n g  s c i e n t l  s t s ,  cooperat ive 
work-study programs w i t h  un i  vers i  t f  es, and i n t e r c e n t o r  personnel 
exchanges. 

Because o f  I i m l  t a t l o c s  on both s t a f f  s ize  and budget, the Aergnautics 
progrlam w i l l  d i s t r i b u t e  i t s  resources t o  the research cerlters I n  
accordance w i th  the  p r i o r i t i e s  t h i s  p lan  es tab l ishes  for each o f  them, 
Since each research cen te r ' s  capab i l f  lf es usua l l y  are supplemented by 
suppor t i ng  or  r e l a t e d  c a p a b i l i t i e s  a t  the  other  research centers, the 
centers '  areas o f  excel 1 ence are c lose l y  i n t e r r e l a t e d .  For example, when 
t h e  newly mod1 f i ed 40x80~120-foot w i  nd tunnel a t  Ames Research Center 
becomes operat ional ( c u r r e n t l y  p ro jec ted  fo r  December 1985), i t  w l l l  
p rov ide a unique c a p a b i l i t y  For no ise  research t h a t  w i l l  complement the 
current; no1 se predi c t l  on and ana lys l  s capabi 1 i t l e s  a t  tang1 ey Research 
Center, S im i l a r l y ,  t he  experf n~enta l  and computational capabi 1 i t i e s  be1 ng 
advanced i n  Lewis Research Center 's t u r b i n e  and compressor research w i  11 
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br;s wppnrtad by tho davalopn~ant of  the colnputotional system and 01 gorf thms 
a t  Amos, A l l  o f  the rnscarch contors aro not lonn l  l abo ra to r i os  rcoponsl- 
b l o  ?or advancing fundnmnntal aeronautical d l  scl p l  incs. I n  addl t l o n ,  each 
has tho f o l  low1 ng spoejal  rosponsl b i  1 t l cs : 

o Amos Resoarch Cofitor--f11 g h t  rcsonrch and toehnol ogIos fo r  
connnorci n l  and rni 1 t tary r o t o r c r a f t ,  powered-1 1 f t at r e r a f t ,  and 
111 gh-pcrfsrm~nco 01 rsraft 

o Long l oy Rasearch Contor-oi rf ram@ tcchnol agios for  co~nrncrci a1 and 
rni 1 I tilry t r o n s p c t r  , g e n o r ~ l  a v i a t i o n  a i r c r a f t ,  and ml l i  t a r y  
h i  gh-pcrformoncc n i  r a w a f t  

o Lewi s Research Center--tozhnolog4os o f  aeronaut lco l  propul s i ~ n  and 
power , 

Increased omphasf s w i l l  k~ $'i aced on systems in teg ra t i on ,  To achieve 
tachnologicnl  Impfov~uiun&, I r t r v . s e t i  ons among tho i ndl  vidua I co~l~ponents o f  
a vchlc'lc, i t s  subsyst~rns, and i t s  opera t ing  cnvlronmenl must be under- 
stood*  TochnScil\ df s ~ i p l  l ~ ~ c o ,  ntust be i n t e r r e l a t e d  I n  systems rosoarch. 
For Ins+aace, aerodyr~arnScs sdts tne basic shape o f  an a l rp lanc ,  wh i le  
ma tc r l s l  and s t ruc tLres  tachnn;?gIes mat n t a i n  the ln tegr i  ty  o f  that shape 
and rnintmizc tho airplane"': weight. S l m i  l a r ly ,  propul s lon  systelns Invo lve  
both f l u i d  mechanics and s t ruc tures ,  F l i g h t  con t ro l s  i n t e r a c t  w i t h  tho 
airplane's aerod!,namlc shape and s t r u c t u r a l  response mvdes t o  dstermlne 
1 t s fl 1 ght porfo~*mance, hand1 l n g  qua1 i t i e s ,  and maneuverbabl. 1 I t y .  Vehicle 
dynamlcs and i n t e g r a t l o n  o f  the a i r f rame w l t h  the propulsfon system and 
wonpons f u r t h e r  c o n t r o l  t h e  dcs lgn .  Because a l l  o f  those e lements  
i n t e r a c t  and cannot be separated, a1 1 must: be addressed when seeking 
Improved performance, increased durabi 11 t y ,  and reduced acqui s i  t l o n  and 
opera t ing  ces ts  for a t o t a l  system. 

Systems research Inves t1  gates those complex i n t e r r e l  a t1  onshi ps t o  
p r o v i d e  u n d e r s l a n d l n g  o f  the o v e r a l l  b e h a v i o r  o f  a system, be i t  an 
eng ine ,  a comp'lete a i r c r a f t ,  o r  a s t r u c t u r a l  compt!ilent such as a la rge  
composl t e  wing span, 

Techno1 ogy goals and current; program plans, i n c l u d i n g  f u t u r e  
I n i t i a t i v e s ,  a r c  described i n  sect ions C ,  D ,  and E o f  t h i s  chapter. 

c.  k s ~ r e  Timely Transfer o f  Research Results t o  U.S. Aerospace Zndustry 

Rapld and unconstrained d l  sseml n a t i o n  o f  research and techno1 ogy 
r e s u l  t s  t ha t ,  though u n c l a s s ~  Fled, arle economical ly or m i  1 i t a r i l y  
s e n s i t i v e  can a l l o w  e x p l o i t a t i o n  by p o t e n t i a l  competi t o r s  o r  adversaries 
before use by the United Sta tes .  NASA w i l l  endeavor t o  prevent such 
e x p l o i t a t i o n  o f  tt.s r e s u l t s .  At t h e  same time, because the r e s u l t s  a r e  
essential t o  the p r o d u c t i v t t y  o f  t he  U.S, aerospace community, NASA w i l l  
ma in ta in  t h e i r  f r e e  f l ow  lo t h e  ex ten t  t h a t  commercial competitfveness and 
nat iona l  s e c u r i t y  perm1 t. 



A s e c o n d  concct-n i s  t h a t  U , S .  i n d u s t r y  mny n o t  be nwnro o f  a l l  
t a c h r l c o l  advaneas, cven u n c l c s s i  f l e d  ones, made o u t s i d e  the  Uni t e d  
S t a t c s ,  Ti~croforc, t ho  NASA ccn to rs  have accepted rcsponsI  b i  1 1 ty  f o r  
ocqul r lng,  nsslmi l a t l n g ,  and d i  sseminat lng t o  U.S. industr:. I n f o rma t i on  Gn 
relcvant tcchnalogy ndvonces made ou t s i de  the  Unl t e d  Statcs.  

To ensure r a p j d  t r a n s f e r  o f  NASA generated technologies t o  Sndust r l  a1 
application, cmphasls w i l l  be increased on two impo r tan t  mcchanfsms: 
a c t i v e  p a r t l c i p a t l o n  o f  i n d u s t r y  I n  t h e  Agency's research and technology 
ac t1  v i  t i c s  'bhrough con t rac ted  and j o l  n t  programs, and t i m e l y  d i  sseml nadl on 
o f  r e s u l t s  through workshops, conforenccs, and repo r t s ,  

d. Ensure Appropr i   at^ Involvement o f  Uni v e r s i  t i e s  and I n d u s t r y  

Thc unl v e r s i  t l e s  p a r t i c i p a t c  i n N A S A ' s  a o r o i a u t l  cs  research and 
technology i n  severa l  ways a Facu l ty  members serve on adv isory  co~rmi t t e o s  
t h a t  he1 p formul a te  and c r i  ti qut! NASA programs. W i  t h  the1 r students,  they 
p a r t i  c i p a t c  i n  bas ic  research  programs, general  l y  i n  c l ose  c o l l  abo ra t i  on 
w i t h  personnel a t  t he  research centers. The r e s u l t i n g  con tac ts  g Ive  
w ; s i b i  11 t y  t o  NASA and i t s  programs i n  t h e  u n i v r ? r s l t i c s  and d i r e c t i o n  t o  
academic research ac t1  v i  t i  es. They a1 so s t lmu l  a te  t h e  t r a n s f e r  o f  ideas 
and t a l e n t  b e t w ~ e n  the universities and t h e  research centers .  

The p r i n c i p a l  mechanisms f o r  u n i v e r s i t y  p a r t i c i p a t i o n  a r e  NASA gran ts  
and c o n t r a c t s  t h a t  f o s t e r  c o l l  abo ra t i  on between personnel a t  t he  research 
c e n t e r s  and f a c u l t y  and g r a d u a t e  s t u d e n t s .  I n c r e a s e d  use o f  t h o s e  
mechanisms I s  planned. Another k i n d  o f  arrangement t o  en la rge  NASA's 
academic I n t e r f a c e  w l l l  i n c l u d e  fo rmat ion  near  h e s  Research Center o f  the 
Research I n s t i t u t e  f o r  Advanced Computer Science, which w i  11 be an analog 
o f  t he  Institute fo r  Computer Appl icat ' ions i n  Science and Engineer ing a t  
Lar lg ley Research Center. S.lmllarly, two o r  more centers  o f  excel lence i n  
computer sc ience and i t s  aerospace appl l c a t i  ons w i  11 he ;stab1 i shed , The 
purposes o f  t h e  I n s t i t u t e  and t he  two cen te rs  o f  exce l lence  w i l l  be t o  
focus academlc expertise i n  computer sc lence and appl i c a t i o n s  c r i t i c a l  t o  
aerospace and t o  develop a group o f  young aerospace engineers h i g h l y  
p r o f l c i e n t  1 n compcter techno1 ogy. 

W l  t h  r ega rd  t o  I n d u s t r y  p a r t i c i p a t i o n ,  t h e  p r i n c i p a l  purpose o f  NASA's  
Aeronaut1 c s  program i s t o  develop t e ~ h n o l  ogy t h a t  c6.k: incorpora ted  
axped-itiously and econctmically i n t o  new v e h i c l e  dcsf gns, I ' o r  t h a t  pur  ose 
and t o  ensure t h a ~  t h e  program's p r o j e c t s  i nc l ude  cons ide ra t i on  o f  go th  
technology needs and technology o p p o r t u n i t i e s ,  program p l  anniny and 
execut ion a r e  undertaken i n  c lose  coo rd ina t i on  w i t h  sen io r  management, 
program and p r o j e c t  leaders ,  and technical s p e c i a l i s t s  I n  U.S. i n d u s t r y  
and t h e  Department o f  Defense. 

Aeronaut1 c a l  sJstems research must be a cooperat i  ve endeavor between 
NASA personnel and t h e i r  coun te rpar ts  i n  I ndus t r y ,  s ince  much o f  t h e  
unders tand ing  o f  system requirements and i n t e g r a t i o n  problems res ides  i n  
t h e  l a t t e r .  Thus, an Impor tan t  f e a t u r e  o f  t he  Aer~onaut lca l  program i s  
research performed by 1 ndus t ry  w i t h  NASA fund ing  and technica' l  
co l  l a b o r a t l o n  , 



c ,  Provide Dovclopmcnt Support t o  Other Government Agencies and t o  U.S. 
Industry  

A 1  though devoted prtrnari l y  t o  the  conduct o f  research and tec l~nology 
dcvclopment , NASA's techni ca l  s t a C F  and f a c l l l  t i e s  a1 so a l d  government and 
i n d u s t r y  i n  t h e  dcvclopment o f  new a i r c r a f t ,  I n  p rov id ing  support, 4'4SA 
augments i t s  own s t o r e  o f  expe r ience  and da ta  t o  t h e  b e n e f i t  a f  i t s  
subscquerit research and techno1 ogy dcvelopnlent act1 v i  t i e s  . 

C ,  T e c h n ~ l  ogy Object1 ves 

Technology object ives,  es tab l ished t o  prov ide a framework for* dec i  slons on 
fund i  ng, personnel , and f a c l l  i t i  es, represent areas f o r  1 ong-term emphasis. 
The l e v e l  o f  emphasis 11. ly d l  f f e r  From center t o  center,  and the  t o t a l  amount 
o f  e f f o r t  w i  71 depend on the funding and manpower ava i lab le .  The order i n  
which the ob jec t i ves  arc presented does not  i n ~ p l y  p r i o r i t i e s ,  and i t .  should 
n o t  be assumed t h a t  act1 v l  t i e s  no t  inc luded w i  11 be abandoned. Thk s b j e c t i  ves 
are  as fo l lows:  

o Br ing  ex terna l  and i n t e r n a l  c~mp.~ ta . t iona l  f l u i d  dynamfcs t o  a s t a t e  o f  
p r a c t i c a l  appl i cat lon  f o r  a i  r c r a f t  dnd engine design 

o S l  g n l f i c a n t l y  reduce a l r c r a f t  viscous drag over the fu l  i speed range 
and jmprove understanding o f  Reynolds number e f f e c t s  a t  t ransonic 
speeds 

o Provide technology t o  minimize s t r u c t u r a l  weight through use o f  
advanced mater ia l  s fur c i  v i  1 and m i  1 i t a r y  a i  ? c r a f t  engi nes and 
a i  rframes 

o Provide advanced cont ro l  , guidance, and f l  i ght management technologies 
t o  imprqove performance and operat ion o f  f u t u r e  a i r c r a f t  

o Provide technol ogy advances f o r  a 100-percent improvement i n  
p r o d u c t i v i t y  o f  r o t o r c r a f t  f o r  m i  1 i t a r y  and c i  v i  1 a p p l i c a t i o n  

o Provide technology t o  ensure development o f  super ior  m i  11 t a r y  a i  r c r a f t  
and m i s s i l e  systems 

o Provide technol ogy t o  enhance f l i  gh t  crew e f fec t iveness  i n  advanced 
cockp i t  and a i  r t r a f f i c  environments t h a t  inc lude advanced automation, 
d isp lay  , and cont ro l  techniques 

o Provide a technology base f o r  e x p l o i t i n g  modern computers i n  so lv ing  
A computational l y  i ntens i  ve aeronaut1 cal problems 

o E x p l o i t  the  f u l l  po ten t i a l  f o r  reducing the  drag o f  h i g h l y  i n teg ra ted  
propul s i  on-ai rframe systems 

o Advance t h e  techno logy  f o r  smal l  g a s - t u r b i n e  eng ines  t o  a l e v e l  
comparable w l  t h  t h a t  f o r  l a r g e  turbir,e engines 

o Establ i sh t i l e  technical  f e a s i h i  1 i t y  o f  h i  yh-speed turboprop propul s ion 



o Provldc turbofan component advances t h a t  Improve t h o  fue l  e f f i c i e n c y  o f  
subsonic t ranspor t  anglnrss 15 percent beyond tho  l e v e l  possib le from 
appl i cat1 on o f  energy e f  f l c i e n t  engi nc technology 

o Provide technology t o  increase av i  a t i  on sa fe ty  through improvod crash 
and f i  r e  w o r t l ~ i  noss , protect i i  on f rorn msteorol ogi c a l  hazards, and 
a1 rcraft systems, 

N A S A ' s  approach t o  those object1 ves fo l lows.  

1. Computational F l u i d  Dynamics 

Oekel oanlent o f  computational f l u i d  dynamics and accuracy I n  predi c t i n g  
ex terna l  and i n t e r n a l  f law are  progressing rap id l y ,  Major gai ns foreseen f o r  
the next decade in computational aerodynamics w i l l  r e s u l t  i n  p re l  lni inary 
designs f o r  a i r c r a f t  and englnes much c lose r  t o  f l n a l  c o n f l g u r a t ~ o n s  than I s  
c u r r e n t l y  possib le,  permitting greater  econorny i n  wlnd tunnel and t e s t  r ' lg 
act3 v i t i e s ,  The Numerical Aerodynamic Slmul a t i o n  system mentioned prev ious ly  
i s  i n  d i r e c t  support o f  t h i s  ob jec t i ve .  S tar ted  i n  FY 1984, t h a t  system wf 11 
prov lde  and maln ta jn  the  wor ld 's  most advanced s c i e n t i  ff c computation system, 

2. A i r c r a f t  Viscous Drag and Neynolds Number E f fec ts  

The a b i l i t y  t o  achieve very low form drag i s  q u i t e  advanced. 
Cons%quently, drag due t o  s k l n  f r i c t i o n  remains the major problem i n  reduct ion 
o f  t o t a l  drag. Since prevent ion o f  t u rbu len t  f low a t  surface boundaries can 
prov ide  l a rge  reduct io l \s  i n  a1 r c r a f t  dr*ag, var! ous means f o r  stab1 I i zing 
boundary l a y e r  f lows are being pursued, I n  add i t fon ,  attempts are being made 
t o  reduce t h e  f r i c t i o n  d r a g  o f  established t u r b u l e n t  f l o w s  by geomet r ic  
lnodi f l  cat ion  o f  veh ic le  surfaces. D i f fe rences I n  the  Reynolds numbers from 
f u l l - s c a l e  and wind tunnel t e s t s  o f t e n  in t roduce inaccuracies t h a t  ser ious ly  
eomprom~se a i  r c r a f t  design. The new National Transonic Faci 1 i t y  mentioned 
prevt ausly w i  11 p rov i  de a f u l l  -seal e Reynolds number t e s t  capabi I i t y  , ef fec- 
t i  ve ly  e l i n i i na t i ng  the p o t e n t i a l  ly  c o s t l y  e r r o r s  a r i s i n g  from ex t rapo la t i on  
from data obtained i n  t e s t s  t h a t  can be conducted only  i n  c u r r e n t l y  ava i l ab le  
tunnels.  

3. Use o f  Advanced Materials t o  Minimize S t ruc tu ra l  Weight 

Emerging concepts i n  advanced materi  a1 s have high po ten t i  a1 f o r  improvi ng 
t he  performance and durabi 1 i t y  of  a i  r c r a f t  . NASA's development o f  res in -  
m a t r i x  camposi t e s  f o r  empennage s t ruc tures  i s  near ly  complete. Full -scale 
ground and f 1-1 ght  t e s t s  o f  s tab i  1 i zers w i  11 conclude N A S A ' s  technology devel-  
opment o f  moderately 1 aaded, s t $  f f ness -c r i  ti c a l  s t ruc tures .  Techno1 ogy 
development now i s  i n  process on s a f e t y - o f - f l i g h t  c r i t i c a l  st!-uctures such as 
wings  and fuse1 ages  f o r  t r a n s p o r t  a i r c r a f t  , i n c l  u d l  ng development o f  a 
comp le te  d a t a  base  and t h 2  a e s i g n  c r l t e r i  a necessary f o r  commitment t o  
p r o d u c t i o n ,  A l s o  under development a r e  tougher ,  more p r o c e s s l b l e  r e s i n  
systems t o  prov ide  greater  res is tance t o  impact damage and, through powder 
metal I urgy tecbn i  ques , advanced metal a1 1 oys t h a t  w j l l  increase a1 1 owabl e 
design strength w i t h  no l n s s  i n  d u r a b i l - i t y  o r  f r a c t u r e  toughness. 

Development o f  technology i s  i n  process t o  improve t h e  performance and 
d u r a b i l i t y  o f  t u r b l n e  engines. Tncl uded are studies t o  improve the d e f i n i t i o n  



u o n t i f f c a t i o n  o f  f a c t o r s  t h a t  a f f e c t  eng ine  d u r a b i l i t y  such as t he  
and a e r o t  !I ormnl envf ronment , dynamic thermomechani ca l  1 aadi  ng e f f e c t s  on ma te r l -  
315, and I n i t f a t i o n  and propagation o f  cracks. New a n a l y t i c a l  methods t o  
account f o r  corn 1cx loading and r e a l i s t l c  geometries are being developed and 
v e r j f i e d  throug 1 l abo ra to ry  t e s t s .  Fundamental s tud ies  on t h e  st rengthening 
o f  s u p e r a l  l o y s  f a r  e n g i n e  a p p l i  c a t 1  ons a r e  c o n t i n u i n g  , w l  t h  emphasi s on 
innovat1  ve a l l o y i n g  concepts using me1 t spinni ng. Thermal b a r r i e r  coat ings 
w l  t h  Improved rest stance t;a fore1 gn ab jec t  damage and greater  durabi 1 i t y  w i  11 
be devel oped. 

An i n tens i  ve e f f o r t  has been i n i t i a t e d  t o  develop the  technology needed t o  
prodr~cc  r e l i a b l e  ceramic components fo r  engines, Research I n  mater la l  s and 
processes w i l l  i n v e s t i g a t e  fundamental re la t i onsh ips  among s t a r t i n g  powders, 
process1 ng var l  ables, and rusul t a n t  mf c ros t ruc tures  and proper t f  es, Improved 
des l  gn methodology w j  11 provlde the a n a l y t i c a l  t o o l s  needed f o r  deslgni  ng 
p a r t s  made w i t h  b r j  t t l c  mater la l  s .  Advancement t n  techniques f o r  p r e d i c t i n g  
and eva lua t ing  nandest ruc t ive ly  t h e  1 l f e  o f  ceratnic mater i  a1 s w i l l  improve 
capabi 1 i t i e s  f o r  addressing accura te ly  the serv ice  11 f e  ~i components made 
f roil1 them and, there fore ,  i ncrease confidence f o r  the1 r use, 

4. Advanced Control  , Guidance, and E l i  ght Management 

Advanced concepts appl l e d  t o  f l  t ght  management, con t ro l ,  d isp lay ,  and crew 
s t a t i o n  interfaces can provide designs f o r  a i r c r a f t  systems able sirnultaneous- 
l y  t o  improve f l i g h t  path guidance and perform func t ions  t h a t  are c r u c i a l  t o  
t h e  safety o f  f l i g h t .  Ar dependence on con t ro l  systems increases, system 
re1 i a b l l  1 t y  requirements d r i v e  t h e  appl l c a b l a  technology toward a h igh  degree 
o f  f a u l t  tolerance. Improvement i n  operat ional  e f f f c i e n c y  requ i res  b e t t e r  
techniques f o r  f l i g h t  path guldance i n  conjunct ion w i t h  imp ved a i r  t r a f f i c  
c o n t r o l  . The approach t h a t  w i  11 bpi f o l  lowed i s  t o  davt? t op methods f o r  
I n t e g r a t i n g  f u l l y  the f l  i g h t - c r u c i a l  con t ro l  s and guidance funct ions;  I d e n t i f y  
a l  t e r n a t i  ve system a rch i tec tu ra l  concepts; estak 1 i sh emulat ion-simulat ion and 
physi c a l  t e s t i n g  techniques f o r  advanced d i  g i  t a .  systems; and develop advanced 
concepts for d isp lay ,  Information, and fl I yht  pa-t;h guidance systems. Strong 
emphasi s w i  11 be p l a c e d  on advanc ing  t h e  techno1 ogy f o r  dynarirl c ,  f a u l t -  
t o l e r a n t  system management and h i g h l y  r e l i a b l e  computer systems a b l e  t o  
support complex 1 n t e r a c t i  ng functions. 

Research  w i l l  be conducted t o  o p t i m i z e  a i r  t r a f f i c  f l o w  s t r a t e g i e s ,  
i n t e g r a t e  a i r  L r a f f  i c  cont ro l  and f l i g h t  p a t h  management d isp lays  and 
c o n t r o l s ,  develop a! r t r a f f i c  c o n t r o l  au tomat ion  concepts  and o p e r a t f  n g  
procedures, eval uate performance, and reduce work1 oads. Other research wil I 
e x p l o i  t synergi s t f  c benef i ts  from i nteg ra t l ng  e l e c t r i c  secondary po rs r  
systems, electromechanical actuators, a c t i v e  con t ro l s ,  and d i g i t a l  e lec t ron f  cs 
t o  obtaf  n majar gal ns i n  e f f i c i e n c y ,  economy, and performance. 

5 .  - Improvement i n Ro to rc ra f t  Product i  v i t y  

Ro to rc ra f t  technology I s  re1 a t i  ve l y  inmature and t h e r e f o r e  presents a 
. broad range o f  d i  s c j p l l  nary, component, and s j  stems research chal lenges. 

Because o f  the cumpl e x i  t y  o f  r o t o r  aerodynalni cs and dynarni cs and the  r e s u l t 1  ng 
v e h i c l e  aeroel a s t i c ,  s tab i  1 i ty, and con t ro l  problems, there  are oppor tun i t i es  
f o r  major gains 1 n performance, v i  b r a t i  an and noise reduct ion,  f l y i n g  
qua1 i t i e s ,  and a l l  -weather operat ing capabi l  i t f  es. The program's focus w i l l  



be on sjstcn I~r~provements such as a 100-percent i nc rease  i n  speed and range, 
w o r l  d-wi de se l  f-deployment capabi 11 ty, 50-percent decrease i n  n o i  so and 
v i b r a t i o n ,  25-percent r e d u c t i o n  I n  mi ss fon  f u e l  requ l  rcments, and 100-percent 
inc rease  i n  payload capac i t y ,  Those advances w i l  I Inc rease  s l g n i  f l c a n t l y  t h e  
o p e r a t i o n a l  capabi 1.1 t i e s  o f  bo th  c i  v l l  and m i  1 l t a r y  r o t o r c r a f t ,  Key f a c t o r s  
fa tb  both c i v i l  and m i l i t a r y  r o t o r c r a f t  a re  low v i b r a t i o n  and no ise,  h i gh  
pay1 oad capaci  t y  , p roduc t  l v i  t y  , economy, speed, ag i  1 1 t y  , so l  f -dep l  oyabi  11 t y  , 
and adverse weather capabi  1 i t y - - w i  t h  t h e  1 a s t  four f a c t o r s  be i  ng p a r t i c u l a r l y  
Impc r t an t  f o r  m i l i t a r y  a p p l i c a t i o n s ,  

The  p l a n n e d  p r o g r a m  w i  11 c o n c e n t r a t e  on c r i t i c a l  t e c h n o l o g i e s ,  w i t h  
speci a1 emphasis on improv ing  fundamental unders tanding and a n a l y t i c a l  
p red i  c t l  on methodologies. The research  approach w i  11 use ground-based 
experimentation, simulat-ion, v e r i f i c a t i o n  through f l i g h t  t e s t s ,  and develop- 
ment o f  c e r t l f i c a t l o n  c r i t e r i a  f o r  advanced r o t o r c r a f t  concepts w i t h  regard  t o  
performance, con t ro l  s, propul  s ion  , s t r u c t u r e s ,  guidance, and nav iga t ion .  
Technol  ogy deve lopment  t a s k s  f o r  t h e  n e x t  g e n e r a t f  on o f  r o t o r c r a f t  w i l l  
i n c l u d e  e s t a b l i s h m e n t  o f  a d a t a  base  f o r  l a r g e  t r a n s p o r t  and heavy-1 i f t  
r o t o r c r a f t ;  eval  u a t i  on o f  c i  r c u l  a t i o n - c o n t r o l  r o t o r  c ~ n c e p t s ,  such as t h e  
X-wing f o r  high-speed r o t o r c r a f t ;  and re f inement  o f  t i l t - r o t o r  technology f o r  
c i  v i  1 and mi 1 i t a r y  a p p l i c a t i o n s ,  

The program a1 so wi  1 1 i n v e s t  1 gate aero-acoust (cs t o  p r o v i  de des ign t o o l  s, 
rne th~do logy ,  and s u b s t a n t i a t f o n  o f  t h e  data  base I n  o rder  t o  achieve 
improvements I n  r o t o r c r a f t  designs t h a t  w i  11 reduce e x t e r n a l  no! se by 5 t o  10  
d e c i  be1 s, i ncrease  h o v e r  e f f l  c l e n c y  hy 1 0  p e r c e n t ,  and i n c r e a s e  c r u i  se 
e f f i c i e n c y  by 20 percent .  A n a l y t i c a l  p r e d i c t i o n  methods and a comprehensive 
d a t a  b a s e  on r o t a r  p a r a m e t e r s  a f f e c t i n g  p e r f o r m a n c e  and n o i s z  w i l l  be 
impor tan t  f ac to r s ,  as w i l l  t h e  e s t a b l  i shment of c r i t e r t a  f o r  s t r u c t u r i n g  
small - sca le  aero-acoust ic  model t e s t s  and t he  accura te  p r a j e c t i  on o f  r e s u l t s  
t o  f u l l  - sca le  designs . 
6, Technol ogy f o r  Supert o r  M i l  l t a r y  A i r c r a f t  and M i s s i l e  Systems 

E v o l u t i o n  and devel  opment o f  advanced concepts f o r  h i  gh-performance 
m i  1 i t a r y  a4 r c r a f t  and mi s s i  1 es w i  1 I p rov ide  t h e  techno1 ogy foundat ion upon 
wh i ch  t h e  Depar tment  o f  Defense and i n d u s t r y  can  d e v e l o p  b e t t e r  weapon 
systems. The H I  gh Pe r f o rmance  A i  r c r a f t  p rogram i s  airned a t  g e n e r a t i  ng 
technology advances needed f o r  high-speed a i  r c r a f t  and m i  s s i  l e s ,  i n c l u d i n g  
powered-1 i ft a i  r c r a f t  w i t h  v e r t i c a l  o r  s h o r t  t a k e o f f  and 1 andl  ng capabi 1 i t i e s ,  
supersonic  c r u i s e  and nianeuver a i r c r a f t  w i t h  csnven t iona l  o r  s h o r t  t a k e o f f  and 
l a n d l n g  c h a r a c t e r l s t l c s ,  and h y p e r s o n i c  c r u i s e  a i r c r a f t .  Emphasis w i  11 
con t inue  on improvement o f  a n a l y t i c a l  dnd exper imenta l  techniques t o  acqu i r e  
t h ~  da ta  base necessary f o r  devel op i  ng high-performance v e r t i c a l  o r  sho r t  
t a k e o f f  and land ing  a i r c r a f t  capable o f  ope ra t i ng  f rom a v a r i e t y  o f  bases. 

A n a l y s i s ,  s imu la t ion ,  wind t unne l  t e s t s ,  and t e s t s  us i ng  f r e e  f l i g h t  
model s wi 11 be cont inued on f i g h t e r  a i  r c r a f t  embody1 ng new concepts t o  improve 
the1 r behav lo r  c h a r a c t e r i  s t i c s  a t  h i  gh angles o f  a t t ack ,  d u r i n g  s t a l l  
departure,  and i n  sp ins.  A l s o ,  analyses and s imu la t i ons  w i l l  be emphasized 
o v e r  t h e  n e x t  s e v e r a l  y e a r s  t o  i m p r o v e  h i g h - a l t i t u d e ,  low-speed  combat 
maneuverabi 1 i t y  . A coopa ra t i  ve a n a l y t l  c a l  and exper imenta l  program w i t h  
1 ndus t r y  i s i n process on concepts f o r  h'r gh-performance supersonic  a i r c r a f t  
and mi s s i  1 es . Methods f o r  a n a l y t i  ng the  aerodynamics o f  supersonic vehi  c l  es 



w i  1 l be r e f l n e d  and app l  f cd t o  promf s i n g  u n c o n v e n t i o n a l  c a n f i g u r a t i o n s .  
Research on hypersonic  n i  r b r e a t h l  ng veh i c l es  w i  11 con t i nue  t o  eval  uato 
concepts f o r  i n t e g r a t i o n  o f  t u r b o j e t s  and ramjets .  Wind tunnel  t e s t s  of 
advanced concepts wi 11 para1 1 e l  t h e  development o f  acrodynarnl c  p red i  c t  i on and 
performance codes. I n  a d d f t i o n  t o  those research and technology base 
activities, f l i g h t  t e s t  programs are  under way I n  coopera t ion  w i t h  t h o  Air 
Force, Navy, and Defense Advanced Hesoarch P ro jec t s  Agency on a v a r i e t y  of 
concepts fo r  advanced h i  gh-performance a i  r c r a f t  . 

Techno1 ogy t o  Enhance F1 I: ght Crew E f f e c t i  veness 

C o c k p i t  automation i s  be ing  increased through more use o f  e l e c t r o n i c  
d i s p l a y s  arid information i n p u t  devices. Consequently, t h e  crew's  r o l e  I s  
becoming more one o f  lnanagen~ent and l e s s  m e  o f  a t t i t u d e  c ~ n t r o l  . Automation 
p r o m i s e s  i n c r e a s e d  economy, s a f e t y ,  and c a p a c i t y  f o r  ae rospace  systems.  
Howevcr, a  new body o f  technology i s  needed f o r  system I n t e r f a c e  des l  gns t o  
enhance t h e  o v e r a l l  capabi 1 i ty  and re1  i a b i  1 i ty o f  the  crew-cockp41 t system. 
Lack o f  t h a t  ' technology has fo rced  des igners t o  be very  conserva t i ve  i n  t h e l r  
use o f  automation and advanced c o c k p i t  systems w i t h  c a p a b l l l t i e s  f a r  beyond 
t h o s e  o f  convent I onal electromechanical  dev l  ces. NASA's human fac to r s  program 
p l a n s  t o  d e v e l o p  gu ' ide l ines  f o r  t h e  use  o f  au tomated  c o c k p i t  systems,  
e l e c t r o n i c  d l  s p l  ays, and 1 n fo rma t i  on i nput and ou tpu t  devices. The Federal  
A v i a t i o n  Admin i s t r a t i on  i s  e s p e c i a l l y  i n t e r e s t e d  i n such ac t1  v i t y ,  s lnce  i t  
needs  t h e  r S e s u l t s  f o r  use i n  d e v e l o p i n g  methods f o r  c e r t f  f y i  n g  advanced 
e l e c t r o n i c  cockp i t  systems. 

F o r  t h a t  research, NASA i s  I n s t a l  1  i ng f u l l  -mission, advanced technology, 
t r a n s p o r t  a i  r c r a f t  s i m u l  a t o r s  a t  t h e  Ames and L a n g l e y  Research  Cen te rs .  
Research under way inc ludes  a study o f  the e f f e c t s  o f  inc ressed  au to~nat ion  on 
crew performance and an eval  u a t l o n  o f  c o c k p i t  d i s p l a y  o f  t r a f f i c  in format ion.  
P l  ans i nc l ude  s tud ies  o f  crew i n t e r a c t i n n s  wi t h  computers and I n t e l  11 gent 
systems and a1 1 o c a t i  on o f  f u n c t i o n s  between crews and automat$ on. 

8. E x p l o i t a t i o n  o f  Modern Computers 

C o m n ~ e r c i a l l y  a v a i l a b l e  computer  systems do n o t  s a t i s f y  t h e  needs o f  
1  ong-range aeronautics research. To p rov ide  t h e  needed accuracy, re1 i ab i  1 t t y  , 
and d u r a b i l i t y ,  OAST has es tab l i shed  a computer science program t o  p rov ide  a 
foundat i o n  f o r  develop ing computer s c l  ence and computing methodo? og i  es f o r  use 
i n  aeronaut ics  and other  NASA research and technology act1 v i t i e s .  An impor- 
t a n t  o b j e c t i  ve 1 s t o  understand t he  1 n t e r p l  ay between advanced a r c h i t e c t u r a l  
concepts and the  performance p r o p e r t i e s  o f  ,l g o r i  thms , i n c l u d i n g  a l g o r i t h m i c  
cornplexi ty, t i rne and space t r a d e o f f s ,  convergence p rope r t i es ,  and accuracy. 
The program a l s o  w i l l  i n v e s t i g a t e  the  t h e o r e t i c a l  bas i s  f o r  h i g h  re1 i a b i  l i t y  
and f a u l t  t o l e rance  i n  order  t o  p rov ide  i n s i g h t  'Into promts ing new a r c h i t e c -  
t u r a l  concepts. Ana l y t t c  techniques, s imu la t ion ,  and model ing f o r  ana lyz ing  
and eval  uat  i ng systems performance w i  11 be i rnproved, as wi 11 capabi 1  i ti es f o r  
co~nrnunicati ng ' informat ion between humans and computers, p a r t i c u l a r l y  through 
computer graphics,  

9. Drag Reduct ion f o r  H igh ly  I n teg ra ted  Propuls ion-Ai r f rame Systems 

Favorable 1 n t e g r a t i o n  o f  a i r c r a f t  propul  s i on  and a i r f r a m e  systems can 
p rov ide  significant savings i n  f u e l  and d i r e c t  ope ra t i ng  cos ts  by reduc ing 



i n te r fe rence  drag t o  th ree  percent o f  t o t a l  a i rp lane drag. That reduc t ion  i s  
particularly important f o r  m i l i t a r y  a i  r c r a f t  because i t  w i l l  1 ncrease the1 r 
range, pay1 aad, and o ther  pe r fo r~~~a r l ce .  Therefore, t h e  Aeronautics Research 
and Technol ogy program has under way the  Propul s i  on-At rframe I n t e g r a t f  on . 
program t o  Improve s t a b l l i  t y  and performance and reduce the losses associated 
w i t h  f n tog ra t i on  o f  advanced propuls ion systems w i t h  airframes. The approach 
w l  1 l be t o  devel ap techno1 ogy , anal y t i  c a l  codes, and desi gn ~nethodol ogi  es and 
t o  extend t h e  experlmental data base f o r  i n l e t s ,  nozzles, and prope l le rs .  
Experimental and theo re t i  ca t s tudies w i  11 develop an understand1 ng o f  the  f low 
phenomena assaci a t @ d  w l  t h  propul s i  on systems f ncorporated i n  advanced c o n f i  gu- 
r a t f  on a l  r c r a f t  , 

Concepts are under study t o  reduce drag, enhance wing l i f t ,  and incurpo- 
r a t e  th rus t  vector jng and revers lng  t o  reduce 1 andi ng and t a k e o f f  d l  star~ces. 
Proper contouring o f  nace l l e  pylons and cleaner* nace l le  i n s t a l l a t i o n s  should 
reduce i n te r fe rence drag sign1 f i c a n t l y .  Use o f  advanced, unconvanlional 
conf igura t ions  i n teg ra t i og  nacel les, pylons, and wings i s expected t o  reduce 
sk in  f r i c t i o n  dray enough t o  lower t o t a l  drag an add i t i ona l  one t o  three 
percent by mid 1985. A n a l y t i c a l  techniques w i l l  be developed f o r  p r e d i c t i n g  
the  i n t e r a c t 1  ans o f  nozzles and a f te rbod ies  ; nacel les,  pylons, and wings ; 
turboprop propul s i  on systems, nacel 1 es, and wings ; and i n l  e t s  and forebodies, 
Generi  c 2 -d iaens i  on and 3-dlmensl on v i  scous codes w i  11 be developed f o r  
a n a l y z f n g  and optimizing t h e  i n t e g r a t i o n  o f  b o t h  t u r b o p r o p  and t u r b o f a n  
enyl nes ni t h  airframes. 

10. Technology f o r  Small Gas Turbine Engines 

The quality o f  small t u r b i n e  engines i s  very important  t o  many types o f  
a i  r c r a f t  , i n c l  uding general a v i a t i o n  a i  r c r a f t  , commuters, he1 icopters ,  c ru i se  
miss i les ,  and m i l i t a r y  t r a i n e r s ,  as we l l  as t o  many r e l a t e d  ground appl ica-  
t i o n s .  Pro ject tons i n d i c a t e  t h a t  advances i n  small gas t u r b i n e  engines w i l l  
reduce the  f u e l  consumption o f  small f ixed-wing a i r c r a f t  and he l i cop te rs  by 40 
percent and increase t h e  range o f  c r u i s e  m i  s s i  1 es substant i  a1 I y. Improvement 
o f  component e f f i c i e n c i e s  i s  expected t o  prov ide a galn o f  15 t o  20 percent 
and regenerat ion an add i t i ona l  10 t o  15 percent, w i t h  ceramics and 
i n t e r c o o l i n g  prov id ing  a f i n a l  10 t o  15 percent,  The e f f i c i e n c i e s  o f  small 
engine components c u r r e n t l y  are 8 t o  10 percer~ t  less t h a t  those o f  l a r g e  
t ranspor t  englne coniponents because o f  s a l e  and Reynolds number e f f e c t s  and 
manufacturing l l m i t a t i o n s  associated w i t h  fac to rs  such as r e l a t i v e  surface 
f i n i sh ,  f i  1 l e t  s ize, and minf mum thickness. A1 so, desi gn t.echniques fo r  l a rge  
components are inadequate f o r  predf c t l  ng accurate ly  the  performance o f  small 
co~nponent s ; and manufact u r i  ng cost  const r a i  n t s  prevent same aerodynami cs and 
t u r b i n e  coo l i ng  techniques used i n  l a r g e  engines from being appl l e d  t o  smal let- 
engines. Therefore, a new technology base s p e c i a l l y  adapted t o  the  
requ i remen ts  o f  s m a l l  gas t u r b l n e  eng ines  w i l l  be developed f o r  use i n  
i m p r o v i n g  s m a l l  eng ine  per fo rmance t o  l e v e l s  s i m i l a r  t o  t h o s e  o f  l a r g e  
subsonlc t ranspor t  engines . 
11 . H i  gh-Speed Turboprop Propul s ion 

Technol og lca l  advances i n  turboprop propul s i  on can prov lde 1 arge gains i n  
f u e l  e f f i c i e n c y  and opera t :  ng economy f o r  c i  v l l  and m i  1 i t a r y  t r a n s p o r t  
a i  r c r a f t  , Compared t o  turbofans of the  same technoloy i  ca l  1 eve1 , turboprops 
have the p o t e n t i a l  t o  reduce fuel use by 1 5  t o  20 percent. Rea l iza t ion  of 



t h a t  po ten t i a l  w i  1 ! requi re cs tab l  i shrnent of  sevoral i n t c r r e l  a ted technologies 
i n v o l  v1ng propel 1 e r  design , cab! n no1 so reduc t i  on, propul s.1 on-a1 rfrarnc 
i n t e g r a t i o n ,  and mechanical system 1 n t e g r i  t y .  

S m a l l  -scale research spannl n f i  vo years has produead a good understanding 
o f  advanced p rope l l e rs  (propfansq s u l t a b l o  for use a t  c r u l s e  speeds as h igh  as 
those o f    nod ern turbofan t ranspor ts ,  The research a lso has produced % good 
understandtng o f  t h e  e f f i c i e n c y  o f ,  and the  noise created by, mu l t lb ladcd 
p r o p e l l e r s  w i t h  t h i c k ,  swept blades operat ing a t  h igh  power and h igh t l p  Mach 
numbers. The next task i s  t o  b u i l d  la rge-sca le  p rope l l e rs  and t e s t  thein i n  
l abo ra to r i es ,  wind tunnels, and, u l t i m a t e l y ,  a t  c ru l se  f l i g h t  c o ~ d ~ t i o n s  f o r  
t h e  purpose o f  i nves t1  gat ing more thoroughly the1 r s t r u c t u r a l  , d y ~ a m i  c, and 
acoust i  c c h a r a c t e r i s t i c s  t h a t  cannot be resolved f u l l y  i n  subscale tes ts ,  

The long-term ob jec t i ve  i s  t o  c rea te  Goth an experimental data base and 
a n a l y t i c a l  methodology t o  advance a1 1 t h e  technologfes c r ?  t i c a l  lo a p p l i c a t i o n  
o f  h igh-speed tu rbop rops .  The program r r i11  encompass b o t h  s i n g l e  and 
counter - ro ta t ing  p rope l l e rs ,  wing and a f t - f use l  age mounted engines, t r a c t o r  
and pusher t h r u s t  o r ien ta t ions ,  and an adequate range o f  o ther  parameters such 
as c r u i s e  Mach number, power load lng  , and t i p  speed. The resu l  t i n g  ar ray  of 
technology opt ions w i l l  a l low t h e  U.S.  aerospace i ndus t r y  t o  produce Puel- 
e f f i c i e n t ,  hf gh-speed turboprop a i  r c r a f t  f o r  both c l  v i 1  and m i l i t a r y  
a p p l l  cat1 ons. 

1 2. Turbofan Components f o r  Fuel - E f f i c i e n t  Subsonjc Transport Engines 

Because fue l  cos t  has become the  major p o r t f o n  o f  t h e  d i r e c t  npera t ing  
cos t  f o r  subsonic t ranspor t  a i r c r a f t ,  f ue l  e f f i c f e n c y  i s  the  prInc(pa1 design 
c r i t e r i o n  f o r  advanced subsonic tu rbo fan englnes. The Energy E f f i c i e n t  Engine 
program has demonstrated a IS-percent improvement I n  f u e l  e f f i c i e n c y  through 
advances i n  technologfes f o r  tu rbo fan components and systems. Some o f  those 
advances c u r r e n t l y  are be1 ng incorpora ted  I n t o  deliel opment programs Tor new 
and d e r f  v a t i v e  eng ines .  For  even g r e a t e r  g a i n s  i n  f u e l  economy, a new 
technology base w i l l  be required. Advanced concepts f o r  engines i nco rpo ra t i ng  
improvements i n  both component and thermodynami c e f f i c i e n c y  o f f e r  an 
a d d i t i o n a l  15-percent reduc t i  on i n  f u e l  consumption. 

Fundamental d i s c i p l i n e  research w i  11 prov ide bas1 c 1 nformatf  on and under- 
s tanding needed f o r  i n i t i a t i n g  programs t o  develop technology f o r  advanced 
components. It w i l l  be focused on improvement o f  l i g h t w e i g h t  and h i g h -  
temperature ma te r ia l s ;  improvement o f  s t r u c t u r a l  design techniques; 
computational f l u i d  dynamics t o  descr ibe three-dimensf onal viscous f l o w  f i e l d s  
I n  turbomachinery, i n c l  ud3ng heat t r a n s f e r  and t u r b i n e  coo l ing ;  and f i b e r  
o p t i c s  f o r  use i n  t r a n s f e r r i n g  in fo rmat ion .  It a lso  w i l l  address system 
dynamics re la ted  t o  optimum engine c o n t r o l  and recovery from engine s t a l l .  

Improvements i n  techniques f o r  p r e d i c t i n g  f l o w  f i e l d s  and i n  methods f o r  
ana lyz ing  advanced mater i  a1 s and s t ruc tu res  w i  11 prov ide turbomachi nery having 
n i  yher speed, g rea ter  e f f i c i ency ,  and 1 ess weight . More accurate a n a l y t i c a l  
p r e d i c t i o n s  wi l l  reduce the  t ime and cost o f  development t e s t i n g ,  and b e t t e r  
understanding o f  system dynamics and con t ro l  w i l l  a l low each engi ne t o  prov ide 
maximum performance wi thout  exceeding I t s  l i m f t s  or  encounter ing nonrecovera- 
b l e  s t a l l .  The ne t  r e s u l t  w i l l  be engfnes w i t h  h ighar  performance, l i g h t e r  
weight, and lower development and opera t ing  costs. 



Av ia t i on  Safety 

The ob jec t1  ve o f  OAST's e v i  a t i o n  sa fc t y  and opora t l  ng systems research 
prograin i s  t o  i n c r e a s e  t h c  s a f c t y  o f  f l j g h t  f o r  a l l  t y p e s  o f  a i r c r a f t .  
fiesearch r e l a t e d  t o  metctorologi cn l  hazards I s  one major ac t1  v l  t y  under t h a t  
program. I t  I s  focused on the de tec t i on  and avoidance of severe storm hazards 
such as l i g h t n i n g  s t r i kes ,  wind shear, turbulence, and i c f n g ,  as w e l l  as on 
t h e  e f f e c t  s f  thosc hazards on a i r c r a f t  encounter ing them, Future cmphasls 
w l l l  be placed on a i rborne de tec t i on  o f  thosc hazards and on de tcc t l on  o f  wake 
vor t i ces .  Al so t o  brt pursued more vigorously i s  dovelopmont o f  analysfs 
techniques f o r  detcrminlng t h e  e f f e c t s  of weather on a i r c r a f t  perfor~nance and 
the  degradation t h a t  weather7 hazards such as l i g h t n i n g  can i n f l i c t  on f l i g h t  
systerns dnd mater ia ls .  The resu l  t l n g  knowlcdyc w l l l  permi t  the destgn o f  
a1 r c r n f t  b e t t e r  able t o  wl thstand many o f  t he  hazards o f  encounters w i t h  
severe weather. 

Research i s  under way t o  develop a i r c r a f t  cabin m a t e r i a l s  w i t h  greater  
f l  r e  res is tance,  a i  r c r a f t  w i t h  greater  crash worthiness, and sa fe r  f u e l s  i n  
o rder  t o  reduce f a t a l i t i e s  and trauma j n j u r l e s  from crashes and f i r e s ,  Data 
from f u l l  -scale crash t e s t s  w i l  I provide InformatSon needed t o  analyze the  
f a i  1 ure mode of many a i  r c r a f t  cabi n components a f f e c t i n g  human surv l  vabi 1 I t y  . 
The rosul  t s  w i  11 a l low the design and development o f  cabin s t ruc tu res  having 
greater  crash worthiness irnd f l  r e  r e s l  stance, 

Past research  on a i r c r a f t  s t a l l  and sp in  concentrated on us ing models and 
f u l l - s c a l e  a l r c r a f t  l o  develop an experimental data base. Emphasis now i s  on 
development o f  a n a l y t i c a l  techniques for p r e d i c t i n g  a i r c r a f t  s t a l l  and sp in  
charac ter i  s t i  cs and on es tab l  i shi  ng re1 i ab'l e desl gn methods. Future research 
w i  11 focus on designs f o r  t w i  n-engi ne a1 r c r a f t  and extension of s i  nglc-engl ne 
p r e d i c t l o n  methods and mod1 f i c a t i o n s  t o  the  t w l  n configuration. I t  a lso  w l l l  
i nc lude development o f  methods t o  analyze separated f low on three-dimensional 
wfngs, automatic sp in prevent ion systems, and the  e f f e c t s  o f  advanced a i r f o i  l 
designs on res is tance t o  s t a l l  and spin. 

F l i g h t  management and hunian engl n e e d  ng research w l l l  expl o i  t advances I n  
e l e c t r o n i c  technology t o  es tab l  i st1 new concepts i n  f l i g h t  s t a t i o n  design t h a t  
w l l l  provide sa fer  and more e f f i c i e n t  system operat.lon. Because the  f l i g h t  
s t a l l o n  i s  t h e  p l a c e  where the p i l o t  must i n t e r f a c e  w i t h  v i r t u a l l y  a l l  
a i r c r a f t  systems and the  a i r *  t r a f f i c  con t ro l  system, development o f  the f l i  yht  
s t a t i o n  should precede design o f  the  r e s t  o f  the a i r c r a f t .  O f  pr imary concern 
i s  how much automation i s  needed and how much i s  optimum. A l t e r n a t i v e  con t ro l  
and d isp lay  devices, formats, procedures, and mode swi tch ing  t o  opt imize 
f l i g h t  s t a t i o n  design k r i l l  be assessed f o r  t h e i r  e f f e c t  on crew performance. 

Current Program--New Di r e c t i  ons and E~nphasi s 

The elements constituting t h e  cur ren t  program r e f l e c t  t he  need t o  cont inue 
work i n  the  bas1 c aeronaut1 c a l  d i  sc i  p l  i nes and i n  systenls research; ma! ntaJ n 
specialized f a c i l j t i e s  essen t i a l  Lo aeronaut ica l  research; and develop 
technology of h igh  p o t e n t i a l  payof f  t o  t he  Nation. 

The emphasis o f  f l u i d  and thermal physics research w i l l  cont inue t o  be on 
cryogenl c t e s t i n g  a t  h igh  Reynolds numbers and reduct ion o f  t u rbu len t  drag. 
Add i t iona l  emphasis w i  11 be g iven  t o  advanced appl f ca t i ons  o f  computatf onal 



nerodyna~nlcs t o  i n v o s t i g 8 t c  v o r t e x  f l ows  and t o  model goomatr lca l  l y  , and 
gancra ta  g r i d s  f o r ,  complax a1 r c r a f t  c o n f i  g u r n t l  ons. 

Mato r l  a1 s and s t r u c t u r e s  nctf v f  ti cs wt 11 btt cnncen t rn tad  on 11 g b t  d l  l oy 
meta ls ,  new composite m n t o ~ i a l  s, and tho  crash dynamics o f  coapos i to  
s t r u c t u r e s .  

Rosaarch i n  c o n t r o l s ,  guidance, aird human f a c t o r s  w l l l  f ocus  on the  f l y i n g  
q u a l i t l o s  o f  a i r c r a f t  w i t h  h l g h l y  au~jmented c o n t r o l s ;  methods f o r  va l  l d a t i n g  
f a u l t u t o l o r a n t  systorns; human F a c t o r s  connoc tod  w I t h  a u t o n m t l o n  o f  c rew  
s t a t l o n s ,  l n c l  u d i  ng crow i n f o r m a t i o n  gerleratod by computers and d isp layed  on 
cathode ray tubcs ;  and davalopmont o f  t ~ c h n o l o g y  t o  improve t he  f f d e l  I ty o f  
s imu la t i ons .  

The m a j o r  a r e a s  o f  emphas is  i n  computer s c i e n c e  w i l l  be  c o n c u r r e n t  
p rocess ing  arch1 t ec tu res ,  a l  ga r  l thms , arid t e c h n l  ques t o  suppor t  t he  Agency's 
computat iona l  phys i cs  research. The research base f o r  t h i  s c r i t i c a l  area wi 11 
be p rov jded  by t h e  u n i v e r s i t i e s  and t he  two computer sc fenca rcscarch  i n s t i -  
t u t e s  mentioned e a r l i e r ,  t h e  I n s t i t u t e  f o r  Computer Appl- icatlons i n  Science 
and Engineer ing a t  Langley Research Center and the Research I n s t i t u t e  fo r  
Advanced Computer Science near  Ames Research Center.  

I n  propul  s i  on, empt, ~ s i  s w i  11 be on advanced tu rboprop  systems, engi  ne 
t echno l  ogy f o r  genera l  a v i a t i o n  and commuter a1 r c r a f t  , engine dynamics , and 
s t a l l  recovery,  

I n  advanced tu rboprop  systems, NASA i s  conduct1 ng a broad-based research 
and technol  ogy development prngraln f o r  s i  ng l  c- and c o u n t e r - r o t a t  t ng p rope l  - 
lers ,  d r i v e  systems, and a i r c r a f t  f o r  a new genera t ion  o f  advanced, h igh-  
speed, fuel  - e f f  i c i  ent a1 l V c r a f t  . The program emphasi zes des i  gn , f a b r i  ca t1  on, 
and ground t e s t s  ID prepara t fon  for  F l  l g h t  research t o  eva lua te  and c o r r e l a t e  
t h e  s t r u c t u r a l  i n t e g r i t y  dnd acous t i c  charac te r1  s t i e s  of a single-rotating, 
1 arge-scale ( n i n e - f o o t  d i ame te r ) ,  l ~ i g h l y  swept p rope l  1 e r .  Pre1 im ina ry  
l n v e s t l g a t i o n s  a1 so w i l l  be conducted o f  un i  yue c o n f i g u r a t i o n s  o f  gear less,  
c o u n t e r - r o t a t i  ng propfans. Suppor t jng  t ech r~o logy  I s  be ing  developed bo th  
i nliouse and 1 n I n d u s t r y  i n  p rop fan  aerodynami cs  , acousdi cs  , and s t r u c t u r e s  ; 
a i r c r a f t  cab in  env i  ronnient; and aerodynamic I n t e g r a t i o n  and i n n o v a t i v e  
i n s t a l  1 a t i o n  arrangements. 

R o t o r c r a f t  research  w i l l  s t r e s s  t h e  r e d u c t i o n  o f  n o i s e  and v i b r a t f a n  and 
the  unsteady aerodynafii ics o f  r o t o r s ,  

High-performance a i r c r a f t  research  w l l  1 concen t ra te  on f l  i gh t  a t  h i g h  
ang les  of a t t a c k  ; vectored t h r u s t  a l  r c r a f t  ; maneuverable, supersonic c ru i se ,  
s h o r t  t a k e o f f  and v e r t i c a l  l a n d i n g  a i r c r a f t ;  hypersonic  p ropu l s i on ;  s t r u c t u r e s  
and c o n f i g u r a t i o n  aerodynamics; and propul  s i  on-ai  r f rame i n t e g r a t i o n  . E f f o r t  
a1 so w l l l  be made t o  increase t h e  performance and d u r a b i l i t y  o f  t u r b i n e  engine 
h o t  sec t1  ons. 

The emphasis o f  subsonic a1 r c r a f t  research  w i l l  be on technology f o r  
advanced  c o m p o s i t e  s t r u c t u r e s ,  r e s e a r c h  on i c i n g  and l i g h t n i n g  s t r l k e s ,  
n a t u r a l  and c o n t r o l l e d  laminar  f l ow ,  and, i n  c o o r d i n a t i o n  w i t h  t h e  Federal  
A v i  a t i o n  Adml n i  s t r a t i  on, improvement of a i r  ope ra t i ons  and a i r  safe ty .  



Technological  progress d u r i n g  t h e  p a s t  yan r  has perm1 t t c d  work t o  bcgIn on 
t h r a c  o f  t h e  new i n l t i a t l v c s  proposed I n  lust year's Aeronnul ics  p lan,  Those 
I n l  t l a t l v c s  and how they r e l a t e  t o  t h o  technology o h j o c t l v c s  doscr l  bed i n  
Sect ion C are descr lbod bclow, 

1, Numcrlcal Aerodynanilc Simulation - 
Tho Numcrlcal Aerodynamic S imu la t ion  (NAS) systern wi 11 make poss l  b l e  t h e  

s o l  u t l o n  o f  h c r o t o f o r c  I n t r a c t a b l e  problems I n  computat ional  f l u i d  dynamics 
and o the r  arcas o f  enmputat!onal physics.  I t  w411 be assembled from eo~nmerci- 
a l l y  a v a i  t a b l e  equf pment and designed t o  bo user f r l o n d l y ,  It even tua l l y  w l l l  
con ta l n  a t  I e o s t  two high-speed s c l e n t l  f I c  processors, The f l   st processor 
w i l l  be procured i n  F; 1985, and fol low-on processors w i l l  bc aequlred as the 
s t a t e  of  t h e  a r t  advances. As shown bg Flgure V I I I - 1 ,  1IAS i s  expected t o  be 
i n  p a r t i a l  opera t ion  I n  l a t e  FY 1985 and f u l l l y  ope ra t i ona l  i n  FY 1987. It 
w i l l  be l o c a t e d  a t  Ames Research Center and w l l l  be s v a f l a b l e  t o  researchers 
f rom I n d u s t r y ,  t h e  u n i v e r s i t i e s ,  and o t h o r  government agencies, as we l l  as 
f rom NASA, I t s  f e a t u r e s  w l l l  I n c l u d o  g r a p h t c s  s t a t l o n s  where u s e r s  can  
v l  sua l l  ze q u i c k l y  t h o  phys i ca l  processes t hey  s lmulato,  work s t a t I o n s  designed 
t o  opt lmize t h e  human-computer I n t e r f a c e ,  t e l acom iun i ca t i ons  w l  t h  s a t e l  11 t e  
r e l ays  t o  l l n k  i t  t o  relnote users, a l a r g e  data-base mass storage, and a f a s t  
network l i n k i n g  i t s  elements. 

NAS w i  9 1 p l a y  an In rpo r tan t  r o l e  i n  a1 I phases o f  aeronaut i ca l  research and 
developmentm I n  bas lc  research, I t  w i l l  make crssible s o l u t ~ o n s  of  t he  f u l l  
N a v l ~ r - S t o k e s  equat i  ons and thereby r e v e a f  underly!  ng mechani sms o f  
turbulence, f l o w  separation and reattachment, and aerodynamic not se. It wi 11 
perrnl t deeper exa~ni n a t i o n  o f  many niore p r e l  im lna ry  des l  gn a1 t a r n a t 1  ves than 
c u r r e n t l y  i s  possf b l e ,  1 ead-I ng t o  g rea te r  r e f 1  nement o f  i n l  ti a1 desI  gns be fo re  
t h e  s t a r t  of  c o s t l y  dnd time-consuming wind tunnel  t e s t s ,  Than, a f t e r  va l  I d a -  
t i o n  o f  des igns by wind tunne l  t e s t s ,  i t  w i l l  be ab le  t o  handle tcchnlques f o r  
op t im i z i ng  t h e  configurations t h a t  show prornl se, account! ng simultaneously f o r  
a l l  co~nponents  o f  a d e s i g n  i n  combination. I t  a1 so w l l l  a l l o w  s I m l l s r  
advances i n  o t h e r  con~putat 1 anal  l y  I n t  ensi  ve d i  sc l  p l  i nes, 

Advanced Composite S t ruc tu res  Techno1 ogy 

This program's o b j e c t i v e  i s t o  extend t h e  techno1 ogy f o r  compost t e  s t r u c -  
t u r e s  by develop lng data and generfc approaches t o  des ign t h a t  w i l l  make 
p o s s i b l e  t h e  use  o f  c o m p o s i t e  s t r u c t u r e s  as segments o f  t h e  w ings  and 
fuse1 ages o f  1 arge t r a n s p o r t  a i  r c r a f t  , Concentrated 1 oads, jmpdct damage, and 
t h e  perfonrtance o f  t h i c k  laminated j o t  n t s  w i l l  be spec la l  areas f o r  emphasis, 
A1 so t o  be 1 n c l  uded a re  development and de te r in ina t i  on o f  t h e  c h a r a c t e r i  s t 1  cs 
o f  tough composites t h a t  can w i ths tand  h i g h  work ing s t r a i n s  and t h a t  have good 
res is tance  t o  impact damage, 

As shown by F igure  VIII-2, a t t e n t i o n  f i r s t  w i l l  be given t o  t h e  design, 
development  , and t e s t  1 n g  o f  sma l l  c r i  t i  c a l  components,  Deve l  opment o f  
d e t a i l e d  d e s i g n s  by 1987 and t h e n  f a b r i c a t i o n  o f  f u l l - s l z e  s e c t i o n s  ~f 
a i r c r a f t  s t r u c t u r e s  by 1988 Nill f o l l o w .  To be completed i n  1989 a re  ground 
t e s t s  o f  moderately l a r g e  sec t ions  o f  wing and fuse lage panels  t o  v e r i f y  t h e  
designs o f  those  sec t lons  and t h e  a n a l y s i s  procedures used i n  t h e i r  design, 
A l s o  i n  1989, t h e  performance o f  composite s t ruc tures  under very h i g h  and 
repeated loads  w i  1 l be evaluated.  
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Tha o b j o c t l v o  o f  t h i s  program i s  t o  demonstrate technology f o r  tho  X-wlng 
r o t o r  through proof-ofwconcept flights w i t h  thc Rotor Sys te~n"Jcson~sh 
A i r c r a f t  (RSRA) .  Tho X-wlng r o t o r  i s  a four-blndod, extremely s t l f f  r o t o r  
whoso l i f t  and r o t o r  con t ro l  a rc  produsad by c l r c u l n t ~ o n  con t ro l  aorodynamics, 
I t  i s  stoppable I n  F l  l g h t  t o  hocomc two forward swopt and two e f t  swopt f l xed  
w ings  I n  an X c o r r f i g u r a t l o n ,  Tho RSRA w t l l  bo c o n f i g u r a d  a s  a compound 
he l l cop tas  w i t h  an X-wing r o t o r  system powered by two Gcncral E lec t r i c :  T-58 
enginas and t h r u s t  provldcd by two TF-34 turbofans I n  tho stoppod r o t o r  moda, 
Cont ro l  o f  the  r o t o r  w i l l  be by a d l g i  t a l  f l y -bya~wl rc  system using hlgher 
harmonlc cont ro l  and hub moment feedback. 

As Figure  V I I I - 3  shows, the  program cons is ts  o f  deslgn, fabrication, 
installation, ground t e s t s ,  and f l i g h t  t e s t s  o f  an X-wing r o t o r  systarn 
f o l l o w e d  by m o d l f l c a t i o n  o f  t h e  RSRA and renewed b a s l c  resea rch ,  That 
complcto sequence o f  a c t l v i  t i e s  wlll be supported by analys is ,  wlnd tunciel 
t e s t s ,  and s lmulat lon,  Tho r e s u l t s  from t l i i s  program, together  w i t h  those 
f r o m  the  DOD-NASA C o n v e r t i b l e  Englne program and t ho  DOD No T n f l  Ro to r  
prograsl, w i l l  provide the technology base f o r  a f u tu re  X-wing a i r c r a f t ,  

F.  Future In1 L l  a t1  ves 

The i n i t i a t i v e s  d e s c r i b e d  below a r e  p lanned a s  augmcnta t jons  t o  t h o  
c u r r e n t  aeronautics research and techno1 sgy development program t o  f a c i  1  i t n t e  
r e a l l  zat lon of t he  technology object1 ves 11 sted e a r l l e r ,  They update and, i n  
some cases, replace the i n l t i a t l v e s  i n  l a s t  year 's  plan. Sorne of them w i l l  be 
proposed as adjustrnonts t o  cur ren t  programs described I n  Sect ion D o f  t h i s  
c h a p t e r ,  some a r c  proposed as new program elements,  and o t h e r s  would bo 
conducted w i t h i n  the  Research and Technology Base funding l i n e  of the budget, 
I n l t i a t l o n  o f  these proposcd a c t i v i t i e s  w d l l  depend on f u t u r e  budget l e v e l s  
and program p r i  o r i  t I es . 
1. Advanced Turboprop Large-Scale Systems Research 

T h i s  augmentation w i l l  p rov lde f o r  f l l g h t  t e s t i n g ,  by as e a r l g  as 1987, a 
large-scale advanced p rope l l e r  (propfan) t o  evaluate and c o r r e l a t e  i t s  
s t r u c t i ~ r a l  I n t e g r i t y  and acoust ic  c h a r a c t e r i s t i c s .  Nel t h e r  f a c t o r  can be 
addressed adequa te l y  i n  t h e  smal l  - s c a l e  model t e s t s  t h a t  have  l a l d  t h e  
foundatlon f o r  t h l s  f l i g h t  t es t i ng .  A second major a c t i v i t y  w i l l  br? the  
l arge-scale, proof-of-concept t e s t 1  ng o f  a  unl que, coun te r - ro ta t i  ng, unductcd 
fan  propuls ion system, which w l l l  provfde the  add i t i ona l  5- t o  8 lpercent  
increase I n  f u e l  savings o f  counter - ro ta t lon  wh i l e  e l i m i n a t i n g  the  need f o r  a 
h l  gh-power gearbox. A 9-f00t  diameter advanced p rope l l e r  i n teg ra ted  w i t h  a  
f l i g h t w o r t h y  n a c e l l e  and semispan wing w i l l  be t e s t e d  I n  t h e  40x80- foo t  
l e g  o f  the 40X80X120-foot low-speed wind tunnel  a t  Ames Research Center, and 
then w l l l  be mounted on the  winy o f  a mod4 f l ed  Gul fstream 11 tes tbed a i r c r a f t  
arid f lown over  a wide range o f  f l i g h t  c o n d i t i o n s  up t o  and beyond t h e  
prope l  l o r ' s  high-speed design p o i n t  . Subsequent f l i g h t  t e s t s  w i  11 evaluate 
a i  r c r a f t  system mod4 f i c a t i o n s  t o  achieve cabin noise and v i  b r a t l o n  l e v e l  s  
equ iva len t  t o  those o f  modern turbofan-powered a l  r c t1a f t .  I n  addl t l  on, the  
unducted fan propuls ion system w i l l  be ground tes ted ,  us lng a mod1 f l e d  F404 
engine as a research testbed, 
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2 ,  Transonl c-Suporsoni c Ob l i  que Wing T e c h n o l u  

The o b j e c t f v o  o f  t h i s  I n l t l a t i v c  i s  t o  extend t h e  technology f o r  ob l i que  
wings t o  I nc l ude  t r anson i c  and supersonlc s ocds. Subsonlc, t ranson le ,  and 
supersonic wind-tunnel t e s t s  on models and F i' i g h t  t e s t s  o f  a subsonic o b l i q u e  
w ing  a i r c r a f t ,  the AD- I ,  have established a f i r r n  data base f o r  the aerodynam- 
i c ,  s t r u c t u r a l  and f l l  g h t  c o n t r o l  , and hand1 i ng c l ~ a r a c t c r  I s t f  c s  o f  ob l  l qutl 
wlngs, Howcver, addi  t i o n a l  f l i g h t  research 1 s needed i n  t he  t r anson i c  speed 
r e g i m e  because I t  i s  t h e r e  t h a t  t h e  o b l  tque w!ng prorni scs t h e  g r e a t e s t  
b e n e f i t s  f o r  DOD misstons, t o  meet t h a t  need, a h fgh-p~r fo rn iance  m i l i t a r y  
r t i  r c r a f t  w l l  1 bo mod1 fi ed by 4 nco rpo ra t i  ng a new, compost cc, aeroe l  a s t i  c 
o b l i q u e  wlng and r e l a t e d  actuation, c o n t r o l ,  and othor  systems f o r  use i n  
f l i g h t  research a t  speeds up t o  a t  l e a s t  Mach 1,2, That research w i l l  y l e l d  
aerodynamic pr?rfnrmancc and s t a b i  l i t y  and c o n t r o l  d a t a  t o  daterml no whethw 
the concept o f  a t ransonic-supersonic  wing i s  v a l i d .  

3. R o t o r c r a f t  Systems Noise 

Emerg l  ng  devel opmenls i n  a c o u s t i c  r e s e a r c h  f o r  r u t o r c r a f t  r e q u i  r e  a 
r e 1  i ab l  e, comprehensi ve data base f o r  demonstrat ing t h e  f c a s i  b l 1  i ty  o f  
i n t e g r a t l n g  expected changes 1 n r o t o r c r a f t  t o  decrease t he  n o i  se they  
generate.  To acqu i re  t h a t  da ta  base, t h r e e  NASA centers  w i l l  cooperate t o  
msasure corr~p lete ly  t h e  no ise  l e v e l  s i n s i d e  and oui;side a modern, f ou r -b l  aded 
h e l l  copter ,  as w e l l  as those generated by i t s  t ransmtssien, The work w i  11 be 
c o o r d l  nated w i t h  DDD and t h e  Federal  A v l  a t i  on Admi n j  s t r a t i  on and wi 11 e x p l o i t  
r e s u l t s  the  Army obtaJns ir l  9 t s  I n teg ra ted  Technology Rotor program. The data 
on no ise  l e v e l s  ou t s i de  the  a i r c r a f t  must be o f  p rec i se  q u a l i t y ,  must be 
measured over t h e  f u l l  hemisphere beneath t h e  a i r c r a f t ,  and must be 
coord ina ted  w i t h  F u l l  data on b lade  loads and from mon f to r i ng  w j t h f n  t he  
cockp i  t . W i  nd tunnel  t e s t s  o f  f u l l  - and smal l  -seal e models wi 11 demonstrate 
whether the r e s u l t s  from such t e s t s  can be used f o r  c e r t i f i c a t i o n  purposes. 
Then t e s t s  t o  assess the decrease i n  no ise l e v e l s  produced by i n t e g r a t i n g  
v a r l  ous no i  se-reduct ion design fea tu res  w i l l  be conduc,t;ed w i t h  a new research 
r o t o r  the  Army i s  developing. 

4. C r i  t i  ca1 A c t i  ve F l i g h t  Cont ro ls  

T h i  s mul t i cenLer  i n i t i a t i  ve t o  develop technology f o r  f a u l  t - t o l e r a n t  
a c t i v e  c o n t r * o l s  f a r  c l v i l  and m i l i t a r y  a i r c r a f t  w i l l  f o c u s  on f u r t h e r  
development o f  a c t i v e  c o n t r o l  a lgor i thms,  design o a r c h i t e c t u r e s  f o r  
f a u l t - t o a l e r a n t  e lec tc  on ic  systems, and v e r i  f i  c a t i o n  and va l  i d a t l o n  o f  the  
i n t e g r a t e d  a i  r c r a f t  and f a u l t - t o l e r a n t  act1 ve c o n t r o l  system. Requirements 
w i l l  be fo rmu la ted  and algorbi thms and des ign t o o l s  w i l l  be developed fo r  
a c t i v e  c o n t r o l  systems f o r  bo th  c i  v i  1 and h i  gh-performance m i  11 t a r y  a i r c r a f t  , 
The accuracy o f  c u r r e n t  c o n t r o l  laws w i l l  be v e r i f i e d  through s imu la t i on ,  wind 
t u i ~ n e l  t e s t i n g ,  and f l  i g h t  t e s t j n g .  A rch i t ec tu res  f o r  e l e c t r o n i c  systems 
t h a t  a re  c r u c i a l  t o  sa fe t y  o f  f l i g h t  w i l l  be formulated and v a l i d a t e d  by 
analyses, simulation-emu1 a t i on ,  and f l i g h t  t es t4  ng t o  determine t h e i r  a b i l  1 t y  
t o  implement t h e  c o n t r o l  laws r e l i a b l y .  

5. S t r u c t u r a l  Ceramics f o r  Turb ine Engine5 

The performance, durabi  1 i ty, and replacement cos ts  o f  gas t u r b i  ne engines 
depend l a r g e l y  on  t h e  m a t e r i a l s  used i n  h o t - s e c t i o n  components and t h e  



processes by whlch those cornponen'ts are fabr ica ted ,  Ceramic materi  a1 s have 
t h e  po ten t i a l  t o  p rov i  de greater h i  gh-temperature st rength,  lower dons1 t y ,  
lower cost, and greater  co r ros ion  res is tance than do current: mater ia ls ;  and 
t h e y  have t h e  added advantage t h a t  t h e y  c o n t a i n  no s t r a t e g i c  m a t e r i a l s .  
Conscqucntly, t h i s  In1 t i a t i  ve w i  11 seek t o  develop tire technology needed for 
r c l  i able cerami c  components such as t u rb ine  bl ades, abradable seal s, vanes, 
coinbustor 1  lners ,  and coat ings made o f  s i l i c o n  carblde, s l ' l  i c o n  n.i t r l d c ,  and 
z j rcon ia .  The cmphasfs o f  t h f s  i n i t i a t i v e  w i l l  be on removing the  principal 
irnpcdiments t o  expanded use o f  ceramics :  p o o r  r e p r o d u c f b i l i t y  and poo r  
r e l i a b i  l i l y .  

6. Su_p_eraugmentad Ro to rc ra f t  

T h i s  i n i t i a t i v e  w i l l  address two re la ted  needs: t h a t  o f  the  c i v i l  sector  
f o r  a  he l i cop te r  able t o  operate a t  remote s i t e s  and t o  prov ide emergency 
medical services, and t h a t  o f  000 f o r  a s i n g l e - p i l o t  13ght he l i cop te r .  The 
p lanned  appruach J s  t o  a c h i e v e  an a l l - w e a t h e r  o p e r a t i o n a l  c a p a b i l i t y  by 
developing and eval ua t ing  techfrology f o r  i n t e g r a t i n g  f l  l g h t  con t ro l  s, propul -  
s i o n  cont ro ls ,  and guidance systems. The p r o j e c t  w i  11 take advar'lage o f  and 
be complementary t o  the Army's Advanced Ro to rc ra f t  Technology In teg ra t i on  
ptq9gram; make use o f  analyses, s imulat fon,  and f l igh t ;  t e s t s  i n  a  modern Army 
t e s t  he1 i c o p t e r ;  and e x p l o i t  exf s t i n g  mfcroe lec t ron ics  technology, It wf 11 
seek concepts f o r  i n t e g r a t i n g  f l  i g h t  and propuls ion con t ro l  s; apply a c t l v e  
controls; develop and evaluate mu l t i spec t ra l  tniaging coneepts t o  provide a 
zero v l  sf bf 1  i t y  approach, I andl ng , and t a x i  capabi l  i t y  ; and develop desi gn 
c r l  t e r i a  f o r  integrating c o n t r o l  , guidance, and nav iga t ion  systems, w f t h  
emphasis on the  i n t e r f a c e  between t h e  p i l o t  and the  integrated system. 

7. Laminar Flow Wing F l i g h t  Research 

T h i s  i n i t i a t i v e  w i l l  t r y  t o  develop technology t h a t  w i l l  lead t o  laminar 
f l o w  systems f o r  t ranspor t  a1 r c r a f t .  New mater ia l  s ,  f a b r i c a t i o n  methods, 
ana lys i  s technlqucs, and desf gn concepts prov ide  convl n c l  ng e v l  dence t h a t  such 
systems are prac t icab le .  i f  p o s i t i v e  r e s u l t s  are obtained f ram wing lead ing  
edge and va r iab le  sweep transition f l i g h t  t e s t s  now under way and planned, t he  
p r a c t i  c a l  i t y  o f  achf ev i  ng more extensi  ve 1 ami n a r i  z a t i  on I n  f 1  i g h t  can be 
explorsd. Se lec t ion  o f  concepts f o r  f u l l  -chord f l i g h t  research w i l l  be based 
on the  r e s u l t s  o f  the v a r l a b l e  sweep t r a n s i t f o n  f l i g h t  t e s t s  and on 
aerodynamic design studies o f  laminar  f low wings, A DC-9 c lass  o f  t ranspor t  
w i t h  gloves t o  produce laminar f l o w  c u r r e n t l y  i s  expected t o  serve as a  t e s t  
bed. Gloves t o  produce natura l  laminar  f low, laminar f l ow  con t ro l ,  and hyb r id  
lamin?r  flow con t ro l  could be inc luded t o  permi t  f l i g h t  research i n  c r u c i a l  
problen; areas, eva l  uate re1 l ab1  1  i t y  and ~na i  n t a i  nabi 1  f l y  , and ga in  experience 
w l  t h  a c ~ u a l  f l  i ght  operations. 

8. Sn~al I -Engi ne Component Techno1 ogy 

The Small  Engine Component Technology program wlll be a  focus  f o r  
.echnol ogy development f o r  small -engine components throughout 000 and 
ndustry, I t  w i l l  prov ide fundamental understanding o f  and an ana ly t i ca l  data 

base f o r  f low phenomena and heat t r a n s f e r  f n  small compressors, combustors, 
and turb ines,  I t  a lso  w i l l  develop a n a l y t i c a l  techniques f o r  use i n  designing 
advanced components t o  decrease the  weight and increase the thermal 
e f f i c i ency ,  re1 i abf 1  i t y  , and d u r a b i l i t y  o f  s m a l l  t u rb ine  engines sui tab1 e f o r  



use i n  r o t o r c r a f t ,  commuter and genera l  av1a t i  on a i  r c r a f  t , c r u i  se mj s s i l  os , 
and aux i  1 i a r y  power u n i t s ,  I t s  omphasi s w i l l  be on d o f i n i  ng, devel  opf ng, and 
q u a n t i  f y l n g  design tochniquos t o  ~n fn im f  ze t he  adverse e f f e c t s  o f  smal l  s ize,  

9, A i r c r a f t  E l e c t r i  c Power - Systems Technology 

T h i s  i n 1  t i a t i v e  wf 11 be a m u l t i c e n t e r  one t o  develop a technology founda- 
ti on f o r  a1 r c r a f t  w l  t h  e l e c t r i c  secondary power systems and fa111 t - to lereant 
f l  i g h t  con t ro ls .  Emphasis w i  11 be on f a u l  t - t o l e r a n t  s y s t e m ,  sal idr i  urn-cobs1 t 
motors ,  power condi ti oning , and elect ro~nechani  c a l  ac tua tors  w i t h  h igh-  
f r e q u e n c y  response .  I t  w l  1 1  span t h e  r e s e a r c h  spec t rum f r o n ~  1 a b o r a t o r y  
i n v e s t i g a t i o n s  through f l  1 ght  research, 

10. Supersonl c Shor t  Takeoff and V e r t i  c d l  Landing Techno1 ogy 

T h i s  i n i t i a t i v e ' s  o b j e c t i v e  i s  t o  develop a technology base f o r  advanced, 
supersonic ,  shor t  t a k e o f f  and v e r t i c a l  1 anding f i  gh te rs ,  That technology base 
i s  needed f o r  a new g e n e r a t i o n  o f  h fgh -pe r fo rmance  f f g h t e r s  c a p a b l e  o f  
o p e r a t i n g  from a  v a r i e t y  o f  sur faces,  i n c l u d i n g  damaged runways and the  decks 
o f  smal l  ships. Such f i g h t e r s  a l s o  cou ld  be used t o  inc rease  s o r t l e  r a t e s  
f r om l a r g e  a i  r c r a f t  c a r r i e r s  and t o  enhance i n f l i g h t  maneuverabi il ty, The 
activities under t h i s  i n i t i a t i v e  w i l l  be I n  f o u r  phases: p r e l i m i n a r y  des ign 
s t u d i e s  on several  concepts, t e s t i n g  o f  models and components t o  v a l i d a t e  t h e  
c r i t i c a l  elements o f  t h e  c ~ n c e p t s  se lected,  designing and bui  l d l n g  an 
~ x p e r l m e n t a l  a1 r c r a f t  f o r  conduct ing p roo f -o f  -concept and f l  i ght  t e s t s ,  and 
use o f  t h e  a i r c r a f t  i n  a  f l i g h t - r e s e a r c h  and exper iments program. 

11. High-Performance A i  r c r a f t  

Research w i l l  be conducted on t h e  con t ro l  1 ab i  1 i ty  , handl i ng qual i t i e s ,  and 
s a f e t y  o f  high-performance a i r c r a f t  opera t ing  a t  t h e  extremes o f  t h e i r  f l i g h t  
envelopes. Operat ion a t  h igh angles o f  a t t ack  and w i t h  vo r t ex  l i f t  w i l l  be 
i n v e s t i g a t e d ,  Theo re t i ca l  a n a l y s i s  w i  11 use nonl  f  near mathematical model s t o  
p r e d i c t  t he  fo rces  and moments on maneuvering veh ic les .  Wind tunne l  t e s t s  
w i l l  be fo l lowed by f l i g h t  tests  t o  v a l i d a t e  t h e  ground-based research and 
assess con t ro l  1  ab i  1  i t y  , handl i ng qual  i t i e s ,  and human fac to r s .  Contro l  I aws 
and sensors w i l l  be developed t o  improve the  f l y i n g  q u a l i t i e s ,  sa fe ty ,  and 
o p e r a t i o n  a t  h i gh  angles o f  a t t a c k  o f  a i r c r a f t  c o n t r o l l e d  by f u l l - a u t h o r i t y  
d i g i t a l  f l i g h t  c o n t r o l  syste~ns. 

12, Hypersonic Engi n~ Te~hno logy  

T h i s  i n i t i a t i v e  w i  11 conduct ground t e s t s  and supersonlc f l  Jght  
e v a l u a t i o n s  t o  develop and extend a data base t o  cover the  f u l l  range o f  
f l i g h t  cond i t ions  and speeds f o r  an i n teg ra ted ,  dual  -mode, supersonic 
c o m b u s t i o n  r a m j e t  ( s c r a m j e t )  e n g i n e .  The s p e c i f i c  t a s k s  p l a n n e d  a r e  t o  
des ign,  f ab r i ca te ,  and b u i l d  two engines; conduct a  s e r i e s  o f  ground-based 
t e s t s  o f  t he  engines i n  NASA's  8 - foo t  High Temperature S t ruc tu res  Tunnel ; 
a c q u i r e  a supersonic a i r c r a f t  and mod i f y  i t  f o r  c a p t i v e  f l i g h t  t e s t i n g  o f  t he  
engSnes ; conduct supersonic f l j g h t  t e s t s  across t h e  t e s t  a i r c r a f t ' s  e n t i  r e  
speed, a1 ti tude, angl  e-of -a t tack,  and turbu lence range; and s tudy  opt1 ons f o r  
f r c e  f l i g h t  t e s t s  o f  t h e  engines. 



13, R o t o r c r a f t  V i b r a t i o n  Research 

T!?ls I n i t i a t i v e  w i l l  focus on tcchnlquos f o r  p r e d i c t i n g  tho v i b r a t i o n  t h a t  
coupled a1 r f rarncs and r o t o r s  w i l l  experience and on advanced technology f o r  
reduc ing  t h e  v l  b r a t l o n ,  The f i  rst Focus w i l l  be t o  e x p l o i  t the p o t e n t i a l  o f  
modern a n a l y t l  c a l  techniques such as f i n 1  to-element a n a l y s i s  t o  p r e d i c t  t h e  
v 4 b r a t l o n  spectrum of new r o t o r c r a f t  d u r i n g  t h e i r  design. The second focus 
w i l  1 be on advanced techno1 ogy t o  reduce v l  b r a t i  on 1 eve1 s th rough  i n t e g r a t i o n  
o f  such advanced systems concepts as h l  gher-harmonl c c o n t r o l  end aeroe l  a s t i -  
c a l  l y  conformable r o t o r  b lades,  Research w i  11 cen te r  on analyses, v e r i  f ica-  
ti on through smal l  -sca le  t e s t s ,  and, even tua l l y ,  t e s t s  u s i  ng t h e  Rotor Systems 
Research Ai  r c r a f t  aqulpped with the  I n t e g r a t e d  Techno1 ogy F l  i gh t  Research 
Roto r  o r  a s i m i l a r  r o t o r ,  I n d u s t r y  i s  expected t o  conduct complementary work 
t h a t  d i l l  b r i n g  about t h e  t r a n s f e r  o f  N A S A ' s  gener ic  r e s u l t s  i n t o  a p p l i c a t i o n s  
t o r  each r o t o r  con f i gu ra t i on - - s i ng l e ,  tandem, h lngeless,  teetering, e t c ,  

14. Para1 1e l  Process1 ng f o r  S t r u c t u r a l  Ana lys i  s 

Dynamic three-dimensi  ona l  f i  n i  te-element computat i  011s can improve a i  r c r a f t  
c o n s t r u c t i o n  s i g n i f i c a n t l y  and thereby reduce fabrication and ope ra t i ng  costs,  
Development o f  an exper imental  1 arge-scal  e computer system for f i  n i  te-element 
c a l c u l a t i o n s  w i l l  g i v e  a 1  r c r a f t  d e s i g n e r s  a m a n s  f o r  o p t i m i z i n g  t h e i r  
d e s i g n s ,  Research  u s i  ng t h e  p r e s e n t  1 6 - e l  ement  f i  n i  t e - e l  ement r e s e a r c h  
computer w J  11 prov ide  t h e  a1 gor i  thms needed f o r  des i  gni ng and fabr l c a t 1  ng an 
exper imenta l  computer system w f t h  200 t o  400 t imes t h e  c a p a b f l i t y  o f  any 
e x i s t i n g  c l a s s  V I  computer systern. 
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I X ,  INSTITUTION 

A. - Goals and Object ives - 
The Off i c e  o f  Management p lays  a lead ing  r o l e  i n  the  formul a t l o n  o f  goals 

and o b j e c t i v e s  f o r  t h e  AgencJ, The e l y h t  g o a l s  l i s t e d  i n  Chapter  11, 
"Sumrrary and Perspective," and s ~ b ~ l d i  a r y  ob jec t i ves  f o r  each o f  them were 
adopted fn  1983 a f t e r  a ser ies  o f  discussions w i t h  Headquarters o f f l c e  heads 
and the d i r e c t o r s  o f  the NASA f i e l d  centers. Those goals and ob jec t ives  were 
d i s t r i b u t e d  t o  a l l  employees +o prov ide  a focus f o r  p lannlng and f o r  concen- 
t r a t i o n  o f  e f f o r t .  P r o v l s l o n s  were i n c l u d e d  f o r  u p d a t i n g  t he  g o a l s  and 
ob jec t i ves  t o  keep them on a mul t i yea r  basis.  

Two o f  the  goals, the  F i r s t  and e igh th ,  are p a r t i c u l a r l y  app l fcab le  t o  
management of: the NASA i n s t i t u t i o n .  The f i r s t  seeks t o  c rea te  an environ~nent 
and prov ide t h e  t o o l s  t h a t  w i l l  encourage and enable t h e  work fo rce  t o  achieve 
and mainta in excel lence. The e i g h t h  c a l l s  f o r  applytng the  l a t e s t  i n  techno- 
1 ogical developments and management thought t o  make t h e  NASA i n s t i t u t i o n  as 
product1 ve as possib le.  

N A S A ' s  plans f o r  people, f a c i l i t i e s ,  and computers and o ther  equipment are 
aimed a t  meeting those two goals, 

B. Manpower 

I n  FY 1983, NASA began a modest augmentation o f  i t s  s c i e n t i s t  and engineer 
work force w i t h  a s i g n i  f l c a n t  i n f u s i o n  of recent  graduates, The object1 ve i s  
t o  s t a f f  the Agency w i t h  s u f f i c i e n t  s c i e n t i s t s  and engineers possessing the 
1 a t e s t  s k i  11 s and know1 edge I n  areas, f nc l  ud j  ng advanced data processi ng and 
computa t ion ,  e s s e n t i  a1 f a r  c o n d u c t i n g  t h e  Agency 's  c u r r e n t  and emerging 
programs. 

The sc i  en t f  s t  and engl neer complement increased bj near1 y 350-40 11,094-- 
du r ing  the year and 1 s pected t o  grow t o  approxfrnately 11,500 by the  end o f  
FY 1989. That bui ld-up i s  wl th in  a s tab le  c e i l i n g  o f  roughly 21,000 f o r  
NASA's t o t a l  permanent work force.  Table I X - 1  shows t h e  h i r i n g  dynamics 
u n d e r l y i n g  t h a t  p r o j e c t i o n ,  i n c l u d i n g  t h e  emphasis on r e c r u i t i n g  r e c e n t  
g radua tes  and t h e  p a r t  t o  be p l a y e d  by g radua tes  f rom t h e  c o o p e r a t i v e  
educat ion (co-op) work-study program. F igure  I X - 1  shows the  expected e f f e c t  
on t h e  age d i s t r i b u t f  on of the  s c f e n t i s t  and engineer complement. 

The FY 1983 increase i n  s c i e n t i s t s  and engineers was the  r e s u l t  o f  a 
vigorous college recruf tment  program spearheaded by t o p  management. Conti nuad 
success w i l l  depend on fac to rs  such as budget and manpower au thor iza t ions ;  the  
l e v e l s  o f  federal  pay and bene f i t s ;  and the s t a t e  o f  the  economy, espec ia l l y  
i n  t ? aerospace sector. To meet t h e  chal lenges o f  the  1980s, as the  Nation 
pursues i t s  declared p o l i c y  o f  cont inued leadershfp i n  space and aeronautjcs, 
NASA must mainta in a work fo rce  s tab le  i n  s i z e  and conta in ing  a techn ica l  
component t h a t  possesses up-to-date s k i  11 s. 



TABLE IX-1, SCIENTIST AND ENGINEER HIRES 

NUMBER HIRED PERCENT FRESH OUTS 
__1 

PERCENT CO-OPS 

FY 197811981 1,800 55 2 5 

FY 1982-1983 1,050 7 7 2 0 

* Estimate 



FIGURE tX-'I 

AGE DISTRIBUTION OF SCIENlriSTS AND ENGINEERS 

26 31 36 41 46 51 
<25 30 35 40 45 50 55 >55 

AGE 

ASSUMPTIONS FOR 1989 ESTIMATE: 
TOTAL COMPLEMENT = 11,500 20 

CONTINUED EMPHASlS ON NEW GRADUATES, 2 
WITH GOAL OF 65 TO 70 PERCENT OF NEW % 
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AGE 



Now p r l  o r1  t y  was asslgned I n  FY 1983 t o  lmprovcniont and construction o f  
f a c i l  ItSes as n means t o  enhance the NASA i n s t i t u t i o n .  The program's emphasis 
I s  on the fo l l ow ing :  

o Current act1 v i  t i e s  

- Prov i s lon  of  manufacturing, t e s t i n g ,  launching, and land ing  f a c l l  i - 
t i c s  t o  support 24 f l i g h t s  p e r  year o f  t h e  Space Shu t t l e  

- A c t i v a t i o n  and repa l  r o f  l a r g e  aeronaut ica l  f a c i  li t i c s  

- Construct ion and upgrading o f  the antenna systems o f  the  Deep Space 
Network 

- Preserva t ion  and enharicement o f  aeronaut1 c s  and space technol ogy 
f a c l l i  t l e s  

o Programmed act  i v i  t i es 

- Expansion o f  the capabi 1 i t l e s  o f  pay1 oad process1 ng fac! 1 I t l e s  

- ConGI nued Improvement of  aeronaut1 cs and space! technol ogy facll i t i e s  

- Improvement i n  t h e  e f f f c i e n c y  o f  Space Transportat jon System 
produc t i  on, 

A f t e r  FY 1989, the  program i s expected t o  emphasize f a c i  1.1 t i e s  t o  support 
30 t o  40 f l i g h t s  per year o f  the  Space Shut t le ,  additional payload processfng 
fac i  I i t i e s ,  unique l a rge  aeronautics f a c i  11 t i e s ,  and augmentation o f  
f a c l l l t i e s  t o  make them able t o  support a space s t a l l o n ,  

D, Automatic Data Processing 

The ob jec t i ves  o f  N A S A ' s  computer systems managenlent a re  t o :  

o Eti;~lre t h a t  the bes t  computer t o o l s  f o r  NASA's use i n  ca r r y ing  o u t  i t s  
mlsslons are ava i l ab le  a t  t he  r i g h t  t ime and a t  the  Iswest cost  

o Foster  the use o f  computer systems t o  increase management p r o d u c t i v i t y  

o Advance computer and computer-re1 aled technol ogy f o r  the  b e n e f i t  o f  
NASA and the Nation. 

The program o f f i c e s  and t h e  O f f i ce  o f  Management j o i n t l y  develop an annual 
plan f o r  a c q u i s i t i o n  o f  automatic d a t a  processing equipment . F i  gure IX -2  
d lsp lays the  annual value of acqu is i t i ons  frorn FY 1980 pro jec ted  through FY 
1989. The 1 a r g e s t  p lanned a c q u i  s i  t i o n  i s a p o w e r f u l  computer f a c i  l l t y ,  
Numerical Aerodynamics Simulat ion, t o  be i n s t a l  1 ed a t  Ames Research Center 
(see Chapter I 1  I. Aeronautical  Research and Techno1 ogy) . 



FIGURE 1x02 

AUTOMATIC DATA PROCESSlNlG ACQUESITION PLAN 

1980 -- 1981 1982 4983 1984 1985 I986 1987 1988 1989 - - 
AVAILABLE 
CPU CAPACITY 1,903 2,321 2,550 2,564' 2,491 * 2,550* &700* 2,850' 3,00C)* 3,200' 

AVERAGE 
CPU AGE 6.9 6.5 6.2 6.0" 5.9* 5.8' 5.8* 5.7' 5.7* 5.6* 

* PROJECTED 



A s f g n i f i c a n t  I n d l c a t l o n  o f  tho Agoncy's o f f o ~ t  t o  meet r e s c a ~ c h  and 
Bovo, pment needs by oxplol t i n g  advancing technology 1s  t t s  p l a n  for ncqulr lng 
trlass V I  computars, ab le  t o  perform 50 m i l  l l o n  or more operat ions per second. 
Vfgure IX-3 shows t h a t  p lan through FY 1989. 



FIGURE JX-3 
COhIPUTATIONAL CAPABILITY PLAN 
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X . ABBREVIATIONS AND ACRONYMS 

ACC 
ACS 
AMPTE 
ATP 
ATS 

CDR 
CFMC 
CDBE 
CRAF 
CT S 
C Y 

ECLSS 
ELF 
ELV 
EMU 
ERBS 
E T 
ETR 
EUVE 
EVA 

FUSE 
FY 

GEO 
GOES 
GRO 

ICE 
IMP 
IMPATT 
IPS 
I RR 
ISEE 
ISPM 
I STP 
I UE 
1 US 

3 PL 
JSC 

LEO 
LFC 
L M 

A f t  Cargo C a r r l c r  
A t t f t u d e  Con t ro l  System 
Act1 vo Magnetospheric Tracer E x p l o r e r  
Author1 ty t o  Proceed 
Advanced Techno1 ogy Sate1 1 1 t e  

Crl t i c a l  Oestgn Rovlew 
Cryogenic Fl u l  d Management Fac i  11 t y  
Cosml c Background Expl o r e r  
Comet Rendezvous ond As te ro i d  F l yby  
Conlmunlcations Technology Sa te l  1 i t e  
Calendar Year 

Dynarnl cs Exp lo re r  
Department o f  Defense 

Envi ronmental Con t ro l  and L i  fe Support Systems 
Extreme Low Frequency 
Expendable Launch Vehi c l  e 
Ex t raveh i cu l a r  M o b i l i t y  U n i t  
E a r t h  Radl a t i  or1 Budget Sate1 ? 4 t e  
Exte rna l  Tank 
Eastern Test Range 
Extreme Ul t r a v f  01 et Exp lo re r  
Ex t raveh l  cul a r  Acti v! t y  

Far  U l t r a v i o l e t  Spectroscopy Exp lo re r  
Ftscal Year 

Geosynchronous O r b i t  , Geostationary 9 r b i  t 
Geostat ionary  Operat iona l  E n v l  ronmental Sate1 11 t e  
Gamma Ray Observatory 

High Ear th  O r b i t  

international Co~netary Exp lo re r  
I n t e r p l a n e t a r y  Mon i t o r i ng  P l a t  form 
Impact Ava l  anche Transmj t Time 
Ins t rument  Pof n t f  ng System 
I n t e r f a c e  Requi rements Review 
I n t e r n a t i o n a l  Sun-Earth Exp lo re r  
I n t e r n a t l o n a l  So la r  Polar  M I  s s i  on 
I n t e r n a t i o n a l  $31 a r  T e r r e s t r i  a1 Physics 
I n t e r n a t i o n a l  U l t r a v i o l e t  Exp lo re r  
I n e r t i  a1 Upper Stage 

J e t  Propul s i  on Laboratory  
Johnson Space Center 

Low Ea r th  O r b i t  
tamlnar Flow Control, Large Format Camera 
Long Module 



MDM 
MFLOPS 
MGCO 
MMU 
MOTV 
MPESS 
MSL 

NACA 
NAS 
NASA 
NASCOM 

OAST 
OMV 
OSS 

OSTA 

OTV 

P 
PAM-'4 
PAM-G 
PDR 
P!1P 

R&T 
RMS 
IISRA 
RTOP 

SCRAMJET 
SDLV 
SDH 
SHEL 
SIR 
S L 
SM 
SME 
SMM 
S P 
SRB 
SRR 
S S 
SSME 
SSTSC 
SSUS 
STDN 
STS 

M u l t t p l e x c r  D e m u l t ~ p l e x e r  P a l l e t  
M i  11 i o n  F l o a t 1  ng Po in t  Operat ions p e r  Second 
Mars Geoscl ence and C l  l m a t o l  ogy Orbi t e r  
Manned Maneuver1 ng Unl t 
Mafined Orbi  t a l  T rans fe r  Veh ic le  
MI s s i  on Pecul i a r  Experiment Support S t r u c t u r e  
M a t e r i a l  Science Lab 

Nat iona l  Advl sory  Comml t t e e  f o r  Aeronaut1 cs 
Numerical Aeradynamfc Simul a t 1  on 
Nat iona l  Aeronaut ics  and Space Admlni s t r a t i o n  
NASA Communi ca t1  ons (Network o f  Leased Comtnunications Serv l  ces 
f o r  Opera t iona l  Data Flow) 

O f f i c e  o f  Aeronautics and Space Technology 
Orb1 t a l  Maneuvering U n i t  
O f  f l  ce o f  Space Science (comb1 ned I n  1982 MI t h  
O f f i c e  o f  Space and T e r r e s t r i a l  Applications t o  form O f f l c e  o f  
Space Science and Appl l c a t 1  ons)  
O f  f i  ce o f  Space and T e r r e s t r i  a1 Appl 1 ca t1  ons (comb1 ned I n 1 982 
w i t h  O f f i c e  o f  Space Sclence t o  f o r m  O f f i c e  o f  Space Sc lence  
and Appl i c ? t i o n s )  
Orb! t a l  T rans fe r  Veh ic le  

Pal 1 e t  
Payload A s s i s t  Module (At1 as C lass )  
Payload A s s i s t  Module ( D e l t a  Class)  
Prel im1 nary  Design Review 
Program Operat 1 ng Plan 

Research and Technology 
Remote Mani pu l  a t o r  S, stem 
Rotor  Systems Research Ai  r c r a f t  
Research and Techno1 ogy O b j e c t i  ves and Plans 

Superscnl c-Cmbusti on Ramjet 
S h u t t l e  Der i  ved Launch Veh ic le  
System Desi gn Review 
S h u t t l e  High Energy Lab 
S h u t t l e  Imaging Radar 
Space1 a b  
Short  Module 
So la r  Mesophere Exp1 o r e r  
So la r  Maximum M i  s s i an  
Space Pl  a t f o r m  
S o l i d  Rocket Booster 
System Requi remen t s  Review 
Space S t a t i o n  
Space S h u t t l e  Main Engine 
Space i t a t i  on Technology S. teer i  ng Comrnf t t e e  
Spinn ing Fa1 i d  Upper Stage 
Space f l i gh t  Track ing and Data Network 
Space T ranspo r t a t i on  System 



TDRS (S) 
TOPEX 
TOS 
TSS 

UARS 
ULF 

VLB I 
V L S I  

WB 
WTR 

XTE 

Track1 ng and Data Re1 ay Sate l  1 i t e  (System) 
Topography Experiment f o r  Ocean C i  r c u l  a t f  on 
Transfer Orbi t a l  Stage 
Tethered Satel  1 i t e  System 

Upper Atll~osphare Research Sate1 'l i t e  
Ult ra  Low Frequency 

Very Long Basel f ne Interferometry 
Very Large Scale I n t e g r a t i o n  

Wlde Body 
Western Test  Range 

X-Ray Tirnfng Explorer 





A c t i v e  Cavity Radiometer ...........m.m............................. 111.7.37. 39 ............................. Acoust ic Containerless Experiment System I 1  1066~67 
Acoust ic L e v l t a t o r s  ...........m...................m~.......~..~......... 111.67 
Ac t i ve  Magnetospherl c Tracer Explorer ........................... ..I I I ;  IV-5 
A D 9 1  A i r c r a f t  (Oblique Wing) ................m........m......m.m. 1 1 2 4 ;  V I I I - 2 1  ......... Advanced Communications Technology $ a t e l l i t e m  -11.3. 9. 111-53.54. 70 
Advanced Manned Maneuvering U n i t  ......................I...........m...... I V.22 
Advanced Ro to rc ra f t  Technology I n t e g r a t i o n  ..............m........m..a. . V I I  1.22 
Advanced Solar Observatory. .......mm........m....~a........ 1 5 ;  111.12.14. 15 ............................................. Advanced Technology S8. t e l l i t e  V 1.5 
Advanced Very High Resolution Radiometer ............m........mm...a..... 111.47 .............. Advanced X-ray Astrophysics F a c i l i t y  I 1.4. 111.2.8.12.13. 35.IV-30 
Aeranautical  R&T Po l i cy  (1J.S.). ....................................... V I I I . 1 .  2 .................................................... Aeronautics R&T Base .I 1.27 ......................................... A f t  Cargo Car r i e r .  Vm26.31p36s37.38. 40 
A p 0 1 1 0 * . ~ ~ ~ ~  .. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ a I ~ ~ 1 ~ ~ m 0 1 1 6  111-28; IV-18 
Apol lo  oyuz Test Project .  ................a.......m..........aa.......... I V.18 .......... kssemb Concept f a r  Construct ion o f  Erectable Space St ruc tures  IV-17 
Astero id  Flybys. .................................................. ......111~28 .................................... Astro- l  (Spacelab Pallet) 111.8.18.20.20. 38 ........................................ At1 as (Expendable Launch Vehic le)  IV-15 
Atlas-Centaur (Expendable Launch Vehicle) ................m........m.. bIV-14B15 
Atmosphere Explorer  ..................................................... 11 1=3e .................. Atmosphert c Trace Molecule Spectroscopy ExperJment .I II-379 
A t t i t u d ~  Control  System ................~.......~......................~.... V-7 

..................................... B i  opracessi sg Experiments System.. 111-66 

Centaur. Centaur-C Prime. STS Centaur ............ 11.10.11. 19. III.20.21.22.25. 
26.29.31. 32. IV-3.7.10.11.16.33.30. 39 

Charge Cornposltion Explorer ............................................ b111p38 .............................................. Coastal Zone Color  Scanner 11 1-40 
Comet Atomized Sample Return Observer ...................I..m......... 111-23. 27 .................................................. Comet Giacobinf-Zinner 11 1.18 ....................................... Comet Nucleus Sample Return 111.22.30. 32 
Comet Rendezvous and Ast ro id  F lyby .................... 11.6. 111.23.24. 28. VI-5 .................................. Communications Technology Sate l l i te . . .  11 1-52 
Concept Development Group (Space S ta t i on  Task Force) ...................I.. .V-5 
Concorded ..............m....................m.....mm..................... 1 1.25 ........ Continuous Flow Electrophoresis  ~ a ~ ~ ~ . . m ~ m . ~ ~ ~ ~ o ~ m . . + . m I - 9 ;  111.60. 67 ............................ Cont ro l led  Ecological  L i f e  Support System 111.49. 5 1  
Convert4 b l e  Engi ne Program ........................I....m............... V I  11-19 ............................... Cosmic Background Explorer I 6  1 4  111-6; VI.3.4. 
Cosmic Ray Experiments Program .....................mm...........mm... 111.11. 15 ...................................... Cryogenic F l u i d  Management F a c i l i t y  I V-12 

Deep Space Network ......~.......a.........................m 1 1 - 6 9  V I - 1 ;  I X - 4  
D e l t a  (Expendable Launch Vehic le)  ....................I.......mm...... m I V ~ l l .  15 .................................... Directional S o l i d i f i c a t i o n  Furnaces * I1  1-67 
Doppler L idar  Wind Velocimeter  am..^............................ * I I I - 3 6  
Drop Tower ....................m..................m.~................m... 11 1.65 



Drop Tube ............. .......C.~.+................o......~....m.......+~II 1-65 
Dynamics Exp lo re r  ..... . . . . . . . .m. . . . .~~. . . . . .~ I . . .o . . .~ . . .b . . . . . l l  1-38 V I - 5  

E a r t h  Rad ia t ion  Budget Experiment ................................. 1 1 7  111-36 ...................................... E a r t h  Rad ia t i on  Budget S a t e l l i t e .  .VI-3. 6 ........................ Elec t ro~nagen t f  c Con ta lner l  ess Process1 ng System .I 11-66 
Elect romagnet ic  L e v i t a t o r  .......... .....~~.m............m.+.......~~....II 1.67 .......................... E lec t ropho res i s  Equipment V e r i f i c a t i o n  Test . . . I  11-67 ............ Elemental Composl t i  on and Energy Spectra o f  Costn4c Ray Nuc le i  111-8 
Energy E f f i c S a n t  Engine ........ .......mI.C..~.m.....~+......o..D~~....~VII 1-13 ............................. Environmental Con t ro l  and L i  f e  Support Systems V-7 ........................................... Expendable Launch Vehic les .IV-15. 37 .......... Experimental  Assembly o f  S t r uc tu res  i n  Ex t raveh i cu l a r  Act1 v i t y  .I  V-17 ...*...... ...*.*.....ma..**. Exte rna l  Tank ...............~P .IV-8.9.15.36.37. 40 
Ex t raveh i cu l a r  M o b f l i t y  U n i t  em.......m.. ......++.....~..............IV-9.22. 30 ................................ Extreme U l t r a v i o l e t  Exp lo re r  4 111-9; IV -3  

F-104 A i r c r a f t  .....................~~......~....~4.....~.~..~..........II 1-65 
F a c i l i t y  I n t e g r i t y ' P r o g r a m  .... .............~.....~+..........~o..+.~...~V~I 1-4 ............................... Faci 1 l t y  Product1 v i  t y  Improvement Program V 1  I 1  -4 
F a r  U l t r a v i o l e t  Telescope ....... m ~ ~ ~ + o e u ~ ~ b b ~ u a o ~ ~ m b ~ ~ ~ ~ . ~ ~ ~ m m ~ ~ m m ~ ~ b ~ m ~ o I I  1-7 
F a r  U l t r a v i o l e t  Spectroscopy Exp lo re r  .......... ..... -11-5; 111-10.14. 15. V1-5 
Filament-Wound Composite .........a. . . .+. .~. . . . . . . . . . . . . . . . . . . . . .v. . .~. . . . .~ V-8 ..................... First Global Atmosphere Research Program Experiment 111-36 ............................................ F l o a t  Zone Experiment System 111-66 ............................................. F l u i d s  Experiment System 111w66p67 .......................... Free-F ly ing  Experiments C a r r i e r  11-16; 111-65; V I I - 2 2  

G a l i l e o  .... ..v.............I~-5. 14. 111-16.18.20.21.22.28,30. 31. IV-11; VI-5. 6 
Gamma Ray Observatory .......Om.O..... m . . r b l b m * I m o  1 4  111-6; VI-3. 6 ............................................... General Purpose Furnaces . I  11-67 ......................................... General Purpuse Rachet Furnaces 111-60 ................................. Geodynami c Exper imental  Ocean Sate1 1 l t e  I 1  1-37 
Geo ta i l  Laboratory  ...a,....o ....~~..................~............~...~~+II 1-43 .................................. Geopotent ia l  Research M i  s s i on  1 1 7 4 2  111-41. .............. Geostat ionary  Operat iona l  Env i ronmet~ ta l  S a t e l l i t e  .III-2. 36. VI-5  
G lacob in i -Z inner  Encounter ...........m..b.............m........ 1 1 1 - 1  V1-5 
G l o t t o  Mission.. . . . . . . . . . . . . . . . . . . . . . ~ . . . . . . . . . . m . . . . . . . + . . . . . . . I 1  1-18 VI-5 ....................... ............... Global  H a b i t a b i l i t y  Study ..... .. .. I 1-18 ....................................... Global  Scale Atmospheric Program .I 11-35 

...... Gravlty P r o b e 4  .............m.................m...m... I ; 111-9.14. 15 
Ground Networks ............. ....~m..........~..m..m...+........~........VI-4. 5 

H a l l e y ' s  Comet .............. . . . . . . . . .m.... . . . .~... . . . . . . . . . . . . . . . .-  5 IV-14 
Heavy Nucle i  C o l l e c t o r  .......... . . . .m..m.~~....e.... . . . . . . . . . . . .mI I 111-7 

........................................ Helium-Cooled I n f r a r e d  Telescope -111-8 
High  Energy Astronomical  Observator ies  ...... .......~..........~..........IX 1-2 
High Energy Astronomy Observatory ........................m..... 1 - 4 8  111-6.7. ............................................ High Gradlent Furnace System 1 1  1-66 ............................................. High  Performance A i r c r a f t  ..VII 1-10 
High  Throughput Miss ion ............ b a * e . m m a m a m a a a b l b a a a . I  5 111-13. 15 
H i t c h h i k e r  .................... ~ . . ~ e a . . . ~ a . . ~ m ~ . m a ~ a a m I V - 5 9 1 3 ~ 1 4 9 2 2 b ? 1 9  30 
Hopklns U l t r a v i o l e t  Telescope .............................a.a.... ..+..a..~I 1-8 . 
Hubble Space Telescope ........... ...~....C....omm...~.........~~..~......~I 1-5 



..................................... h a g i n g  Spectrometer Observatory 111-37. 39 
n e r t l a l  Upper Stage .........~...~.m..e..~m..m...m... I 1 0  1 0  111-30; IV-7. ............................ n f r a r e d  Astrona~nical Satellite * . . . I 1 4  111-6.8. 9 
. n s t i  tutc  For Computer App l ica t ions  i n  Science and Engineering.. ..... V I  11-5 
:nstrurnent Po in t i ng  System ..........+......m.~..~...~.......~.~~........ .I V-11 
. n tegra ted  Techno1 ogy Rotor/Fl  i ght  Research Rotor.. ................ V I  11.21. 24 
:ntelsat...* ........~~..m.....em...m...........m.e.............e....... . I 1  1.52 
. nteragency Worklng Group on Sctent i  f i c  Instrumentat ion. .........I...... .VII-4 
:n te rnat lona l  Cloud Climatology P ro jec t  ................m.mm........~.... 11 1.37 
In te rnat iona i  Cometary Explorer .....................m.m..........~.. . I I I ~ l 8 .  28 
h t e r n a t i o n a l  Ha l ley  Watch ...............m..................~........... I 1  1.19 
ln te rnat lona l  So lar  Polar Mission... ........... ..III~2.5.18.20. 21. IV-11; VI-5 
:n te rnat iona l  Solar  Te r res t r fa l  Physlcs Program .............m.mmlI 1-42. VI-5. 6 
:n te rnat iona l  Sun-Earth Explorer..... ..........mm....m...m.m 1 1 1 1 - l s l 9  3 VI-5 
:n te tna t lona l  U l t r a v i o l e t  E x ~ l o r e r  ....................... 1-4. I 5  111.2. 5. VI.4. 
in terp lanetary Monitoring P la t fo rm ................e..~.m..........m..... V1.4. 5 ............................................ :on Mass Spectrometer *mm....lI 1.19 
[on Release Module.... ................m......m.........~................ 11 1.38 
: soe lec t r l c  Focusing Experiment ..........m.........m..................m. 111-67 

Jofnt  Endeavor Agreement, .........................m..........m....... 111.57. 60 

KC-135 A f r c r a f t  ........................e.......e.....m..~........... ..*+I1 1-65 

Lam1 nar  Flow Contro l  .......~........................................... V I  11-22 
Landmark Missions ........... s * I m L . e ~ ~ * m e L ~ b ~ ~ ~ ~ m m b ~ m # b b * m m m m m * m b m m m e e e e e ~ v ~  1-6 
Landsats... .m........m.............m..........m...mm... 1 1 6 5  111-34. 47.  VZ-3. 
Large Deployable Re f lec to r  ....,..... .....~..*.m....bI 1-5. 111-12.14. 15. VII -15 
Large Format Camera .........m...e.....................................~.m I V-12 ............................................. Laser Geodynamfcs S a t e l l i t e  11 1-37 
Leasecraf t  ....................................m............mm..... 1 1 1 6 4  VI-3 
Long Durat ion Exposure F a c i l i t y  ...................... ..I1 1-7. IU-30; VII-17. 22 
Lunar Geoscience Observer.. .......................I...... 1 1 6 ;  I 1 3 0  1-23.25.28. 
Lunar Orbi ter  .............. . . .+m. .m. . . . . . . , . , .m. . . . . . . * . * .m*. .me. . . . .c .m 11 1-28 

................................................. Magnetfc F j e l d  Explorer  I1 1-41 
Magnetic F i e l d  S a t e l l i t e  ..............mm................m...... 1 7 4 1  111.37. 
Manned Maneuvering Unit ...............m.......m.m....m..m...m..m......... 1 V.30 
Manned Orb i ta l  Transfer  Vehicle .............m.......m...mm............m.. 1 V.39 
Mariners.. ......................m......mm........m................... 111.21. 28 .......................................... Mariner  Mark I 1  111~22.25926.29.30. 31 ............................................... Mars Aeronomy Observer 111.23. 27 
Mars Geoscience and Climatology Observer ......... 11.3. 5. 111.23.24.25. 51. VI-5 
Mars Sample Return Miss ion ................m..m..e.........e... 1 1 7 3 2  111-29. ................ Mars Surface M o b i l i t y  and Sample Return ...t.m.mm..m.....I1 1.22 
Mars Surface Network Observer .............I......................mem. 11 1.23*27 ............................................ Mate r ia l s  Experiment Assembly .I 1.9 
Ma te r la l  Science Lab ..............................................m...... I V.12 .............................. Measurement o f  Air Po l?u t i on  from Shu t t l e  .I1 1-33 
Mercury Orb i te r  .................................................m........ I I - l g  .......................... M i  ss lon  Pecul iar  Experiment Support S t ruc ture  ..I V.13 .................................... Monodisperse Latex Reactor.... I I -  111-67 ................................... Moving Wall Elec t rophore t lc  Seperator 11 1.59 ................................................. Mult5-Mission Spacecriaft IV-30 
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