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SOME APPLICATIONS OF APOLLO 

The Gemini and Saturn/Apollo programs a r e  providing the U.  S. A. 
w i t h  a  broad base of technologica l ,  managerial ,  and resource c a p a b i l i t y  
which makes f e a s i b l e  a  wide spectrum of space missions beyond the  i n i t i a l  
l una r  landings .  These manned missions can be explo i ted  i n  a  wide range 
of E a r t h  o r b i t s ,  i n  l una r  o r b i t s ,  and on the  lunar  sur face .  I n  p a r t i c u -  
l a r ,  the  f l e x i b i l i t y  of the  Apollo system, a s  p re sen t ly  i n  development, 
makes f e a s i b l e  a n  extended du ra t ion  Ea r th -o rb i t a l  program which can serve 
a s  t h e  e s s e n t i a l  p recursor  f o r  advanced Ea r th -o rb i t a l  l a b o r a t o r i e s  a s  
w e l l  a s  a  t e s t  bed f o r  developing t h e  techniques and ope ra t iona l  exper i -  
ence necessary f o r  longer-range lunar  and p l ane ta ry  exp lo ra t ion .  

Gemini/Apollo C a p a b i l i t i e s  

The Apollo hardware has now been def ined ,  and i s  en t e r ing  an  i n -  
t ens ive  ground and f l i g h t  t e s t  phase. Therefore,  i t  i s  both poss ib l e  
and t imely  t o  de f ine  spacec ra f t  conf igura t ion  and f l i g h t  p l ans ,  us ing  
t h i s  same hardware, t o  c a r r y  men and instruments  i n t o  h i t h e r t o  inaccess-  
i b l e  reg ions  of space f o r  h i t h e r t o  unachievable per iods  of t ime.  The 
s c i e n t i f i c  and technologica l  ob jec t ives  which could thus be achieved may 
w e l l  l ead  t o  new ventures  i n  f u t u r e  decades which a r e  a s  f a r  beyond Apollo 
a s  t h e  lunar  landing mission i t s e l f  w i l l  be beyond the  f i r s t  manned Ear th-  
o r b i t a l  f l i g h t s .  

The U. S. inventory of t e s t e d  space hardware by 1970 w i l l  include 
t h r e e  man-rated launch veh ic l e s :  the T i t an  11, capable of p lac ing  4  tons 
i n  Ea r th  o r b i t ;  t he  Saturn I B ,  t o  p lace  over 18 tons i n  o r b i t ;  and the  
Sa turn  V, t o  i n j e c t  140 tons  i n t o  near-Earth o r b i t  and more than  45 tons 
i n t o  a  t r a n s l u n a r  t r a j e c t o r y .  The Gemini spacec ra f t  supports  two men i n  
low-Earth o r b i t  f o r  up t o  two weeks and has t he  c a p a b i l i t y  of some 300 f t /  
sec  of i n - o r b i t  v e l o c i t y  change. It w i l l  c a r r y  seve ra l  hundred pounds of 
experiments i n i t i a l l y  and can be resuppl ied  wi th  cons iderably  more through 
docking w i t h  a n  At l a s -  Agena rendezvous veh ic l e .  Ext ra -vehicu lar  a c t i v i t y  
(EVA) has been succes s fu l ly  demonstrated from the Gemini spacec ra f t .  

The Apollo/LEM spacec ra f t  t o  be launched by the  Saturn v e h i c l e s  w i l l :  
s u s t a i n  a  three-man crew i n  space f o r  from two weeks t o  s i x  weeks; provide 
a  two-room, th ree - s t age  mobile space s t a t i o n  capable of ex tens ive  space 
maneuvers a s  we l l  a s  landing on the  Moon and r e tu rn ing  t o  Ear th .  On the  
ground, the  Apollo system w i l l  inc lude  highly-automated checkout and launch 
f a c i l i t i e s ,  t oge the r  w i t h  a  world-wide network of t r ack ing  and communication 
s t a t i o n s  l inked  t o  c e n t r a l  computer and mission con t ro l  f a c i l i t i e s .  The i n -  
ventory w i l l  a l s o  inc lude  a  v a s t  complex of i n d u s t r i a l  and government f a c i l i -  
t i e s ,  manned by h igh ly - sk i l l ed  and experienced teams, which can produce 
f l i g h t - r e a d y  Saturn/Apollo space veh ic l e s  a t  a  r a t e  of more than  e i g h t  per  
yea r .  L a s t ,  b u t  no t  l e a s t ,  by 1970 the re  w i l l  be many h ighly- t ra ined  and 
f l i g h t - q u a l i f i e d  U .  S .  a s t r o n a u t s ,  inc luding  s c i e n t i s t s ,  engineers ,  phys ic ians ,  
and t e s t  p i l o t s  t o  man the  spacec ra f t  and perform a  wide v a r i e t y  of space 
f l i g h t  experiments.  



With t h e s e  a s s e t s  w i t h i n  o u r  g r a s p ,  i t  i s  now p o s s i b l e  t o  p l a n  f o r  t h e  
a p p l i c a t i o n  o f  t h e  Apol lo  hardware t o  a  wide v a r i e t y  of exper iments  i n  t h e  
a r e a s  o f  s c i e n c e ,  b iomedicine ,  technology,  and o p e r a t i o n s  and t o  d e f i n e  t h e  
mix of m i s s i o n s  which would b r i n g  t o g e t h e r  t h e  Saturn/Apol lo  space v e h i c l e s ,  
exper iments ,  and t h e  , t r a i n e d  crews r e q u i r e d  t o  c a r r y  o u t  t h e s e  exper iments .  
Th i s  e f f o r t ,  i n c l u d i n g  b o t h  extended E a r t h - o r b i t a l  and l u n a r  miss ions ,  i s  
embodied i n  t h e  proposed Sa tu rn /Apol lo  a p p l i c a t i o n  program now undergoing 
p r e l i m i n a r y  program d e f i n i t i o n .  The d e s i g n  of exper iments  and m i s s i o n s  has 
been such  a s  t o  c a p i t a l i z e  on t h e  c a p a b i l i t i e s  of man a s  a  t r a i n e d  o b s e r v e r ,  
who can  de te rmine  what t o  look a t ,  how t o  observe i t ,  and o f  what importance 
t h e  r e s u l t s  a r e .  I n  t h i s  way t h e  b e s t  use  c a n  be made o f  t h e  we igh t  a v a i l -  
a b l e  t o  r e t u r n  d a t a  t o  E a r t h ,  and t o  avo id  r e t u r n i n g  redundant o r  u n i n t e r e s t -  
i n g  d a t a .  I n  t h e  c o u r s e  o f  t h e  miss ion ,  t h e  o b s e r v e r  can  a i d  i n  de te rmin ing  
which measurements a r e  o f  most v a l u e  and the reby  a f f e c t  t h e  payloads  o f  
f u t u r e  miss  i o n s .  

Apollo A p p l i c a t i o n s  

S t u d i e s  have confirmed t h e  f e a s i b i l i t y  o f  e x p l o i t i n g  t h e  investment  i n  
t h e  Apol lo  program by a p p l y i n g  i t s  wide range of c a p a b i l i t i e s  t o  a  number 
of o t h e r  p o t e n t i a l  m i s s i o n s  and accomplishing t h e s e  wi thou t  i n t e r f e r i n g  
w i t h  t h e  pr imary Apol lo  l u n a r  l a n d i n g  g o a l .  I n  t h i s  e x t e n s i o n  o f  t h e  Apollo 
program, t h e  b a s i c  c o n s i d e r a t i o n  has been t o  use  p r e s e n t  Apol lo  hardware 
w i t h  a s  l i t t l e  m o d i f i c a t i o n  a s  i s  c o n s i s t e n t  w i t h  t h e  proposed miss ion  
under  s t u d y .  Our examinat ion shows t h a t ,  w i t h  t h e  i n c l u s i o n  o f  added 
expendables  and d i f f e r e n t  exper iments ,  a  number o f  miss ions  i n  E a r t h - o r b i t ,  
l u n a r - o r b i t  and on t h e  l u n a r  s u r f a c e  can be accomplished w i t h  t h e  p r e s e n t  
Apollo l a u n c h  v e h i c l e s  and s p a c e c r a f t .  

The b a s i c  Apol lo  system, a s  shown i n  F igure  1 i n  i t s  launch c o n f i g -  
u r a t i o n ,  i s  des igned  t o  accomplish t h r e e  b a s i c  m i s s i o n s :  Three-man 
f l i g h t s  i n  E a r t h - o r b i t  f o r  10- 14 days ,  three-man f l i g h t s  which o r b i t  
t h e  Moon f o r  f o u r  t o  s i x  days ,  and l and ing  two men on t h e  Moon f o r  24-36 
hours .  The f i r s t  two types  of m i s s i o n s  are planned t o  s u p p o r t  t h e  t h i r d  
one -- t h e  n a t i o n a l  g o a l  of manned l u n a r  landing.  



The ex t ens ion  of t he  Apollo c a p a b i l i t i e s  now being s tud i ed  encom- 
passes  E a r t h - o r b i t a l ,  l u n a r - o r b i t a l  and luna r - su r f ace  missions.  The 
Ea r th -Orb i t a l  missions inc lude  extended du ra t i ons  i n  low- inc l ina t ion ,  
p o l a r ,  and synchronous o r b i t s .  F l i g h t s  of up t o  28 days i n  lunar  po l a r  
o r b i t  and lunar  s u r f a c e  missions of two men f o r  up t o  14 days a r e  pos- 
s i b l e .  

The b a s i c  Apollo spacec ra f t ,  c o n s i s t i n g  of t h e  command and s e r v i c e  
modules and t h e  LEM, has  an i nhe ren t  p o t e n t i a l  f o r  increased  c a p a b i l i t y  
t o  conduct i n - f l i g h t  experiments.  Considerable  f l e x i b i l i t y  i s  a v a i I a b l e  
t o  meet t h e  requirements  of va r ious  miss ions .  For extended Apollo missions 



i n  E a r t h  o r b i t  t h e  p r o p e l l a n t  load ing  o f  t h e  S a t u r n  I V B  s t a g e  ( t h e  
t h i r d  s t a g e  o f  t h e  S a t u r n  V v e h i c l e )  and t h e  S e r v i c e  Module can  be 
v a r i e d  s o  t h a t  space maneuvering c a p a b i l i t y  may be t r a d e d  f o r  a d d i t i o n a l  
exper iment  l o a d - c a r r y i n g  c a p a c i t y .  F u r t h e r ,  t h e  a d a p t e r  s e c t i o n ,  shown 
i n  F igure  2 w i t h  a  LEM i n s i d e ,  e n c l o s e s  a lmos t  6,000 c u b i c  f e e t  of unpress-  
u r i z e d  volume. Th is  volume can  be used t o  c a r r y  o t h e r  l a r g e  exper iment  
payloads  such  a s  a n  a s t r o n o m i c a l  t e l e s c o p e  o r  f o r  a n  e r e c t a b l e  s t r u c t u r e  
such a s  a n  an tenna  f o r  communication exper iments  o r  r a d i o  astronomy measure- 
ment s  . 



The e n g i n e e r i n g  s k e t c h  o f  F igure  3 shows one v e r s i o n  o f  a n  extended 
Apol lo  s p a c e c r a f t  c o n f i g u r e d  f o r  E a r t h - o r b i t a l  o r  l u n a r - o r b i t a l  m i s s i o n s .  
The LEM-descent s t a g e  s t r u c t u r e  and p r o p u l s i o n  systems a r e  unchanged, b u t  
t h e  l a n d i n g  g e a r  h a s  b e e n  removed s i n c e  i t  would n o t  be r e q u i r e d  f o r  
o r b i t a l  m i s s i o n s .  The remaining LEM p r o p u l s i o n  can  be  used t o  supplement 
t h e  s e r v i c e  module p r o p u l s i o n  f o r  o r b i t a l  maneuvers. The exper iment  
equipment w i l l  be  i n s t a l l e d  p r i m a r i l y  i n  t h e  a v a i l a b l e  u n p r e s s u r i z e d  s e c t i o n s  
o f  t h e  d e s c e n t - s t a g e  s t r u c t u r e ,  i n s i d e  t h e  LEM c a b i n ,  and around the  o u t s i d e  
o f  t h e  a s c e n t - s t a g e  p r e s s u r e  s h e l l .  The LEM-ascent-stage main p r o p u l s i o n  
system,  i n c l u d i n g  e n g i n e ,  p r o p e l l a n t  t a n k s  and a s s o c i a t e d  g e a r ,  can  be r e -  
moved t o  p r o v i d e  g r e a t e r  c a p a b i l i t y  f o r  exper iments  i f  n e c e s s a r y .  Over 200 
c u b i c  f e e d  o f  l a b o r a t o r y  space cou ld  be a v a i l a b l e  w i t h i n  t h e  LEM a s c e n t  



s t a g e  shown i n  F igure  4 .  A d d i t i o n a l  power and l i f e  s u p p o r t  expendables  t o  
p e r m i t  l o n g - d u r a t i o n  f l i g h t s  w i l l  be added.  

The Command and S e r v i c e  Modules (CSM) shown i n  F i g u r e s  5 and 6 a r e  
e s s e n t i a l l y  t h o s e  used f o r  t h e  b a s i c  Apol lo  l u n a r - l a n d i n g  m i s s i o n .  With 
t h i s  sys tem,  s e p a r a t e  and independent  o p e r a t i o n  o f  t h e  CSM and t h e  LEM i s  
p o s s i b l e  i n  o r b i t ,  u s i n g  the  LEM d e s c e n t  s t a g e  and the  S e r v i c e  Module p r o -  
p u l s i o n  sys tems t o  e f f e c t  subsequent  rendezvous and docking.  Ex t ra -veh ic -  
u l a r  o p e r a t i o n s  c a n ' b e  under taken  by a s t r o n a u t s  i n  t h e i r  s p a c e s u i t s .  I n  
t h i s  mode t h e  LEM would s e r v e  a s  a n  a i r  l o c k ,  w i t h  e x i t  and e n t r a n c e  
th rough  t h e  LEM-ascent-stage e x t e r n a l  h a t c h .  

S e c t i o n  1 o f  t h e  Block II S e r v i c e  Module has been k e p t  empty t o  accommo- 
d a t e  exper iments ,  and d e s i g n s  have been made t o  u t i l i z e  t h i s  space .  One 
s u c h  concep t  i s  c a l l e d  t h e  Experiment P a l l e t .  T h i s  p a l l e t ,  shown i n  F i g u r e  
7 ,  o c c u p i e s  210 c u b i c  f e e t  of  u n p r e s s u r i z e d  s p a c e ,  i s  s t r u c t u r a l l y  l i m i t e d  
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t o  5 ,000 l b s .  of t o t a l  w e i g h t ,  and c a n  c a r r y  exper iments  and a s s o c i a t e d  
s u p p o r t  equipment.  Design s t u d i e s  have i n d i c a t e d  t h a t  approximately  
3 ,500 l b s .  of exper iments  i n  a  volume of 115 cub ic  f e e t  can be  c a r r i e d  
i n  t h e  p a l l e t ,  a l o n g  w i t h  equipment t o  suppor t  t h e  exper iments .  T y p i c a l l y ,  
t h i s  s u p p o r t  equipment would i n c l u d e :  

An e l e c t r i c a l  power supply c o n s i s t i n g  o f  400 l b s .  of b a t t e r i e s  
supp ly ing  35 Kw-hr. of energy.  I n  a d d i t i o n  t o  28 d -c ,  i n v e r t e r s  
can  supply 115v, 3  phase ,  400 c p s .  a - c  power. 

A  thermal  c o n t r o l  system u s i n g  a  w a t e r  c o o l i n g  loop  which can  
remove 1 ,600  BTU/hr. and m a i n t a i n  a  temperature  of 70U f 2 5 ' ~ .  

A d a t a - h a n d l i n g  system t o  s t o r e  and t r a n s m i t  51.2  k b i t s l s e c .  
o f  PCM t e l e m e t r y  from t h e  s p a c e c r a f t  a n t e n n a s .  

C o n t r o l s  and d i s p l a y s  i n  t h e  Command Module t o  pe rmi t  a s t r o n a u t  
o p e r a t i o n  of exper iments  i n  t h e  p a l l e t .  

T h i s  p a l l e t  o f f e r s  a  p l a t f o r m  t o  suppor t  exper iments  independen t ly  o f  
t h e  CSM subsystem, b u t  w i t h  i n t e r f a c e s  on t h e  d i s p l a y s ,  c o n t r o l s  and 
communications.  



10 Ear th-Orbi ta l  Experiments 

Some of t he  E a r t h - o r b i t a l  experiments t h a t  have been s tudied  a r e  
summarized i n  Figure 8 where they a r e  divided,  f o r  convenience, i n t o  
f o u r  c a t e g o r i e s  - -  space sc i ences ,  Ear th-or ien ted  a p p l i c a t i o n s ,  t ech-  
no log ica l  i n v e s t i g a t i o n s ,  and development of space opera t ions .  It 
should be noted t h a t  the  ca t egor i e s  a r e  made i n  terms of the  ob jec t ives  
r a t h e r  than the equipment required f o r  any p a r t i c u l a r  experiment, s ince  
a  q u a l i f i e d  p i ece  of equipment can 'be  u t i l i z e d  i n  more than one of t he  
c a t e g o r i e s .  

Based on pre l iminary  s t u d i e s ,  near ly  200 meaningful Ea r th -o rb i t a l  
experiments have been i d e n t i f i e d ;  i n  Figure 8 ,  170 of these have been 
analyzed by category t o  show a t y p i c a l  d i s t r i b u t i o n  of time i n  manhobrs 
requi red  t o  conduct experiments i n  f l i g h t .  The assoc ia ted  o u t l i n e  shows 
the  numbers of experiments i n  each category.  Only a  year  ago the  number 
of manned experiments i d e n t i f i e d  t o t a l e d  l e s s  than 100. It seems reason- 
a b l e  t o  assume t h a t ,  a s  our-knowledge and i n t e r e s t  i n  space grow, t he  
numbers of experiments w i l l  cont inue t o  grow and even exceed our i nc reas -  
ing  payload c a p a b i l i t y .  The l a r g e r  manhour e f f o r t  i n  science -- 42% of 
t he  t o t a l  -- i s  i n d i c a t i v e  of p o t e n t i a l  opportuni ty f o r  s c i e n t i f i c  r e -  
search  i n  o r b i t a l  l a b o r a t o r i e s .  



One i n t e r e s t i n g  r e s u l t  o f  t h i s  s t u d y  of  exper iments  i s  t h a t  many o f  
them c a n  u t i l i z e  common equipment.  By good p l a n n i n g  and s c h e d u l i n g ,  con- 
s i d e r a b l e  economies i n  equipment c o s t s  and i n  numbers of f l i g h t s  r e q u i r e d  
c a n  b e  a c h i e v e d .  For  example,  t h e  same t e l e s c o p i c  o p t i c s  c a n  be  used f o r  
imaging and f o r  s p e c t o g r a p h i c  a n a l y s e s .  S i m i l a r l y ,  t h e  m u l t i - s p e c t r a l  
s e n s o r s  a n d ,  pe rhaps  t h e  r a d a r  o r  micro-wave d e t e c t i o n  equipment,  which 
might  b e  used f o r  examining a g r i c u l t u r a l  a r e a s  and f o r e s t s ,  cou ld  a l s o  be 
a d a p t e d  t o  t h e  v a r i o u s  problems of  oceanography and t r a f f i c  m o n i t o r i n g  on 
t h e  s e a s .  For  t h e  n e a r l y  200 exper iments  p r e s e n t l y  i d e n t i f i e d  f o r  E a r t h -  
o r b i t a l  m i s s i o n s ,  commonality o f  equipment could  reduce t h e  t o t a l  o r b i t e d  
payload we igh t  by a f a c t o r  o f  more than  t h r e e .  

A s e l e c t i o n  of  some 85 o f  t h e s e  exper iments  h a s  been used a s  a  
b a s i s  f o r  p r e l i m i n a r y  d e f i n i t i o n  of  12 E a r t h - o r b i t a l  m i s s i o n  t y p e s .  
These a r e  d e s c r i b e d  i n  T a b l e  1 ( o m i t t e d ) .  Regimes f o r  t h e s e  m i s s i o n s  
range  from l o w - a l t i t u d e ,  l o w - i n c l i n a t i o n  f l i g h t s  y i e l d i n g  the  maxi- 
mum payload we igh t  from t h e  S a t u r n  I B  t o  p o l a r  and synchronous o r b i t s  
u s i n g  t h e  S a t u r n  V. 

I l l u s t r a t i v e  Miss ions  

The p o s s i b l e  s c i e n t i f i c  and t e c h n o l o g i c a l  ~ b j e c t i v e s  of E a r t h -  
o r b i t a l  m i s s i o n s  may be grouped i n  v a r i o u s  ways. I have chosen a s  
i l l u s t r a t i o n  f o u r  examples of  miss ion  grouping which cover  t h e  
f o l l o w i n g  p r imary  o b j e c t i v e s :  

(1 )  Astronomy 
(2 )  B i o s c i e n c e / P h y s i c a l  Science  
(3 )  E a r t h - O r i e n t e d  A p p l i c a t i o n s  (Remote-Sensing) 
(4) Space Operat ions/Technology 

These t y p i c a l  m i s s i o n s  a r e  d e s c r i b e d  below w i t h  i l l u s t r a t i v e  e x p e r i -  
men ta l  p a y l o a d s .  The exper iments  d i s c u s s e d  i n  t h e s e  sample miss ions  
were  d e f i n e d  by NASA f o r  purposes  of  s tudy  o n l y .  They a r e  cons ide red  
t y p i c a l  o f  exper iments  which might b e  proposed by t h e  s c i e n t i f i c  and 
t e c h n o l o g i c a l  communities f o r  f l i g h t  on 45 t o  90 day extended Apol lo  
E a r t h - o r b i t a l  m i s s i o n s .  

Astronomy Miss ions  

The o b j e c t i v e s  o f  t h e s e  m i s s i o n s  a r e  t o  perform b o t h  r a d i o  and o p t i -  
c a l  a s t r o n o m i c a l  o b s ~ r v a t i o n s  a t  o r b i t a l  a l t i t u d e s  above t h e  impeding 
l a y e r s  i n  t h e  E a r t h ' s  atmosphere and ionosphere .  The o r b i t a l  vantage p o i n t  
would a l l o w  o p t i c a l  astronomy f r e e  of  a tmospher ic  d i s t o r t i o n ;  and i t  would 
a l l o w  r a d i o  wave- length  o b s e r v a t i o n s  t o  be  extended below 1 cm, where 
a tmospher ic  a b s o r p t i o n  due t o  oxygen and w a t e r  vapor  b e g i n s ,  and above 
30 m e t e r s ,  where r e f l e c t i o n  o f  l o n g e r  waves i n  t h e  ionosphere  t a k e s  p l a c e .  



The payload f o r  the  astronomy missions could be composed of an 
o p t i c a l  t e lescope  wi th  s u i t a b l e  f i l t e r s ,  cameras, e t c .  t o  opera te  i n  both 
a n  imaging and spectrophotometr ic  mode; a rad io- te lescope  t o  measure r ad io  
wave f l u x  and s p e c t r a l  p r o p e r t i e s  a t  wavelengths of 30 m o r  g r e a t e r ;  and 
a space r a d i a t i o n  te lescope  t o  measure cosmic ray and gamma ray f l u x  and 
energy s p e c t r a .  

A t y p i c a l  astronomy mission would be i n  an  Earth-synchronous o r b i t  of 
a l t i t u d e  19,350 NM and i n c l i n a t i o n  OO.  The du ra t ion  i s  45 days, w i t h  a 
crew of t h r e e .  

This  mission has been planned pr imar i ly  f o r  astronomical  experiments,  
which w i l l  o b t a i n  s p e c t r a l  and photometric da t a  i n  the x-ray, v i s u a l  and 
i n f r a r e d  po r t ions  of the spectrum from var ious  po in t s  of i n t e r e s t  through- 
ou t  t he  c e l e s t i a l  sphere.  These po in t s  c o n s i s t  of e i t h e r  d i s c r e t e  s t e l l a r  
sources o r  d i f f u s e  p a t t e r n s  of i n t e r s t e l l a r  media, p lus  a per ioa  ~f Earth-  
po in t ing  experiments f o r  conjugate aurora observa t ions .  

There has a l s o  been included a secondary a r r a y  of experiments con- 
s i s t i n g  of observa t ions  of l i v i n g  organisms exposed t o  the  space environ-  
ment, a deployable maneuverable s a t e l l i t e ,  an extendable antenna rod f o r  
r a d i o  astronomy measurements, and a deployable communications s a t e l l i t e  
(pass ive)  i n  t h e  form of a s o l a r  s a i l .  The s e l e c t i o n  of the secondary 
experiments was based on t h e i r  l ack  of d e f i n i t e  po in t ing  requirements.  
Hence, any c o n f l i c t  w i th  the poin t ing  requirements of the primary a s t r o -  
nomical experiments w i l l  be minimized. 

I n  o r d e r  t o  achieve the most advantageous viewing condi t ions  through- 
ou t  t h e  45-day mission f o r  the  primary astronomical  experiments,  the  space- 
c r a f t  i s  i n j e c t e d  i n t o  a synchronous o r b i t  (19,350 NM a l t . )  and pos i t ioned  
over ground f a c i l i t i e s  compatible w i t h  the  requirements of the  mission.  One 
day i s  given t o  s e t  up of t he  var ious  experiments.  EVA'S a r e  necessary f o r  
r e t r i e v a l  of t he  micro-organism specimens and "redocking" of the  small  
maneuverable s a t e l l i t e .  

The space v e h i c l e  c o n s i s t s  of a Saturn V launch vefi.icle, an  extended 
CSM, and a LEM-Lab wi th  a scen t  and descent  s t a g e s .  The experiments c a r r i e d  
a r e  summarized i n  Table 2 (omitted) g iv ing  equipment l o c a t i o n  and weight.  



The spacec ra f t  f o r  t h i s  mission i s  shown i n  Figures 9 and 10. 
Nominal spacec ra f t  a t t i t g d e  is  i n e r t i a l l y  o r i en t ed .  Atti-tude i s  he ld  
w i t h i n  a deadband of f 5 except dur ing  experiment per iods  having s p e c i f i c  
po in t ing  and s t a b i l i t y  requirements.  Experiment po in t ing  and s t a b i l i t y  
requirements  exceeding CSM c a p a b i l i t y  a r e  accommodated by i n s t a l l i n g  the  
experiment t e l e scopes  on gimballed mounts and providing f i n e  guidance 
and c o n t r o l  systems w i t h i n  the  te lescopes .  



The astronomy exper iments  a r e  a l l  a l i g n e d  p a r a l l e l  t o  t h e  l o n g i -  
t u d i n a l  a x i s  o f  t h e  s p a c e c r a f t  and a r e  c o n t r o l l e d  from a n  a s t r o n o m e r ' s  
c o n s o l e  on t h e  r i g h t  s i d e  o f  t h e  LEM forward c a b i n .  Access t o  t h e  t e l e -  
scope and coronagraph i s  provided from i n s i d e  t h e  LEM f o r  r e a d i l y  changing 
cameras ,  magazines and spec t rographs .  A common TV v iew-f inder  and two 
b o r e s i g h t  s t a r  t r a c k e r s  p rov ide  i n p u t s  f o r  o r i e n t a t i o n  and c o n t r o l .  
S p a c e c r a f t  p o i n t i n g  accuracy  f o r  t h e s e  exper iments  i s  f0.5'. The t e l e -  
s c o p e s ,  coronagraph,  and con juga te  a u r o r a  exper iments  a r e  gimbal led and 
i n c o r p o r a t e  f i n e  e r r o r  s e n s o r s  t o  meet i n d i v i d u a l  r equ i rements .  



A c o n t r o l  c o n s o l e  on t h e  l e f t  s i d e  of t h e  LEM forward c a b i n  i s  
used f o r  t h e  space s t r u c t u r e s ,  c o n j u g a t e  a u r o r a ,  and s u b s a t e l l i t e  ex- 
p e r i m e n t s .  A l l  food f o r  t h e  miss ion  i s  s t o r e d  i n t e r n a l l y .  A 7-day 
supp ly  o f  LiOH i s  s t o r e d  i n t e r n a l l y  and i s  r ep laced  d u r i n g  scheduled 
e x t r a - v e h i c u l a r  a c t i v i t y  from e x t e r n a l  s t o r a g e .  

E x t e r n a l l y ,  t h e  space s t r u c t u r e s  technology,  con juga te  a u r o r a ,  and 
maneuverable s u b s a t e l l i t e  a r e  checked o u t ;  t h e  l a t t e r  i s  launched from, 
and recovered  by,  i t s  launch package mounted on the  r a c k .  The sub- 
s a t e l l i t e  i s  r e f u e l e d  and i t s  f i l m  ob ta ined  dur ing  EVA. 

Suppor t ing  e l e c t r o n i c s  and s p a r e s  f o r  exper iments  a r e  c a r r i e d  i n  
t h e  a f t  equipment bay of t h e  Ascent S tage .  S t m c t u r a l  m o d i f i c a t i o n s  
t o  t h e  LEM Ascent S tage  a r e  l i m i t e d  t o  t h e  i n c o r p o r a t i o n  of a n  a i r l o c k  
below t h e  f l o o r  p a n e l  i n  t h e  forward c a b i n  t o  accommodate t h e  coronagraph.  
The t e l e s c o p e  a i r l o c k  i s  des igned  t o  mount i n  t h e  e x i s t i n g  a s c e n t  eng ine  
h a t c h .  The Descent  Stage s t r u c t u r e  must be reworked t o  accommodate t h e  
coronagraph.  

I n  a d d i t i o n  t o  t h e  s t a n d a r d  CSM/LEM i n t e r f a c e ,  t h i s  f l i g h t  r e q u i r e s  
a d d i t i o n a l  w i r i n g  t o  accommodate t h e  p o i n t i n g  requirements  of t h e  e x p e r i -  
ments .  I n t e r f a c e  w i r i n g  i n c l u d e s  s t a r  t r a c k e r  i n p u t s  t o  m a i n t a i n  a t t i -  
tude ho ld  and command d a t a  f o r  t h e  f l i g h t  c o n t r o l l e r  f o r  manual c o n t r o l  
o f  s p a c e c r a f t  s l ewing  o p e r a t i o n s .  

Th i s  f l i g h t  u t i l i z e s  a n  Apollo CSM f u e l  c e l l  e l e c t r i c a l  g e n e r a t i o n  
system,  a  LEM environmental  c o n t r o l  system (ECS) t o  p rov ide  s u i t  c i r c u i t  
o p e r a t i o n  i n  t h e  Lab d u r i n g  EVA, and s e l e c t e d  components t o  p rov ide  d a t a  
t r a n s m i s s i o n ,  s t a t u s  and a p p r o p r i a t e  d i s p l a y s .  

The l a r g e  number of r o t a t i o n a l  maneuvers r e q u i r e d  by some of  t h e  
exper iments ,  t o g e t h e r  w i t h  t h e  g r a v i t y  g r a d i e n t  d i s t r u b a n c e  t o r q u e s ,  c r e a t e  
l a r g e  r e a c t i o n  c o n t r o l  sys tem (RCS) p r o p e l l a n t  r equ i rements .  There fore  
f o u r  s e t s  o f  LEM RCS t a n k s  a r e  c a r r i e d  i n  t h e  s e r v i c e  module. 

B i o s c i e n c e / P h y s i c a l  Sc ience  Labora to ry  Miss ions  

The g o a l  o f  t h e s e  m i s s i o n s  i s  t h e  d e t e r m i n a t i o n  of t h e  e f f e c t s  o f  
extended p e r i o d s  o f  w e i g h t l e s s n e s s  and t h e  development of t echn iques  t o  
c o u n t e r a c t  t h o s e  e f f e c t s  which a r e  a d v e r s e  t o  man's w e l l - b e d g .  Such 



i n v e s t i g a t i o n s  a r e  a  necessary s t e p  i n  preparing f o r  extensive use of 
man i n  space.  The extended Apollo not  only permits  extending man's time 
i n  space b u t  provides the  c a p a b i l i t y  f o r  including t r a ined  medical ob- 
s e r v e r s  on t h e  mission and f o r  us ing  var ious  means of therapy t o  counter -  
a c t  any adverse e f f e c t s  of space f l i g h t .  

P o  of the major a r e a s  of i n t e r e s t  a r e  the e f f e c t s  of weight lessness  
on the  card iovascular  and musculoskeletal  systems. Short-time experience 
t o  d a t e  i n d i c a t e s  p o t e n t i a l  problems such a s  a r t e r i a l  decondit ioning and 
l o s s  of calcium from the system. However, such symptoms could r e s u l t  
from s e v e r a l  causes;  t h e r e f o r e ,  a  wel l -cont ro l led  s e r i e s  of experiments 
must be c a r r i e d  out  t o  determine the  causes and e f f e c t s .  It i s  necessary 
t o  e s t a b l i s h  the  most s i g n i f i c a n t  s e t  of measurements which can be made 
t o  monitor adequately the  long-term e f f e c t s  of weight lessness  and t o  
s e l e c t  the  most compact instrument package t o  make these  measurements. 

With the c a p a b i l i t y  of Apollo, i t  should a l s o  be poss ib l e  t o  i n v e s t i -  
ga t e  va r ious  means of therapy f o r  undesirable  space e f f e c t s  i f  they should 
occur .  Such therapy may be r e l a t i v e l y  simple, such a s  exe rc i se ,  o r  might 
involve the c r e a t i o n  of an a r t i f i c i a l  g rav i ty  environment. 

I n  a d d i t i o n  t o  biomedical /behavioral  experiments,  i t  should be 
p o s s i b l e  t o  c a r r y  out  on these missions a  nember of fundamental exper i -  
ments t o  observe the  e f f e c t  of the absence of g r a v i t a t i o n a l  forces  on 
phys i ca l ,  chemical and l i f e  processes .  Examples of some of these  exper i -  
ments a r e  a s  fo l lows:  

(a)  Physics  - a  measurement of extremely small  phys ica l  e f f e c t s  
on t e s t  bod ie s ,  such a s  l i g h t  pressure  and r e c o i l  r e a c t i o n  
dur ing  r ad ioac t ive  decay. 

(b) Physics  - observa t ion  of r e l a t i v i s t i c  precess ion  of a  gyro- 
scope during spacec ra f t  o r b i t .  

( c )  Chemistry - e f f e c t  of zero g rav i ty  and reduced pressure  on 
exothermic chemical r eac t ions  . 

(d) Bioscience - i n v e s t i g a t i o n  of hea l ing  process  under zero 
g rav i ty '  cond i t i ons  . 

( e )  Bioscience - e f f e c t  of zero g rav i ty  on p l a n t  growth. 



The space veh ic l e  would c o n s i s t  of a  Saturn I B  launch veh ic l e ,  an 
extended CSM, and a  LEN-Lab wi th  a scen t  and descent  s t ages .  The expe r i -  
ments c a r r i e d  a r e  summarized i n  Table 3 (omi t ted) .  The spacec ra f t  f o r  
t h i s  mission i s  shown i n  Figures  11 and 12. A t y p i c a l  Bioscience/Physical  
Science Laboratory mission would be i n  an o r b i t  of 200 NM a l t i t u d e  and 
28.5' i n c l i n a t i o n .  The du ra t ion  might be 45 days wi th  a  crew of t h r e e .  



Ear th-Or ien ted  App l i ca t i ons  Miss ions  (Remote-Sensing) 

The o b j e c t i v e  of t h e s e  miss ions  i s  t h e  obse rva t i on ,  by remote s enso r s ,  
of f e a t u r e s  b o t h  on and above t he  E a r t h ' s  s u r f a c e  and t h e  u t i l i z a t i o n  of 
t h e  in format ion  o b t a h e d  f o r  the  b e n e f i t  of men on E a r t h .  Among the  a r e a s  
which g ive  promise o f  d i r e c t  b e n e f i t s  a r e  meteorology, oceanography, 
geology,  geography, hydrology,  a g r i c u l t u r e ,  f o r e s t r y ,  and upper a tmospher ic  
phys i c s .  I n  many c a s e s  a common exper imenta l  package can s e rve  a v a r i e t y  
of  d i s c i p l i n e s .  The emphasis of t h e s e  miss ions  i s  on b o t h  the  a c q u i s i t i o n  
of s c i e n t i f i c  knowledge and t h e  d e r i v a t i o n  of  p r a c t i c a l  b e n e f i t s  t o  mankind 



Space Operat ions/Technolopy Miss ions  

The o b j e c t i v e s  of  t h i s  c l a s s  of  m i s s i o n s  a r e ,  f i r s t  of a l l ,  t o  
demons t ra te  man 's  a b i l i t y  t o  perform u s e f u l  t a s k s  i n  s p a c e ,  and t o  t a k e  
s t e p s  t o  improve h i s  c a p a b i l i t i e s .  Secondly ,  exper iments  on t h e s e  
m i s s i o n s  would be des igned  t o  make t h e  s p a c e c r a f t  and i t s  subsystems 
more compat ib le  w i t h  extended p e r i o d s  of  f l i g h t .  The development of 
advanced subsystems i s  a  n e c e s s a r y  p r e c u r s o r  t o  more e x t e n s i v e  o p e r a t i o n s  
i n  s p a c e .  

Space o p e r a t i o n s  i n c l u d e  t h e  g e n e r a l  a r e a s  of a s t r o n a u t  and space-  
c r a f t  maneuvering and t h e  performance of  f u n c t i o n a l  t a s k s  such a s :  

( a )  e x t r a v e h i c u l a r  m o b i l i t y  w i t h  a  maneuvering u n i t ;  
(b)  rendezvous  w i t h  o t h e r  s a t e l l i t e s ;  
[c)  ma in tenance  o f  onboard and e x t r a v e h i c u l a r  equipment;  
(d )  e v a l u a t i o n  o f  docking and ca rgo  t r a n s f e r  t echn iques  

f o r  rendezvous  m i s s i o n s ;  
( e )  e r e c t i o n  o f  s t r u c t u r e s  i n  s p a c e .  

T e c h n o l o g i c a l  exper iments  a r e  aimed toward e v a l u a t i o n  and improve- 
ment o f  s p a c e c r a f t  sybsystems and m a t e r i a l s  such a s :  

( a )  env i ronmenta l  c o n t r o l  sys tems ;  
( b )  f i r e  and b l a s t  p r o t e c t i o n  i n  t h e  s p a c e c r a f t  a tmosphere;  
(c) long- te rm exposure  e f f e c t s  on s p a c e c r a f t  m a t e r i a l s ;  
( d )  development t e s t i n g  o f  advanced subsystems.  

Lunar Miss ions  

The major  o b j e c t i v e  of  t h e s e  miss ions  i s  the  e x p l o r a t i o n  of  t h e  
Moon i n  o r d e r  t o  i l l u m i n a t e  s c i e n t i f i c  q u e s t i o n s  concern ing  i t s  o r i g i n ,  
e v o l u t i o n ,  and i n h e r e n t  p r o p e r t i e s  a s  w e l l  a s  t o  i n v e s t i g a t e  i t s  r e l a t i o n -  
s h i p  t o  o t h e r  b o d i e s  i n  t h e  s o l a r  sys tem.  I n  a d d i t i o n ,  a  g r a d u a l  b u i l d u p  
o f  t echno logy  i s  sough t  t o  p rov ide  f o r  o r d e r l y  e x t e n s i o n  of space  e x p l o r a t i o n  
a c t i v i t i e s  d u r i n g  fol low-on programs. 

Large  a r e a  s u r v e y s  from l u n a r  o r b i t  w i l l  have g r e a t  u t i l i t y  i n  sup- 
p lement ing  t h e  extended l u n a r  s u r f a c t  m i s s i o n s .  By i n t e r l e a v i n g  o r b i t a l  
m i s s i o n s  and l u n a r  s u r f a c e  m i s s i o n s ,  i t  w i l l  b e  p o s s i b l e  t o  c o r r e l a t e  bo th  
t y p e s  o f  d a t a  t o  e n a b l e  p roper  p l a n n i n g  of  each succeed ing  m i s s i o n .  

Lunar O r b i t a l  ~ i s s i b n s  

The o b j e c t i v e  of  l u n a r  o r b i t a l  m i s s i o n s  i s  t o  survey t h e  Moon, i n c l u d -  
i n g  p o t e n t i a l  s i t e s  f o r  extended s u r f a c e  m i s s i o n s ,  a s  w e l l  a s  s i t e s  which 
o f f e r  i n t e r e s t i n g  p o s s i b i l i t i e s  f o r  s u r f a c e  checks b u t  do n o t  a p p e a r  worthy 
o f  a  manned s u r f a c e  m i s s i o n .  Obviously any  such l a r g e  a r e a  coverage would 
s e r v e  t o  e x t r a p o l a t e  knowledge from s u r f a c e  m i s s i o n s  t o  o t h e r  s i m i l a r  a r e a s .  



The d e s i r e d  i n f o r m a t i o n  cou ld  be  o b t a i n e d  through t h e  use of remote 
s e n s o r s  (cameras ,  r a d a r ,  e t c . )  and o r b i t - t o - s u r f a c e  p robes ,  such  a s  
Surveyor  d e r i v a t i v e s .  

A t y p i c a l  o r b i t a l  survey payload would c o n s i s t  of remote s e n s o r s  
r a n g i n g  th rough  t h e  e l e c t r o m a g n e t i c  spectrum from VHF tox- ray ,  i n c l u d i n g  
r a d a r  and p a s s i v e  microwave, i n f r a r e d ,  t h e  v i s i b l e  spectrum, and u l t r a -  
v i o l e t .  The o b j e c t i v e s  would p e r t a i n  t o  t h e  s u r f a c e  e l e c t r i c a l  p r o p e r t i e s ,  
the rmal  s t r u c t u r e ,  e l e m e n t a l  composi t ion,  mineralogy,  and geology of  t h e  
Moon. The payload cou ld  i n c l u d e  from two t o  s i x  p r o b e s ,  des igned t o  a s -  
c e r t a i n  l u n a r  environment and s u r f a c e  composi t ion.  

A s  p r e s e n t l y  conce ived ,  t h e  l u n a r  o r b i t  survey miss ions  would be 
performed u s i n g  a LEM-Laboratory module a s  shown i n  F igure  13.  



Lunar Surface Missions 

The lunar  su r f ace  missions a r e  viewed a s  a  l o g i c a l  ex tens ion  of the  
bas i c  Apollo mission.  The ob jec t ive  of these  missions i s  observa t ion  and 
t e s t i n g  i n  the  v i c i n i t y  of the  landing s i t e  and the r e t u r n  of l una r  ma te r i a l  
t o  the Ea r th  f o r  a n a l y s i s .  The information obtained from such missions may 
hold the  key t o  many t h e o r i e s  on not  only the o r i g i n  of the  Moon but  a l s o  
on the  whole ques t ion  of t he  o r i g i n  of the Ea r th  and the s o l a r  system. 

The su r f ace  missions a r e  intended t o  provide a  s i g n i f i c a n t  i nc rease  
i n  s c i e n t i f i c  r e t u r n  from the Moon by: 

(1) Inc reas ing  the  su r f ace  s t a y  time 
( 2 )  I nc reas ing  the  s c i e n t i f i c  ins t rumenta t ion  
( 3 )  Inc reas ing  a s t r o n a u t  mob i l i t y  

An extended Apollo luna r  sur face  mission,  a s  p re sen t ly  conceived, 
c o n s i s t s  of a  l una r  f l i g h t  t o  d e l i v e r  an  unmanned LEM-Shelter (Figure 14) 



t o  t h e  l u n a r  su r f ace ,  i n  conjunct ion wi th  another  f l i g h t  w i t h  a  LEM-Taxi 
(Figure 15) t o  execute a  manned lunar  landing and subsequent sur face  
ope ra t ions .  Such a  mission would permit  the  a s t ronau t s  to 'work on the  
Moon f o r  about  two weeks a s  compared wi th  approximately one day f o r  Apollo. 
The i r  work could a l s o  become more e f f i c i e n t  through the  inc lus ion  i n  t he  
payload of a  mob i l i t y  a i d  such a s  a  small  roving veh ic l e  o r  a  rocke t -  
powered f l y i n g  veh ic l e .  



During the  lunar  s t a y ,  the crew would be ab le  t o  conduct geologica l  
and geophysical  experiments,  survey nearby a r e a s ,  sample the  lunar  ma te r i a l  
w i t h  a core d r i l l ,  and s e t  up an  unmanned emplaced s c i e n t i f i c  s t a t i o n  which 
w i l l  remain t o  opera te  f o r  long per iods  of time. 

The LEM-Shelter se rves  both a s  l i v i n g  qua r t e r s  f o r  the crew and a s  
a labora tory  where pre l iminary  sample ana lyses ,  p repa ra t ion  and packing 
can be done. Several  hours pe r  day could be spent  monitoring da t a  
gathered by t h e  emplaced s c i e n t i f i c  s t a t i o n .  This s t a t i o n  would r equ i r e  
one o r  two days t o  s e t  up and would then opera te  unattended f o r  perhaps a 
yea r .  Examples of p o s s i b l e  instruments  f o r  the emplaced s c i e n t i f i c  s t a t i o n  
a r e  : 

Gravimeters 
Seismometers 
Mass Spectrometer 
Magnetometer 

Radiat ion Detec tors  
Sol id  P a r t i c l e  Detectors  
Te lev is ion  
Bore-Hole Probes 

The roving veh ic l e  envisaged f o r  the  extended luna r  mission should 
be a b l e  t o  c a r r y  an  a s t r o n a u t  i n  h i s  space s u i t  throughout a n  immediate 
a r e a  of approximately s i x  mi les  i n  rad ius  and a l s o  c a r r y  some s c i e n t i f i c  
equipment. 

It appears  t h a t  a g r e a t  d e a l  of time can be spent  by the  a s t r o n a u t s  
i n  c a r r y i n g  ou t  ex t ens ive  geologica l  and geophysical surveys over r e l a -  
t i v e l y  small  a r e a s .  The information can then be ex t r apo la t ed  t o  l a r g e r  
a r e a s  through the use of o r b i t a l  observa t ions .  

Concluding Remarks 

The broad ob jec t ives  of the ~aturn/Apollo.a~plication missions,  
E a r t h - o r b i t a l  and luna r ,  a r e :  

(1) Evaluate  and extend man's c a p a b i l i t i e s  t o  opera te  i n  space 
e f f e c t i v e l y  a s  a n  a s t ronau t  and a s  a s c i e n t i s t .  

(2)  Conduct observa t ions  of the  Ear th ,  e x t r a - t e r r e s t r i a l  pheno- 
mena, and experimanets dependent on the space environment. 

(3 )  Qualify systems and crews f o r  subsequent long-durat ion space 
missions.  

(4) To explore ,  map and survey the Moon. 



Throughout t h e s e  extended Apol lo  m i s s i o n s ,  t h e  pr imary emphasis w i l l  be 
on s c i e n c e  and a p p l i c a t i o n s  exper iments .  

The f o u n d a t i o n  f o r  any long-range and broad n a t i o n a l  space  program i s  
a  s t r o n g  manned E a r t h - o r b i t a l  program. For example, the  approach t o  f u t u r e  
manned p l a n e t a r y  m i s s i o n s  w i l l  depend no t  o n l y  on what i s  l e a r n e d  from un- 
manned m i s s i o n s  such  a s  Mariner  and Voyager, b u t  a l s o  what we l e a r n  i n  
E a r t h  o r b i t  a b o u t  t h e  e f f e c t s  on crew members of long-term confinement and 
reduced a n d / o r  i n t e r m i t t e n t  a r t i f  i c i a l - g r a v i t y  f i e l d s ,  a s  w e l l  a s  on t h e  
E a r t h - o r b i t a l  q u a l i f i c a t i o n  of  ex tended-dura t ion  l i f e  suppor t  and power 
sys tems .  

Man's g r e a t e s t  c o n t r i b u t i o n s  i n  space  w i l l  come when he can b r i n g  h i s  
i n t e l l i g e n c e  t o  b e a r  on t h e  s p o t .  He i s  needed a s  e x p l o r e r ,  s c i e n t i s t ,  and 
c r e a t i v e  man o f  judgment, a s  w e l l  a s  s e n s o r ,  f i l t e r ,  d a t a  p r o c e s s o r ,  p a t t e r n  
r e c o g n i z o r ,  and m a n i p u l a t o r .  It is  my f e e l i n g  t h a t  we need g r e a t l y  t o  i n -  
c r e a s e  t h e  exposure  of  man's  mind t o  t h e  c a p a b i l i t i e s  -- and ,  e s p e c i a l l y ,  
t h e  s u r p r i s e s  -- o f  t h e  space  environment i n  o r d e r  t o  e n a b l e  man t o  under-  
s t a n d  what i s  p o s s i b l e  and what i s  no t  p o s s i b l e ;  t o  develop the  equipment 
and s k i l l s  f o r  c a r r y i n g  o u t  a  v a r i e t y  of m i s s i o n s  and t o  do t h a t  a s  e x p e d i -  
t i o u s l y  a s  p o s s i b l e  s o  t h a t  we can  make t h e  most of  o u r  p r e s e n t  achievements .  

The a p p l i c a t i o n  o f  Apol lo  and S a t u r n  equipment p r o v i d e s  t h e  means, 
based  on l aunch  v e h i c l e s  and s p a c e c r a f t  now under development,  t o  accompl ish  
t h i s  prolonged exposure  and e x p e r i e n c e  of  man i n  t h e  space  environment a s  
w e l l  a s  t h e  e a r l y  e x p l o r a t i o n  of  t h e  Moon. And i t  i s  t h i s  exper ience  w i t h  
manned space  o p e r a t i o n s  which w i l l ,  i n  t u r n ,  e n a b l e  us  t o  d e f i n e  the  next  
s i g n i f i c a n t  s t e p s  t h a t  we w i l l  want t o  t ake  i n  s p a c e .  
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