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I n  t h e  e a r l y  years  of t h e  space program, we worked hard t o  

make s i g n i f i c a n t  accomplishments w i th  t h e  only veh ic l e s  a v a i l a b l e  

t o  u s  - those  der ived from t h e  m i l i t a r y  m i s s i l e s  - i n  order  t o  

keep space a c t i v i t y  from being predominantly a Soviet  a r e a  of 

achievement. We d i d  f a i r l y  w e l l  i n  those e a r l y  yea r s  from 1958 

t o  1961 i n  making some important space d i scove r i e s ,  al though we 

were a l a t e  e n t r y  and al though we were almost hopeless ly  behind 

t h e  Soviet  Union i n  payload c a p a b i l i t y .  

During 1958, t h i s  coun t ry ' s  s a t e l l i t e s  discovered and 

explored t h e  b e l t s  of ene rge t i c  p a r t i c l e s  that  surround t h e  Earth 

and determined t h a t  t h e  Ear th  i s  no t  an ob la t e  sphe r i ca l ,  bu t  

s l i g h t l y  pear-shaped. I n  t h e  second year  of our f l i g h t  e f f o r t ,  

we continued t o  measure t h e  ene rge t i c  p a r t i c l e s  and magnetic 

f i e l d s  i n  space and we s t a r t e d  f l i g h t  t e s t i n g  of t h e  Mercury capsule  

which was t o  pave the way f o r  our manned space f l i g h t  experience.  

I n  1960, our program broadened t o  inc lude  t h e  f i r s t  T i ros  me'teor- 

o l o g i c a l  s a t e l l i t e  launches and t h e  success fu l  launch of t h e  f i r s t  

pass ive  communications s a t e l l i t e  - t h e  Echo s a t e l l i t e  - i n  add i t ion  

t o  cont inuing our i n v e s t i g a t i o n  of p a r t i c l e s  and f i e l d s  i n  space 

and the Mercury capsule  development. 
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Most important during t h e  per iod  1958 t o  1961 was the work 

done t o  i n i t i a t e  t h e  development of systems t h a t  would inc rease  

our space f l i g h t  c a p a b i l i t y  beyond t h e  payloads permi t ted  by t h e  

veh ic l e s  der ived from the  m i l i t a r y  m i s s i l e  systems. 

s t a r t e d  t h e  development of t h e  Centaur hydrogen-oxygen rocket  

designed t o  provide a deep space c a p a b i l i t y  i n  combination wi th  

the  Atlas boos te r .  ARPA started explora tory  development of t h e  

c l u s t e r  of 8 H - 1  l50,OOO pound t h r u s t  engines that l e d  t o  the  f i r s t  

s t a g e  of the Saturn I veh ic l e  - a m i l l i o n  and a h a l f  pound take-off 

t h r u s t  boos t e r .  NASA i n i t i a t e d  development of t h e  F-1 m i l l i o n  and 

a h a l f  pound t h r u s t  rocket  engine only a few months af ter  t h e  agency 

o f f i c i a l l y  s t a r t e d  i t s  opera t ions ,  and l a t e  i n  1960, NASA s t a r t e d  

The A i r  Force 

development of t h e  200,000 pound t h r u s t  J-2 hydrogen-oxygen engine. 

Major f i r s t s  were r e g i s t e r e d  by t h e  Soviet  Union during those 

e a r l y  y e a r s .  I n  1957, t h e  Russians launched t h e  w o r l d ' s  f i r s t  

Earth s a t e l l i t e  and t h e  f i r s t  animal-carrying s a t e l l i t e ;  they had 

launched and recovered many sounding rockets  t h a t  c a r r i e d  dogs t o  

high a l t i t u d e s  previous t o  that o r b i t a l  f l i g h t .  I n  1959, they 

impacted a payload on the moon and photographed the moon's far  s i d e ,  

I n  1960, they launched and recovered a dog-carrying s a t e l l i t e  and i n  

Apr i l  of 1961 they launched t h e  f i r s t  man i n t o  o r b i t  a month before  

our f i r s t  manned s u b o r b i t a l  Mercury f l i g h t  and a year  before  our 

f i r s t  o r b i t a l  f l i g h t .  

another  o r b i t a l  f l i g h t  by Ti tov  i n  August 1961. 

I n  s p i t e  of t h i s  apparent  Soviet  emphasis on space f l i g h t  and 

They followed Gagar in ' s  o r b i t a l  f l i g h t  w i t h  

the boost it gave Sovie t  p r e s t i g e  throughout t h e  world and t h e  sense 

of achievement it gave i t s  own people,  t he re  was a re luc tance  i n  
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those  e a r l y  yea r s  of  t h e  space program t o  commit t h e  United 

S t a t e s  t o  the  kind of i n t e n s i v e  space e f f o r t  t h a t  would c l e a r l y  

demonstrate  and r e - e s t a b l i s h  our lead ing  technologica l  p o s i t i o n  

i n  t h e  w o r l d .  Space exp lo ra t ion  w a s  n o t  considered by many t o  

be s u f f i c i e n t l y  w e l l  understood t o  j u s t i f y  a major i nc rease  i n  

t h i s  coun t ry ' s  program. A s  an example, P res iden t  Eisenhower's 

l as t  budget message submitted t o  the Congress on January 16, 

1961, proposed a NASA budget of $1.1 b i l l i o n  and spoke w i t h  p r i d e  

of our space accomplishments but  caut ioned that ,  "Further  t e s t i n g  

and experimentation w i l l  be necessary t o  e s t a b l i s h  whether t h e r e  

a r e  any v a l i d  s c i e n t i f i c  reasons f o r  extending manned space f l i g h t  

beyond the Mercury program. 11 

Four months l a t e r ,  Gagar in ' s  o r b i t a l  f l i g h t ,  concern about 

the dec l in ing  i n t e r n a t i o n a l  image of t h e  United S t a t e s ,  our 

economic s luggishness ,  the  need f o r  a new v i t a l i t y  and ob jec t ives  

i n  t h i s  country l e d  Pres ident  Kennedy t o  propose a s u b s t a n t i a l  

i nc rease  i n  our space exp lo ra t ion  a c t i v i t y  w i t h  the  g o a l  of landing 

men on t h e  moon i n  t h i s  decade. Though he recognized the s c i e n t i f i c  

impl ica t ions  of such an undertaking, it w a s  apparent  that p o l i t i c a l ,  

economic, and s o c i a l  f a c t o r s  played a major r o l e  i n  a r r i v i n g  a t  t h e  

conclusion that  such a g o a l  w a s  necessary t o  a s su re  a l eade r sh ip  

p o s i t i o n  for t h e  United States i n  a l l  of i t s  n a t i o n a l  and i n t e r -  

n a t i o n a l  i n t e r e s t s .  Pres ident  Kennedy c a l l e d  f o r ,  "a c l e a r l y  

lead ing  r o l e  i n  space achievement, which in  many ways may hold t h e  

key t o  our f u t u r e  on earth.  ' 1  
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We s tand  once again a t  a c r i t i c a l  p o i n t  i n  t h i s  coun t ry ' s  

program of space explora t ion  when s p e c i f i c  goa l s  and ob jec t ives  

must be e s t a b l i s h e d .  Though our a b i l i t y  t o  explore  space i s  far 

g r e a t e r  than  it was i n  1961 and our accomplishments have been 

many and e x c e l l e n t ,  t h e  dec i s ions  we f a c e  now a r e  similar t o  those 

w e  faced i n  1961. We must once again de f ine  t h e  rou te s  w e  should 

take t o  a s su re  that we f u l f i l l  one of t h e  important goa l s  s p e c i f i e d  

i n  t h e  Nat ional  Aeronautics and Space Act of 1958 - " the  p re se rva t ion  

of t h e  r o l e  of t h e  United S t a t e s  as a l e a d e r  i n  a e r o n a u t i c a l  and 

space sc ience  and technology and i n  t h e  a p p l i c a t i o n  t h e r e o f . . . .  If 

We have no t  y e t  achieved t h e  p o s i t i o n  of l eade r sh ip  that  

w a s  c a l l e d  f o r  by P res iden t  Kennedy and that  has been reaff i rmed 

by P res iden t  Johnson. We cannot y e t  be s u r e  t h a t  w e  w i l l  land men 

on t h e  moon i n  t h i s  decade o r  that  we w i l l  be t h e  f i r s t  t o  do so .  

Even i f  we a r e  f i r s t ,  we now have no basis f o r  assuming that we 

w i l l  r e t a i n  the l eade r sh ip  t h a t  such a " f i r s t "  would imply. 

Russian e f f o r t  i n  space i s  s t rong;  i t  i s  growing; i t  i s  thorough; 

i t  i s  broadly based; i t  c o n s t i t u t e s  a l a r g e r  commitment as a 

The 

percentage of t h e  g ross  n a t i o n a l  product than  does ours .  

a lone,  t h e  Russians launched 63 spacec ra f t  - more than t h e  combined 

t o t a l  of t h e  two preceding yea r s .  So far  t h i s  year ,  they  have 

launched 20 s p a c e c r a f t .  

I n  1965 

Our space e f f o r t  i s  now a t  i t s  peak and i s  s t a r t i n g  t o  dec l ine .  

The missions we l a i d  out i n  the e a r l y  yea r s  of t h e  space program 

a r e  now nearing accomplishment. Mercury, Echo, Ti ros ,  Nimbus, OGO, 

OAO, Ranger, Surveyor, Lunar Orbi te r ,  Gemini, B i o s a t e l l i t e ,  a r e  

among t h e  many missions that  are e i t h e r  a l ready  completed o r  w i l l  
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be completed i n  the next  year  o r  two. I n  f a c t ,  t h e  approved 

program p lan  now shows a r ap id  decrease i n  launches a f t e r  1967 

t o  only two Mars Mariner f l i g h t s  i n  1969, a few r e l a t i v e l y  small 

s c i e n t i f i c  and technology missions and s e v e r a l  f l i g h t s  i n  t h e  

Apollo program. Even Apollo, t h e  major e f f o r t  t o  land t h e  f i r s t  

men on t h e  moon i n  t h i s  decade i s  now a t  i t s  peak l e v e l  of e f f o r t  

and i s  beginning t o  decrease.  The f i r s t  manned Apollo spacec ra f t  

f l i g h t  i n  o r b i t  i s  planned f o r  1967 and i t  i s  hoped that  t h e  f i r s t  

luna r  landing w i l l  be accomplished i n  1969. 

The b a s i c  ques t ions  then a r e ,  "What w i l l  our space program 

be c a l l e d  upon t o  accomplish beyond t h e  c u r r e n t l y  approved missions? 

How w i l l  c o n t i n u i t y  of U.  S .  accomplishment i n  space be assured and 

a f l i g h t  gap be avoided, s o  t h a t  space does n o t  become s o l e l y  a 

Soviet  a r e a  of achievement? W i l l  t h i s  coun t ry ' s  v a r i e d  i n t e r e s t s  

and commitments t o  our people and t o  t h e  world include t h e  es tab-  

l ishment of new space goa l s  - beyond Apollo - that  w i l l  a s su re  a 

l ead ing  r o l e  i n  space and i n  t h e  wor ld?"  W i l l  our space explora t ion  

c a p a b i l i t i e s  be f u l l y  u t i l i z e d  o r  allowed t o  disband? 

It i s  a l r eady  t o o  l a t e  t o  a s su re  c o n t i n u i t y  of space accom- 

plishment w i t h  any new major mission goa ls  a t  a r a t e  as high as 

w e  have been experiencing.  With t h e  long development l ead  times 

involved, no new mission ob jec t ive  that  r e q u i r e s  major new hardware 

could be developed t o  c a r r y  on t h e  high l e v e l  of manned space f l i g h t  

a c t i v i t y  and accomplishment such as i n  Mercury, Gemini, and Apollo, 

o r  t o  c a r r y  on the high r a t e  of a c t i v i t y  being maintained i n  our 

unmanned space sc ience  and our  s a t e l l i t e  a p p l i c a t i o n s  f l i g h t  program. 
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Only by us ing  systems that  a r e  a v a i l a b l e  o r  a r e  being 

developed f o r  t h e  c u r r e n t l y  approved missions w i l l  w e  be a b l e  

t o  provide some l e v e l  o f  space program c o n t i n u i t y .  Fortunately,  

our c u r r e n t  program i s  providing a s t rong  c a p a b i l i t y  f o r  space 

a c t i v i t y  i n  systems such as t h e  Apollo spacec ra f t ,  t h e  Lunar 

Excursion Module (LEM) that  w i l l  c a r r y  t h e  men t o  t h e  su r face  of 

t h e  moon, t h e  Saturn V veh ic l e  t ha t  w i l l  launch the Apollo-LESI 

system on the  lunar landing t r i p ,  and the  Saturn I B veh ic l e  t ha t  

w i l l  be used t o  launch t h e  Apollo s p a c e c r a f t  i n t o  an earth o r b i t  

f o r  f l i g h t  t e s t i n g .  We must use t h e s e  systems i f  we a r e  not  t o  

r e t r e a t  t o  simply an observer r o l e .  

The g o a l  of t h e  Apollo Applicat ions Program (AAP) that  i s  

being proposed i s  t o  de f ine  enough s i g n i f i c a n t  space experiments 

that  w i l l  use  a v a i l a b l e  hardware t o  provide needed data f o r  f u t u r e  

missions and t o  a s su re  c o n t i n u i t y  of space a c t i v i t y  u n t i l  new 

missions t h a t  are def ined can be developed and s tar t  t h e i r  f l i g h t  

a c t i v i t i e s ,  AAP t h e r e f o r e  can p l a y  an important r o l e  i n  t h i s  

coun t ry ' s  space program i f  we a r e  t o  appear t r u l y  competi t ive i n  

th i s  a r e a  Qf technologica l  achievement. 

However, t h i s  program i s  n o t  y e t  approved, nor i s  it f u l l y  

def ined .  But enough experiments a r e  being def ined t o  permit a 

s tar t  a t  f i l l i n g  the space accomplishment gap that a l r eady  appears 

i n e v i t a b l e .  Hopefully, enough funds w i l l  be provided i n  the FY 

1968 budget t o  permit t h e  AAP t o  p l a y  i t s  r o l e  as an a s s u r e r  of 

c o n t i n u i t y .  I f  t h e  l e v e l  of a c t i v i t y  i s  n o t  s u f f i c i e n t l y  high 

t o  br idge  the gap between Apollo and any f u t u r e  miss iomgoals ,  

then t h e  f u l l  value of AAP w i l l  n o t  be achieved. On the  o the r  
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hand, i f  AAP i s  approved and supported a t  t h e  f u l l  requi red  

l e v e l ,  without d e f i n i t i o n  and i n i t i a t i o n  of f u t u r e  space f l i g h t  

explora t ion  goa l s ,  then we may n o t  have s u f f i c i e n t l y  c l e a r  space 

mission ob jec t ives  t o  a s su re  a t r u l y  u s e f u l  AAP program. I f  

AAP i s  t o  support  long t e r m  goa ls ,  t hese  goa ls  should be def ined.  

I be l i eve  that  we can s p e c i f y  c l e a r  and long term ob jec t ives  

that  w i l l  cont inue t o  chal lenge our sc ience  and technology, that  

w i l l  i nc rease  our space explora t ion  and s a t e l l i t e  a p p l i c a t i o n  

c a p a b i l i t y ,  that w i l l  provide a cont inuing high r a t e  of accumulation 

of important space knowledge, that  w i l l  a s su re  t h i s  coun t ry ' s  

l eadersh ip  p o s i t i o n  and t h e  r e s u l t i n g  b e n e f i t s  f o r  the United S t a t e s  

and mankind. 

One of t h e  major undertakings that has been suggested f o r  

our follow-on post-Apollo program i s  p l ane ta ry  exp lo ra t ion  leading  

even tua l ly  t o  manned exp lo ra t ion  of Mars and, i f  i t  t u r n s  out  t o  

be hosp i t ab le ,  Venus. 

including unmanned f l i g h t s  t o  Mars and Venus w i t h  w e l l  instrumented 

spacec ra f t ,  manned Earth o r b i t i n g  research  l a b o r a t o r i e s  and space 

s t a t i o n s ,  manned p l a n e t a r y  f lyby  and o r b i t e r  missions from which 

unmanned capsules  could be landed on the p l a n e t ,  and, f i n a l l y ,  

manned landings on Mars and, i f  poss ib l e ,  on Venus. 

Such a program would be  a long term e f f o r t  

A manned p l ane ta ry  mission program would c e r t a i n l y  provide 

an umbrella and a focus f o r  a long term, broadly based, chal lenging 

space program. Indeed, it i s  the broad base of such a long range 

program ob jec t ive  t h a t  I b e l i e v e  provides  i t s  major j u s t i f i c a t i o n .  

I t  would chal lenge technology; i t  would r equ i r e  increased capa- 

b i l i t i e s  i n  almost a l l  of our technologica l  d i s c i p l i n e s  and i n  our 
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bas i c  c a p a b i l i t y  t o  t r a v e l  i n  space; i t  would provide a v a s t  fund 

of s c i e n t i f i c  knowledge and understanding of the solar  system; i t  

would he lp  t o  b e t t e r  understand t h e  o r i g i n  of l i f e  and man; i t  

would maintain t h e  v i t a l  chal lenge t h a t  has generated t h e  i n t e r e s t  

of a l l  of our people and p a r t i c u l a r l y  our young i n  sc ience  and 

engineering; it would have a s i g n i f i c a n t  e f f e c t  on our r e l a t i o n s  

wi th  the o the r  c o u n t r i e s  of t h e  world and could become an important 

fo rce  toward cooperat ion and u n i t y .  Our accomplishments i n  space were 

a happy h i g h l i g h t  i n  t h e  r epor t ing  of t h i s  coun t ry ’ s  world-wide 

i n t e r e s t s  and a c t i v i t i e s  during t h e  p a s t  two weeks. Also, space 

veh ic l e  development became an important i tem f o r  cons idera t ion  i n  

d iscuss ions  a f f e c t i n g  the cooperat ion and u n i t y  of Western Europe 

and d iscuss ions  on opera t ions  on e x t r a t e r r e s t r i a l  bodies appear t o  

o f f e r  an area of agreement and cooperat ion w i t h  t h e  Soviet  Union. 

Such a broadly based program plan would cont inue t o  oyfer  a l l  of 

these oppor tun i t i e s .  

I n  the conduct of such a t o t a l  p l a n e t a r y  mission program, 

nuc lea r  energy would p l ay  an important r o l e .  Nuclear systems now 

under development and systems based on technology t h a t  i s  now being 

developed would be requi red  t o  provide power and propuls ion f o r  t he  

wide v a r i e t y  of missions that would be requi red  i n  this t o t a l  e f f o r t .  

Such a t o t a l  program p lan  would have t o  s t a r t  w i t h  unmanned 

spacec ra f t  s e n t  t o  t h e  p l a n e t s .  Voyager i s  t h e  name given t o  t h e  

program aimed a t  explor ing the near  p l a n e t s ,  Mars and Venus, w i t h  

such l a r g e ,  heav i ly  instrumented, unmanned s p a c e c r a f t .  These 

spacec ra f t  would o r b i t  t h e  p l a n e t  and drop s m a l l  capsules  t o  the 
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su r face  of t h e  p l a n e t  t o  measure subsurface,  sur face ,  and 

atmospheric c h a r a c t e r i s t i c s  and t o  i n i t i a t e  work aimed a t  

de t ec t ing  l i f e .  Study groups of the Space Science Board of 

t h e  Nat ional  Academy of Sciences have c a l l e d  f o r  emphasis on 

such i n v e s t i g a t i o n s  on s c i e n t i f i c  grounds. 

But even t h i s  important mission which has been p a r t  of 

With i t s  space program th inking  s i n c e  1958 i s  n o t  approved. 

p e r s i s t e n c e  i n  launching spacec ra f t  towards Mars and Venus a t  

every opportuni ty ,  t h e  Sovie t  Union leaves  l i t t l e  doubt t h a t  

it has considered p l a n e t a r y  explora t ion  as a major ob jec t ive  

of i t s  space program. However, even i f  approval f o r  Voyager were 

included i n  our F Y  1968 budget, the  f i r s t  Voyager missions t o  

Mars could n o t  be conducted before  1973. I n  t h e  meantime, Mariner 

spacec ra f t  w i l l  go t o  Venus i n  1967 and t o  Mars i n  1969. These 

spacec ra f t  weigh s e v e r a l  hundred pounds and a r e  e s s e n t i a l l y  t h e  

same conf igura t ion  as t h e  Mariner I1 t h a t  passed Venus i n  1962 

and ind ica t ed  very h igh  su r face  o r  atmospheric temperatures,  and 

Mariner I V  t h a t  took t h e  f i r s t  p i c t u r e s  of Mars i n  1964 as t h e  

spacec ra f t  passed wi th in  6200 miles  of t h e  p l a n e t .  These space- 

c r a f t  a r e ,  however, t o o  s m a l l  t o  provide a l l  t h e  data looked f o r  

by the s c i e n t i f i c  community. The c u r r e n t  th inking  on Voyager 

involves  launching two spacec ra f t  systems, each weighing about 

20,000 pounds on a s i n g l e  Saturn V veh ic l e  a t  each Mars launch 

opportuni ty  beyond 1973. The ob jec t ives  w i l l  be t o  p l ace  2500 

pound spacec ra f t  i n t o  o r b i t  around the  p l a n e t  and l a n d  capsules  

ca r ry ing  hundreds of pounds of payload t o  s tudy t h e  p r o p e r t i e s  of 

the  p l a n e t .  
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The a v a i l a b i l i t y  of power f o r  t h e  o r b i t i n g  and landing  

capsules  i s  one area t h a t  r e q u i r e s  f u r t h e r  development. Solar  

energy a t  Mars i s  only one-half the amount t ha t  i s  a v a i l a b l e  a t  

Earth.  Therefore,  s o l a r  c e l l  pane ls  that convert  solar energy 

t o  e l e c t r i c a l  power become l a r g e  i n  a r e a  although they a r e  s t i l l  

f e a s i b l e .  However, on t h e  su r face  of Mars w i t h  i t s  l i m i t e d  

a v a i l a b l e  s o l a r  energy, o the r  power systems must be provided. 

The AEC i s  now working w i t h  the  NASA Je t  Propulsion Laboratory 

t o  determine how nuc lea r  rad io iso tope  heated e l e c t r i c  power 

systems could be incorporated i n t o  the o r b i t i n g  spacec ra f t  system 

and, most important,  i n t o  t h e  landing  capsules .  For t h e s e  a p p l i -  

c a t i o n s  we may need s e v e r a l  hundred w a t t s  of e l e c t r i c a l  power. 

Radioisotope heated systems us ing  thermoelec t r ic  conversion 

of t h e  h e a t  t o  e l e c t r i c i t y  are n o t  new. Four of t hese  systems have 

a l r eady  been used i n  Department of Defense space f l i g h t  missions 

a t  powers of 3 w a t t s  and 25 w a t t s .  One of t h e  t h r e e  w a t t  u n i t s  i s  

s t i l l  opera t ing  i n  space a f te r  almost f i v e  yea r s .  The AEC i s  a l s o  

developing such rad io iso tope  power systems f o r  t h e  NASA Nimbus 

weather s a t e l l i t e  and f o r  t h e  Apollo experiments that  w i l l  be placed 

on t h e  moon by our a s t r o n a u t s .  I n  add i t ion ,  the AEC i s  i n i t i a t i n g  

the  development of a 400 w a t t  i so tope  power supply based on i n t e r e s t  

expressed by the  DOD which may be of value i n  a wide v a r i e t y  of 

f u t u r e  space missions.  

An important po in t  i n  t h i s  connection i s  that the development 

of a p a r t i c u l a r  system f o r  a p a r t i c u l a r  mission leads i n e v i t a b l y  

t o  the use of that system i n  o t h e r  missions.  This i s  one of t h e  

major j u s t i f i c a t i o n s  f o r  i n i t i a t i n g  advanced developments that  can 
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then  be a v a i l a b l e  f o r  a p p l i c a t i o n  i n  a wide  v a r i e t y  of f l i g h t s .  

For example, the  25 w a t t  SNAP-19 rad io iso tope  powered system i s  

being developed by the AEC a t  the reques t  of NASA f o r  t h e  Nimbus 

program which i s  scheduled t o  be launched i n  l a t e  1967. 

t h e  course of t h i s  development, the AEC received an urgent  reques t  

f o r  a power supply requi red  i n  a mat te r  of months f o r  another  

a p p l i c a t i o n .  With minor modif icat ions,  the  SNAP-19 system was 

made a v a i l a b l e  t o  meet t h i s  h igh  p r i o r i t y  program need. I n  

add i t ion ,  d i scuss ions  a r e  now be ing  he ld  w i t h  DOD agencies  that  

have expressed t h e i r  i n t e r e s t  i n  t h e  SNAP-19 genera tors  f o r  the 

DODGE-M s a t e l l i t e .  T h i s  i s  a multi-purpose experimental  s a t e l l i t e  

During 

Another important element of th i s  t o t a l  p l ane ta ry  explora t ion  

program p lan  i s  t h e  requirement t o  conduct enough research  i n  

Earth o r b i t  t o  a s su re  t h a t  men and equipment can opera te  i n  space 

f o r  per iods  of s e v e r a l  hundred days which a r e  t h e  normal t r i p  

t imes f o r  a round t r i p  v i s i t  t o  Mars. 

systems a r e  a s t e p  i n  t h i s  d i r e c t i o n .  

MOL and Apollo w i l l  provide much of the opera t ing  experience that 

w i l l  guide t h e  l a r g e  o r b i t a l  l abo ra to ry  design and that w i l l  

determine t h e  means t o  be  used i n  t h e  l a r g e r  l a b o r a t o r i e s  t o  conduct 

u s e f u l  experiments i n  space t h a t  could be done more e f f e c t i v e l y  

t h e r e  than  i n  l a r g e ,  complex, and c o s t l y  l a b o r a t o r i e s  on t h e  ground. 

These l a r g e r  e a r t h  o r b i t a l  l a b o r a t o r i e s  w i l l  be  requi red  t o  provide 

the long per iods  i n  o r b i t  - up t o  a t  l e a s t  a year  - needed t o  

s imulate  a manned p l a n e t a r y  mission.  

o r b i t a l  assembly and checkout s t a t i o n s  f o r  t h e  l a r g e  i n t e r p l a n e t a r y  

The Gemini, MOL, and Apollo 

Gemini i s  providing and 

They w i l l  a l s o  be needed as 
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veh ic l e s  and as space sc ience  i n s t a l l a t i o n s .  These l a r g e r  o r b i t a l  

l a b o r a t o r i e s  would be manned by a crew of at  l e a s t  6 t o  1 2 .  

Such l a b o r a t o r i e s  could even tua l ly  a l s o  be s o  arranged 

t h a t  they could a l s o  c o n s t i t u t e  an o r b i t a l  t e s t  bed. I n  t h i s  

way, advanced space systems could be brought t o  the  labora tory ,  

s e t  up i n  t he  t e s t  bed, and development tes ts  could be  run under 

c a r e f u l  c o n t r o l  without l o s i n g  the oppor tuni ty  f o r  d e t a i l e d  i n -  

t e s t  and p o s t - t e s t  d i agnos t i c s .  It i s  conceivable t h a t  e n t i r e l y  

new systems t h a t  could n o t  be developed by normal ground t e s t  

methods and tha t  could n o t  be r e a l i s t i c a l l y  conducted i n  unmanned 

f l i g h t  tes ts  could be developed i n  such space t e s t  beds. Such 

systems have been proposed a t  var ious  t imes but  t hey  have been 

ru l ed  out  because of the d i f f i c u l t y  of a s su r ing  the i r  develop- 

a b i l i t y  and r e l i a b i l i t y  i n  space.  

One such system i s  a nuc lea r  r e a c t o r  e l e c t r i c  power supply 

t h a t  depends on b o i l i n g  a metal  working f l u i d  i n  the  r e a c t o r  and 

then sepa ra t ing  t h e  vapor from t h e  l i q u i d  - a l l  i n  zero g r a v i t y  - 
before  us ing  t h e  vapor t o  d r i v e  a t u r b o a l t e r n a t o r  t ha t  would 

genera te  l a r g e  amounts of e l e c t r i c  power. O r b i t a l  l abo ra to ry  t e s t  

beds would make t h e  development of such systems p o s s i b l e  and could 

open t h e  way t o  advances i n  space technology no t  now considered 

feasible .  

I n  add i t ion ,  i t  i s  conceivable t h a t  follow-on extensions 

of such l a b o r a t o r i e s  might permit  product ion and f a b r i c a t i o n  i n  the  

space environment of supe r io r  products .  For example, r e f r a c t o r y  

metals  must be f a b r i c a t e d  (welded) i n  i n e r t  gas  o r  p r e f e r a b l y  

a vacuum atmosphere. The n a t u r a l  environment of space may provide 

an opportuni ty  f o r  l a r g e  s c a l e ,  high q u a l i t y  f a b r i c a t i o n ,  of 

advanced materials. 
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An o r b i t a l  l abo ra to ry  opera t ion  of t h e  growth magnitude 

I have descr ibed would be economically a more a t t r a c t i v e  system 

if a recoverable  l o g i s t i c s  veh ic l e  or  a cheap Ear th- to-orb i t  

launch veh ic l e  were a v a i l a b l e  t o  t r a n s p o r t  supp l i e s ,  experiments, 

p a r t s ,  e t c .  between the  e a r t h  and o r b i t .  Such an o r b i t a l  labora-  

t o r y  opera t ion  would a l s o  r e q u i r e  the a v a i l a b i l i t y  of l a r g e  

amounts of e l e c t r i c  power that  could be provided most s a t i s f a c t o r i l y  

by nuc lear  energy systems t h a t  a r e  under i n v e s t i g a t i o n .  The e a r l y  

vers ions  of these l a b o r a t o r i e s  might need 10 k i lowa t t s  of e l e c t r i c  

power f o r  which rad io iso topes  would s t i l l  l o g i c a l l y  provide the 

hea t  energy required;  however, i n s t e a d  of using d i r e c t  conversion 

thermoelec t r ic  elements which have e f f i c i e n c y  of only about 5 p e r  

cen t ,  Brayton cyc le  gas  t u r b i n e - a l t e r n a t o r  systems having e f f i c i e n c y  

of as high as 25 p e r  cen t  a r e  being developed and would be used. 

Strong i n t e r e s t  has been expressed i n  these  systems by var ious  DOD 

agencies  as we l l  as by NASA. The AEC i s  now developing the tech- 

nology of the i so tope  hea t  source and the  s p e c i a l  f u e l  a;?d con- 

tainment m a t e r i a l s  needed f o r  such systems. NASA i s  developing 

the technology of the conversion equipment. 

The l a t e r  vers ions  o f  these o r b i t a l  l a b o r a t o r i e s  w i l l  un- 

doubtedly grow i n  power requirements t o  a t  l e a s t  the 30 k i l o w a t t s  

that  i s  t h e  i n i t i a l  development t a r g e t  of t h e  SNAP-8 nuc lea r  

reac tor-mercury Rankine t u r b o a l t e r n a t o r  system. With continued 

support  and w i t h  t echn ica l  success  i n  the  program, t h i s  e l e c t r i c  

power system should be a v a i l a b l e  i n  time f o r  such a l a r g e  l a b o r a t o r y  

opera t ion .  However, i t s  growth vers ion  w i l l  a l s o  be needed i f  

s i g n i f i c a n t  o r b i t a l  t e s t ,  research,  and f a b r i c a t i o n  opera t ions  
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that  a r e  being used now. However, i f  nuc lea r  propuls ion i s  

t o  be used, then t h i s  weight could be reduced by a t  l e a s t  40 

p e r  cent  and, if a high enough rocket  s p e c i f i c  impulse i s  

achieved, perhaps i n  h a l f  t o  about 5OO,OOO pounds. Two, o r  

a t  most t h r e e ,  Saturn V launches w i t h  assembly i n  o r b i t  would 

be requi red  t o  perform such a nuc lea r  propel led  f lyby;  i f  the 

Sa'turn V were upra ted  t o  a payload i n  e a r t h  o r b i t  of half  a 

m i l l i o n  pounds by s t r app ing  s o l i d  rocke ts  t o  the b a s i c  vehic le ,  

then it may be p o s s i b l e  t o  do t h e  mission w i t h  a s i n g l e  Sa,turn 

V launch. 

The  use of nuc lea r  rocket  propuls ion f o r  such a mission 

The success  that  we have had p r e s e n t s  no t e c h n i c a l  problems. 

i n  the j o i n t  AEC-NASA program t o  develop nuc lea r  rocke ts  over 

the p a s t  two yea r s  demonstrates the high performance that can 

be achieved w i t h  t h e s e  systems, t h e i r  high r e l i a b i l i t y ,  the 

h igh  degree of understanding we have about them, and, i n  genera l ,  

the high l e v e l  of confidence w i t h  which mission commitments can 

now be  made t o  t h e i r  use i n  t h e  space program. I b e l i e v e  that 

commitments can and should now be made t o  use  nuc lear  rocke ts  

wherever payload weights g r e a t e r  than  those  of t h e  bas i c  Saturn 

V veh ic l e  w i l l  be requi red  beyond e a r t h  o r b i t a l  missions.  

would inc lude  d i r e c t  f l i g h t  l u n a r  landing missions,  p l a n e t a r y  

f lyby  missions,  and the  p l a n e t a r y  landing  missions.  It c e r t a i n l y  

appears a much wise r  long term investment t o  apply t h i s  advanced 

system as e a r l y  as p o s s i b l e  t o  de r ive  the  b e n e f i t s  of t h i s  new 

technology than  t o  make new investments t o  s t r e t c h  t h e  o lde r  

technology. 

These 
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Since May of 1964, our nuc lea r  rocke t  program has 

success fu l ly  t e s t e d  s i x  nuc lea r  rocket  r e a c t o r s  and one t o t a l  

breadboard engine.  The maximum opera t ing  t ime a't f u l l  power 

on a s i n g l e  r e a c t o r  w a s  achieved i n  t h e  breadboard engine 

when that system w a s  run f o r  almost 30 minutes a t  f u l l  power 

wi th  an a l t i t ' u d e  equiva len t  s p e c i f i c  impulse of over 750 

seconds compared t o  t h e  425 t o  440 seconds which i s  t h e  maximum 

achieved on chemical rocke t  systems. The t o t a l  i n t e g r a t e d  

opera t ing  time on a l l  of these  reactor-engine systems has been 

4+ hours.  

i t s  t e s t  o b j e c t i v e s .  T h i s  t e s t  record l eads  us  t o  t h e  obvious 

conclusion tha t  nuc lear  rocke ts  o f f e r  h igh  r e l i a b i l i t y  i n  

Every s i n g l e  t e s t  w a s  success fu l  and met o r  exceeded 

a d d i t i o n  t o  extremely high performance w i t h  l o g i c a l  and we l l  

understood development program requirements.  No o the r  advanced 

propuls ion  system i s  as w e l l  proven out i n  development a t  th i s  

time; it i s  h igh ly  improbable t h a t  any o t h e r  one can be a v a i l a b l e  

1 

i n  t h e  time per iod  when manned opera t ions  i n  space may r equ i r e  

them. Nuclear rocke ts  provide a major advance i n  t h i s  coun t ry ' s  

c a p a b i l i t i e s  t o  explore  space and t o  be a l eade r  i n  space 

technology and " i n  t h e  a p p l i c a t i o n  thereof  t o  t h e  corduct  of 

peacefu l  a c t i v i t i e s . .  . . 11 

Beyond t h e  f l y b y  or  e c c e n t r i c  o r b i t  missions,  would come 

t h e  manned p lane ta ry  landing missions.  

extremely l a r g e  and heavy spacec ra f t  systems w i t h  l a r g e  space 

These would r equ i r e  

propuls ion energy requirements.  It i s  important t o  recognize 

that  manned p l a n e t a r y  mission planning involves  understanding 

t h e  atmospheric condi t ions  amd su r face  condi t ions  of t h e  p l ane t s ;  
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it  g e t s  involved w i t h  i n t e r e s t i n g  p o s s i b i l i t i e s  of p lay ing  

what I might c a l l  "space b i l l i a r d s "  t o  make t h e  missions e a s i e r  

(lower energy requirements)  and perhaps t o  make such missions 

more va luable .  Because the e a r t h  and the o the r  p l a n e t s  - f o r  

example Mars - do n o t  move i n  c i r c u l a r  o r b i t s  around t h e  Sun, 

d i f f e r e n t  amounts of energy a r e  requi red  t o  do a Mars mission 

a t  d i f f e r e n t  oppor tun i t i e s .  A s  a r e s u l t ,  t h e  weight of the 

t o t a l  i n t e r p l a n e t a r y  nuc lea r  rocke t  propel led  spacec ra f t  system 

tha t  would have t o  be assembled i n  e a r t h  o r b i t  f o r  a Mars 

mission could vary  from 1.5 m i l l i o n  t o  almost 5 m i l l i o n  pounds. 

T h i s  v a r i a t i o n  could be reduced t o  1 .5  t o  2.5 m i l l i o n  pounds 

if t h e  route  t o  Mars, o r  r e tu rn ing  from Mars, were designed t o  

pass  c l o s e  t o  Venus. T h i s  space b i l l i a r d  shot  would t ake  

advantage of t h e  f a c t  that t h e  mass of Venus e x e r t s  a grav i -  

t a t i o n  a t t r a c t i o n  on t h e  spacec ra f t  system tha t  adds o r  

s u b t r a c t s  v e l o c i t y  and can change t h e  d i r e c t i o n  of f l i g h t .  

It  i s  i n t e r e s t i n g  t o  p o i n t  ou t  that f o r  o t h e r  missions,  

the  l a r g e  mass of the p l a n e t  J u p i t e r  can t u r n  spacec ra f t  almost 

anywhere i n  the  s o l a r  system. 

can be accomplished by launching outward t o  J u p i t e r  and us ing  

that  p l a n e t  t o  pu t  enough "English" on the shot  t o  turn t h e  

spacec ra f t  around and have i t  h i t  t h e  Sun. 

For example, a probe at  the Sun 

It may be h e l p f u l  if I descr ibed the conduct of a manned 

Such a t iming Mars mission s t a r t i n g  from E a r t h  o r b i t  i n  1982. 

should be t echno log ica l ly  p o s s i b l e  i f  dec is ions  were made t o  

proceed towards such a goa l .  The t o t a l  spacec ra f t  made up of 
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t he  Mars Mission Module, t he  Mars Excursion Module, and t h e  

Earth Return Module and t h e  necessary midcourse and o r b i t a l  

maneuvering propuls ion might weigh 3OO,OOO t o  350,000 pounds. 

The t h r e e  s tages  of nuc lear  rocke ts  required t o  propel  t h e  

spacecraf t  out  of Earth o r b i t ,  decelerate it i n t o  t h e  Mars 

o r b i t ,  and depart  from the  Mars o r b i t  would weigh almost 

another  2 mi l l i on  pounds i f  space b i l l i a r d s  o r  p lane tary  English 

i s  no t  r e l i e d  upon. I f  Venus swingby i s  used, then t h e  t o t a l  

i n i t i a l  system weight i n  Earth o r b i t  would be almost 1.8 mi l l i on  

pounds in s t ead  of 2.3 m i l l i o n  pounds. I f  t h e  o r b i t a l  payload 

c a p a b i l i t y  of Saturn V were increased t o  about 5OO,OOO pounds 

( i t s  present  designed c a p a b i l i t y  i s  2 5 O , O O O  pounds), then t h i s  

e n t i r e  system could be placed i n  o r b i t  using 6 upra ted  Saturn V 

launches and could be assembled i n  t h e  o r b i t a l  l abora tory  

assembly s t a t i o n .  

t h e  development of a post-Saturn launch vehic le  having an o r b i t a l  

payload of a t  l e a s t  a mi l l i on  pounds t o  reduce o r b i t a l  assembly 

opera t ions .  

A p re fe rab le  approach Would probably requi re  

I n  any case,  t he  t h r e e  s tages  of t he  space vehic le  assembled 

i n  Earth o r b i t  would use t h e  same nuclear  rocket  engine having 

a t h r u s t  of 200,000 t o  2 5 O , O O O  pounds and a s p e c i f i c  impulse 

of about 800 t o  850 seconds. The o r b i t a l  departure  s tage  would 

use a c l u s t e r  of two o r  t h r e e  nuc lear  propuls ion modules while  

t he  o the r  two s t ages  would each use  a s i n g l e  propuls ion module. 
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The f i r s t  s t age  would f i r e  f o r  about 30 minutes (as I 

poin ted  out  e a r l i e r  such opera t ing  t imes have a l r eady  been 

achieved i n  ground t e s t s )  and would a c c e l e r a t e  t h e  spacec ra f t  

t o  a v e l o c i t y  of approximately 40,000 f e e t  p e r  second r e l a t i v e  

t o  Ear th .  A s  it escapes the Earth 's  g r a v i t a t i o n a l  f i e l d ,  t h e  

spacec ra f t  slows somewhat and j o i n s  the  family of p l a n e t s  i n  

our s o l a r  system rac ing  around t h e  sun. With i t s  c a r e f u l l y  

planned t r a j e c t o r y ,  the spacec ra f t  w i l l  catch-up" t o  Mars 

and be "caught-up" by the Martian g r a v i t a t i o n a l  f i e l d .  A s  

Mars i s  approached, a gradual  i nc rease  i n  v e l o c i t y  r e l a t i v e  t o  

Mars w i l l  occur u n t i l  a va lue  over 20,000 f e e t  pe r  second i s  

reached when the  spacec ra f t  comes t o  i t s  c l o s e s t  approach t o  

t h e  su r face  of Mars. Then, the  second nuc lea r  rocket  s t a g e  

would slow down t h e  spacec ra f t  u n t i l  it achieves Mars o r b i t a l  

v e l o c i t y  of about 10,000 f e e t  per  second. T h i s  p a r t  of t h e  

t r i p  t o  Mars would t ake  about 220 days.  

of a t e n  man crew would be landed on the  su r face  of Mars i n  

the c h e a i c a l l y  propel led  Mars Excursion Module (MEM) . After  

about 30 o r  40 days of explora t ion ,  they would r e t u r n  t o  t h e  

o r b i t i n g  s p a c e c r a f t  f o r  t h e  200 day t r i p  back t o  Earth. 

11 

S i x  o r  perhaps seven 

This kind of a mission c e r t a i n l y  sounds d i f f i c u l t ,  and 

i t  i s .  However, w i t h  a p rope r ly  planned t o t a l  program, 

inc luding  t h e  necessary a t t e n t i o n  t o  the  development of the  

requi red  technology i n  a d d i t i o n  t o  ca r ry ing  out t h e  necessary 

precursor  missions,  some of which I have b r i e f l y  discussed,  

t h i s  mission should be no harder  t o  dos t in  t h e  e a r l y  p a r t  of 

the decade of the 801s than i s  the luna r  landing mission i n  
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t h i s  decade. This i s  t h e  broad o u t l i n e  

p l an  t h a t  I b e l i e v e  can be e s t a b l i s h e d .  

an approved space program p lan .  

of one t o t a l  program 

It i s  no t ,  however, 

Before c los ing ,  I would l i k e  t o  emphasize t ha t  t h e  

n a t i o n a l  c h a r a c t e r  of t h e  space program demands i t s  continued 

emphasis. It i s  p lay ing  an important r o l e  i n  t h e  DOD through 

unmanned s a t e l l i t e  a p p l i c a t i o n s .  Of f i ce r s  of t h e  A i r  Force, 

t h e  Navy, and t h e  Army a r e  d i r e c t l y  involved i n  NASA's program. 

I n  t h e  AEC, m i l i t a r y  o f f i c e r s  are a l s o  d i r e c t l y  assigned t o  

development p r o j e c t s  app l i cab le  t o  NASA and DOD missions.  

About 140 u n i v e r s i t i e s  are involved i n  the NASA Univers i ty  

program. 

out  t h e  country a r e  working i n  t h e  program. The program has 

an i n t e r n a t i o n a l  c h a r a c t e r  t oo  as r e f l e c t e d  by t h e  64 coun t r i e s  

participati2ng i n  var ious  ways i n  i t .  The e f f e c t s  of space 

exp lo ra t ion  are f e l t  everywhere. Though I d o n ' t  know t h e  

s p e c i f i c  a r e a s  w i t h  which you a r e  involved, I f e e l  sure  your 

work has been o r  w i l l  be a f f e c t e d  by space opera t ions  and space 

technology. 

Over 400,000 people and over 20,000 companies through- 

Obviously, a s t rong  space c a p a b i l i t y  i s  n o t  enough f o r  

t h i s  country i f  i t  i s  t o  e f f e c t i v e l y  c a r r y  out  i t s  r e s p o n s i b i l i t i e s  

a t  home and throughout t h e  world. It must be s t rong  and advanced 

i n  a l l  f i e l d s .  It must be m i l i t a r i l y  s t rong ,  it must be s c i -  

e n t i f i c a l l y  advanced and searching;  it must be economically sound. 

None of our people must be deprived of the e s s e n t i a l s  of good 

l i v i n g  and oppor tuni ty  - the  oppor tuni ty  f o r  education, equal  
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opportuni ty  f o r  product ive and cha l lenging  work, f o r  good 

homes, f o r  p l easan t  surroundings.  T h i s  kind of a t o t a l  image 

i s  n o t  easy t o  es tabl ish.  All of these  n a t i o n a l  requirements 

add up t o  heavy demands on our resources  that must be proper ly  

balanced. 

I n  t h i s  balance,  we would c e r t a i n l y  a n t i c i p a t e  tha t  the 

c a p a b i l i t y  t h a t  has been e s t a b l i s h e d  f o r  space explora t ion  

w i l l  be e f f e c t i v e l y  u t i l i z e d  and expanded t o  a s su re  our s t rong  

p o s i t i o n .  I n  rece iv ing  the Robert H.  Goddard Trophy e a r l i e r  

t h i s  year ,  Pres ident  Johnson said, ' I . .  .so long as I a m  i n  

pub l i c  o f f i c e ,  I am going t o  do everything wi th in  my power 

and my c a p a b i l i t y  t o  prevent  u s  from f a l l i n g  behind...The 

whole Nation now understands the t r u e  s ign i f i cance  of America's 

space e f f o r t s .  The s t o r y  of m a n ' s  advancement down through 

t h e  ages i s ,  of course,  t h e  s t o r y  of h i s  v i c t o r i e s  over t h e  

f o r c e s  of na tu re .  The h e a l t h  and comfort he enjoys,  t h e  

l e i s u r e  he possesses ,  t h e  abundance of food he e a t s ,  a l l  of 

t hese  are t h e  r e s u l t  of h i s  unending determinat ion t o  probe 

t h e  s e c r e t s  of t h e  world around h i m .  

" In  1958 when we introduced t h e  l e g i s l a t i o n  t o  c r e a t e  

the Nat ional  Aeronautics and Space Administration, I said i n  

the Senate a t  tha t  time, '1 b e l i e v e  tha t  the development of t h e  

space age w i l l  b r ing  t h e  beginning of t h e  longes t  and g r e a t e s t  

boom of abundance and p r o s p e r i t y  i n  t h e  h i s t o r y  of man. 

Time i s  b r ing ing  out  that b e l i e f .  The f u t u r e  belongs 1 1  

11  t o  those of f a i t h ,  dar ing ,  and v i s i o n . . .  . 


