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INTERACTION BETWEEN SPACE EXPLORATION , SCIENCE, AND TECHNOLOGY 
t -  

(Address before  t h e  Twin C i t i e s  Sec t ion  of the 

Radisson Hotel ,  Minneapolis , M i n n e s o t a 9  March 11, 1965) 
American I n s t i t u t e  of  Aeronautics and As t ronau t i c s  , 

by 
\. Hugh L.  Dryden 

Deputy Administrato r 
National Aeronautics and Space A d m i p i s t r a t i o n  / - .- 
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FJ In t roduct ion  \ *  

It ivs a g rea t  p r iv i l ege  t o  have t h e  oppor tuna ty  of spending a day 

I i n  t h e  Twin C i t i e s  where one may sense a keen awareness  of t h e  v i t a l  

r o l e  of sc ience  and technology i n  our modern wor ld .  This  community i s  

widely recognized as one of t h e  most rapidly growing reg ions  i n  combining 

t h e  resources  of t h e  Universi ty ,  indus t ry ,  and t h e  l o c a l  and S t a t e  

governments t o  accomplish economic growth. 

/ 

In  view of t h e  circumstance which t r igge red  t h i s  banquet, I wish 

f i rs t  t o  pay t r i b u t e  t o  the  d i r e c t o r s  of t h e  H i l l  Family Foundation, 
~ 

‘ 2  . 
founders of t h e  Louis W. H i l l  Space Transpwta t ioh  Award, who i n  1958 

could see i n  t h e  f i r s t  a r t i f i c i a l  s a t e l l i t e  @ the e a r t h  t h e  forerunner  t r  F I ; 

b ; i 
of a space t r anspor t a t ion  system. h e x t  I would l i k e  t o  thank t h e  of 

and members of t h e  Twin Cities Section of t he  American I n s t i t u t e  of 

Aeronautics and Astronaut ics  f o r  n&fIg arrangements for t h i s  mesting 

and f o r  the act ivi t ies  of t h  

from t h e  desk i n  Washingcon. 

i l ~  / 

bay,$which +#; have provided a welcome d ive r s ion  
I @i 

t 
Aeronautics and Astronaut ics  f o r  q v g  arrangements for t h i s  mesting 

and f o r  the I act ivi t ies  of t h  bay,$which +#; 
i l ~  / 

heve provided a welcome d ive r s ion  
ip 

t 
-, 

. from t h e  desk i n  Washingcon. 

m e n  I would l i k e  t o  recognize t h e  Universi ty  of Minnesota as an 

a c t i v e  and va luab le  a l l y  of t h e  National Aeronautics and Space Adminis- 

t r a t i o n  i n  t h e  s c i e n t i f i c  explora t ion  of space. I am Sure tha t  you a r e  
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as f ami l i a r  a s  I am with the  g rea t  cont r ibu t ions  of Professor A .  0. Nier 

and h i s  a s soc ia t e s  i n  t h e  app l i ca t ion  of the  mass spectrometer t o  t h e  

study of t he  composition of planetary atmospheres; with D r .  E .  P .  Mey's 

pioneering inves t iga t ions  of a i r  glow and the  zodiacal  l i g h t ;  with 

Professor  J. R.  Winkler's massive cont r ibu t ions  t o  the  study of cosmic 

rays and of r a d i a t i o n  trapped i n  t h e  e a r t h ' s  magnetic f i e l d ;  with 

D r .  W .  R .  Webber's measurements of t h e  f luxes  and energy spec t r a  of 

s o l a r  protons;  and with D r .  P .  J .  K e l h g g ' s  t h e o r e t i c a l  s t u d i e s  of t he  

i n t e r a c t i o n  of s o l a r  p a r t i c l e s  and the  e a r t h ' s  magnetic f i e l d ,  leading 

.a 

t o  a b e t t e r  understanding of t h e  r e l a t ionsh ip  of the  sun t o  the  e a r t h  

and of physical  phenomena i n  ionized gases .  

been d iscuss ing  with D r .  William G. Shepherd, Vice Pres ident  f o r  Academic 

I n  m c e n t  weeks w e  have 

Administration, s eve ra l  o ther  a reas  i n  which t h e  Universi ty  may be of 

a s s i s t a n c e ,  and i n  f a c t  t h e r e  was an announcement of one such add i t iona l  

area l a s t  week. 

I would a l s o  l i k e  t o  t ake  t h i s  occasion t o  express apprec ia t ion  t o  

our  i n d u s t r i a l  pa r tne r s ,  including the  cont r ibu t ions  of Minneapolis- 

Honeywe:? ir? t h e  a reas  of guidance and c o n t r o l ;  t he  Schje ldahl  Company, 

which f ab r i ca t ed  t h e  Echo spacecraf t ,  i a rgea t  spacecraf t  ever  launched 

i n t o  space and perhaps seen by more people i n  t h e  world than any o the r  

s a t e l l i t e ;  and Control Data Corporation, supplying equipment and se rv ices  

f o r  computation and da ta  processing, and ranking twenty-fourth among 

NASA con t rac to r s  l i s t e d  according t o  n e t  value of d i r e c t  awards. I n  

a d d i t i o n  t o  those  mentioned, there  are numerous o the r  i n d u s t r i a l  

companies i n  t h i s  region p a r t i c i p a t i n g  i n  the  space program i n  smaller  

c o n t r a c t s  and i n  f i r s t -  and second-t ier  subcont rac ts .  
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The Changing Technological Scene 

Last year  I had t h e  p leasure  of p a r t i c i p a t i n g  i n  the  s e l e c t i o n  of 

t h e  conten ts  of a time capsule  which was buried a t  t h e  World's F a i r  and 

intended t o  be opened i n  t h e  sevent ie th  century.  It contained many 

items eo i l l u s t r a t e  our modern technology, many being a r t i c l e s  i n  common 

use  and o thers  being products r e l a t e d  t o  t r anspor t a t ion ,  atomic energy, 

and o ther  a reas  of sc ience  and technology. 

were an e l ec t ron ic  watch, a Polaroid camera, a n t i b i o t i c s ,  computer memory 

u n i t s ,  a p l a s t i c  h e a r t  valve,  samples of superconducting wire, a ruby 

l a s e r  rod, normal and i r r a d i a t e d  seeds,  desa l t ed  sea  water,  a permanent 

magnet, b i r t h  c o n t r o l  p i l l s ,  t r a n s i s t o r  r ad ios ,  f reeze-dr ied  foods,  an 

e l e c t r i c  toothbrush, and t r anqu i l i ze r s .  The f i e l d  of space explora t ion  

was represented by such items a s  so l a r  c e l l s ,  miniatur ized e l e c t r o n i c  

c i r c u i t r y  from t h e  Vanguard s a t e l l i t e ,  samples of t he  aluminized mylar 

ma te r i a l  from which the  Echo balloons were f ab r i ca t ed ,  and the  f i r s t  

photographs of t h e  moon taken by Ranger V U .  

ob jec t s  i n  t h i s  l i s t  a r e  dramatic evidence of t he  rap id  pace of change 

i n  t h e  technological  scene. 

Among t h e  items se l ec t ed  

The many r ecen t ly  developed 

Let us consider  the  development of technology i n  a few areas during 

t h e  pas t  century.  A s  a f i r s t  example, consider  power, In  t h e  e a r l i e s t  

days of our republ ic ,  human labor furnished a q u a r t e r ,  and labor  of 

animals h a l f ,  of t he  energy required f o r  l i f e .  

and c h i l d  i n  t h e  United S t a t e s  had two horsepower working f o r  him day 

and n i g h t .  

In  1900 each man, woman, 

A t  t he  present  time the  f i g u r e  s tands a t  t e n  horsepower. 



-4-  

With less than t e n  percent of t h e  world's  population, we i n  t h e  United 

S t a t e s  con t ro l  almost ha l f  i t s  supply of power, and as a r e s u l t  our 

standard of l i v i n g  i s  seven t i m e s  t h e  average of t h e  rest  of t h e  world. 

Had w e  l i ved  l i k e  t h i s  i n  t h e  Periclean age of Ancient Greece, w e  should 

need t h e  exhausting labor of t e n  b i l l i o n  slaves t o  provide the  b e n e f i t s .  

It has been only twenty-two years s ince  Fermi and h i s  group of 

s c i e n t i s t s  and engineers produced t h e  f i r s t  s e l f - sus t a ined  chain r eac t ion  

i n  a nuclear  r eac to r .  Today we see t h e  b e n e f i c i a l  e f f e c t s  of t h i s  energy 

source i n  t h e  f i e l d s  of medicine, ag r i cu l tu re ,  i n d u s t r i a l  processes,  

e l e c t r i c  power generation, and propulsion. 

Next let  us  look a t  communication. Fundamental t o  a l l  of man's 

ac t iv i t i e s  is  h i s  a b i l i t y  t o  communicate r ap id ly  with precis ion.  One 

measure of our a b i l i t y  t o  communicate used by t h e  communications engineer 

i s  t h e  numberof b i t s  of information tha t  can be t ransmit ted pe r  u n i t  t i m e .  

U n t i l  t h e  nineteenth century,  communication was by s i g n a l  f i r e s ,  mi r ro r s ,  

drums, runners,  pigeons, wind-driven sh ips ,  post  r i d e r s ,  and s e n t i n e l s  

who relayed shouted messages. By the  l a t t e r  h a l f  of t he  century man had 

achieved the  a b i l i t y  t o  t ransmit  a few b i t s  of information per minute 

from coas t  t o  coas t  and across  the  sea. There were about a m i l l i o n  

telephones i n  1900. Today i n  Washington, D.C.,  alone t h e r e  are almost 

that  many telephones,  and you can rent over f i f t y  m i l l i o n  d o l l a r s  worth 

of telephone equipment f o r  a dime. Many of us did not go t o  moving 

p i c t u r e s  as ch i ld ren  f o r  t h e r e  were none. Today r a d i o  and t e l e v i s i o n  

reach i n t o  every corner of t h e  land. Ahout f i v e  thousand b i t s  of i n fo r -  

mation per second must be transmitted f o r  i n t e l l i g i b l e  voice 
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communication, and some t en  t o  one hundred m i l l i o n  b i t s  p e r  second f o r  

h igh-qual i ty  t e l ev i s ion .  

w e  w i l l  soon be  l inked more c lose ly  t o  other people of t h e  world. 

of us  have been t h r i l l e d  by t h e  high-qual i ty  vidicon p i c t u r e s  t ransmi t ted  

t o  us by Ranger a s  i t  plummeted t o  t h e  moon's sur face .  The Ranger photo- 

graphs have been se l ec t ed  by D r .  Watson Davis, d i r e c t o r  of Science 

Service,  a s  one of t he  t en  outstanding accomplishments of l a s t  year .  

Through s a t e l l i t e  technology developed by NASA, 

All 

As a f i n a l  example, consider  t h e  development of t r anspor t a t ion  

i n i t i a t e d  by the  a i rp l ane .  

s e r ious ly .  The noted s c i e n t i s t  Simon Newcomb wrote i n  1903: 

our mechanicians be u l t imate ly  forced t o  admit t h a t  a e r i a l  f l i g h t  i s  one 

of t h a t  g r e a t  c l a s s  of problems with which man can never hope t o  cope 

and g ive  up a l l  at tempts t o  grapple  with it?" 

t h e  Wright bro thers  were already a t  work on t h e  problem, and t h e  f i r s t  

powered f l i g h t  came t h e  same year .  As ch i ld ren  w e  saw man i n  h i s  f i r s t  

f l i g h t s ,  soar ing a few hundred f e e t  off  t h e  ground and a t  much l e s s  than 

one hundred m i l e s  an hour. Today we span our cont inent  i n  four  hours 

and c r o s s  oceans i n  je t  t r anspor t s  and are working ea rnes t ly  t o  provide 

a i r  t r a n s p o r t a t i o n  a t  supersonic speeds, 

In  1900 the  a i r p l a n e  concept was not  taken 

"May not 

But men l i k e  Langley and 

Four years  a f t e r  our f i r s t  s a t e l l i t e  launching w e  placed John Glenn 

i n  o r b i t ,  and wi th in  e igh t  years  from h i s  f l i g h t  w e  expect t o  place 

American explorers  on t h e  moon's sur face  and r e t u r n  them s a f e l y  t o  ea r th .  

Such has been t h e  remarkable progress of t h e  technology of t r anspor t a t ion  

i n  the  new oceans of a i r  and space a s  man escapes h i s  former confinement 

t o  t h e  su r face  of t h e  e a r t h .  
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S c i e n t i f i c  Rts'euech, t he  Cata lys t  of Change 

I n  man's ea r ly  h i s to ry  the re  was mostly technology and l i t t l e  sci- 

ence. The o r i g i n  of science can be t raced f a r  back i n  t h e  d i s t a n t  pas t .  

A r i s t o t l e  is quoted a s  saying tha: true sc ience  is t h e  search of na ture  

i n  t h e  s p i r i t  of t r u e  scientific c:.Birknsity. For hudrecls  of years  

what w e  now c a l l  experimental sc ie~ice ,  MucIi has treen wr i t t en  about those 
- 4  

objec t ives  of science which reLrt:e t o  gaining an understanding of the  

e n t i r e  universe  i n  which we l i v e ,  3f t h e  excitement of studying t h e  

unknown, and of t h e  cont r ibu t ion  of science t o  man's i n t e l l e c t u a l  and 

s p i r i t u a l  life. However, we a r e  here concerned more with t h e  i n t e r a c t i o n  

between sc ience  a n b - e h 0 . l u g ~ 7 . . _  

Technologyj Oxford University Presr, 1954, page 274): 

Charl.ar Singer wri t e s  (A History of 

"Xn our own t i m e  

technology has  become almost synonomous with the a p p l i c a t i s n  of scien- 

-'o '3s it seems t h a t  sc ience  is the  t i f i c  knowledge r t o  p r a c t i c a l  ends. 

source,  t h e  parent of technology. Up TO about 1500 and perhaps much 

l a t e r ,  it would be more accura te  to say t h a t  technology was the perent 

of science, but  from t h e  r a t h e r  indeterminate period usua l ly  c a l l e d  t h e  

Renai68ance, n a t u r a l  phenomena came to  be more and mote sys temat ica l ly  

cbsemeb . I t  

According t o  Walker (Modern Technology and C i v i l i z a t i o n ,  &Craw-Hill, 

1962, page 14): 

Important r e spec t s  t h e  r e l e i e n  [between science and ttchnology] is 

r ec ip roca l .  

"Most h i s t o r i a n s  a d  many s c i e n t i s t s  are agreed t h a t  in 

Advances in 'puta' wleaec are rap id ly  rafiected In new 

technological revolutionr. . . m c n t n t i a g  debt ~f seience t o  

y--- 

I .  
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technology is  not always a s  f u l l y  r ea l i zed .  Without t h e  te lescope ,  a 

technological  invent ion,  t h e  sc ience  of modern astronomy would have been 

impossible. Without t he  microscope the  modern sciences of zoology, 

biology and bac ter io logy  would not have developed. 

endless  and t o  be  found i n  near ly  every department of modern sc ience  and 

modern technology. One of the  l a t e s t  and most s t r i k i n g  debts  of sc ience  

t o  technology l ies  i n  t h e  f i e l d  of mathematics and physics ,  Progress i n  

both is  now dependent i n  pa r t  on t h e  high speed automatic computer. The 

computer i n  t u r n  owes i t s  development t o  information theory and t h e  

But t he  cases  a r e  

researches of t h e  mathematician. The systematic development of new 

t echn ica l  invent ions out of t h e  expanding s t o r e s  of s c i e n t i f i c  knowledge 

only became conspicuous i n  the  19th Century." 

We might add t o  Walker's l ist  t h e  f a c t  t h a t  without t he  rocket  we 

could not now be pursuing sc ience  by sending instruments and men i n t o  

t h e  space environment. 

It has long been r ea l i zed  t h a t  t he re  i s  a t i m e  lag between a 

discovery o r  new theory i n  sc ience  and i t s  app l i ca t ion ,  but this lag is  

growing s h o r t e r  and s h o r t e r .  

discovered by Apollonius of Pevga is t he  t h i r d  century B.C. ,  when they 

Conic sec t ions  are s a i d  t o  have bezn 

were of i n t e l l e c t u a l  i n t e r e s t  only.  They were appl ied t o  the problems 

of engineer ing i n  t h e  seventeenth century.  Paracelsus  discovered e t h e r  

and i t s  anaes the t i c  e f f e c t s  and Valerius Cordus gave t h e  formula f o r  i t s  

prepara t ion ,  y e t  i t  w a s  cen tu r i e s  l a t e r  before  it was used a s  an 

a n a e s t h e t i c .  

Non-Euclidean geometry, worked out  by Riemann a s  an essay i n  pure 
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mathematics i n  the  n ine teenth  century,  was used by Albert  E ins te in  i n  

the  twent ie th  century i n  h i s  theory of r e l a t i v i t y .  It was i n  Descartes '  

time t h a t  t h e  app l i ca t ion  of conic sec t ions  t o  t h e  o r b i t  of p lane ts  was 

f i r s t  not iced.  

t i l e s ,  i n  s ea rch l igh t  r e f l e c t o r s ,  and cables  of suspension br idges.  

Chlorinated diphenylethane was synthesized i n  1874, but  i t s  value a s  

t h e  i n s e c t i c i d e  DDT was not  recognized u n t i l  1939. The photoe lec t r ic  

c e l l  was used by Hale i n  pure science inves t iga t ions  i n  1894, and twenty- 

f i v e  years  l a t e r  i t  was used t o  make motion p i c tu re s .  There was a lag  

of f o r t y  years  from Maxwell's publ icat ion of t h e  laws of t h e  e l ec t ro -  

magnetic f i e l d  t o  the  f i r s t  r ad io  experiments of Marconi, t en  years  from 

the  discovery of t h e  neutron t o  the  f i r s t  nuclear  r eac t ion ,  and s i x  years  

from the  invention of t h e  t r a n s i s t o r  t o  t h e  f i r s t  t r a n s i s t o r i z e d  ampl i f ie r  

on t h e  market. Judging from t h i s  record,  some of t h e  d iscover ies  and 

advances of space sc ience  should feed back i n t o  our l i v e s  wi th in  a decade. 

Others may await  some other  c r i t i c a l  piece of information before  they 

f i t  i n t o  t h e  j igsaw of na ture .  Each p iece  of information serves  a s  a 

bu i ld ing  block f o r  s teady progress 

Later  these  curves were used t o  compute paths  of projec- 

It took a thousand years  t o  develop i n  empir ical  s tages  the guns 

t h a t  were used i n  World War 11. After t h a t ,  it was less than two decades 

u n t i l  w e  were a b l e  t o  f i r e  guns i n  the labora tory  t h a t  were t en  times 

f a s t e r .  This progress was made possible  because the  gas dynamic laws 

of expansion became b e t t e r  understood e spec ia l ly  due t o  the  advanced 

mathematical methods supported by highly developed experimental tech-  

niques.  This was achieved without having t h e  improvement of guns a s  

t h e  objec t ive .  
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In t e rac t ion  of Science,  Technology, and Soc ia l  Need 

There i s  a mistaken impression i n  some c i r c l e s  today t h a t  s c i e n t i f i c  

and technological  development always proceeds by an order ly  process i n  

which, f i r s t ,  t h e r e  i s  a bas i c  concept o r  theory,  followed by experi-  

mental v e r i f i c a t i o n ,  leading t o  fu r the r  t h e o r e t i c a l  and experimental 

inves t iga t ions  and appl ied research,  followed f i n a l l y  by app l i ca t ion  t o  

some s o c i a l  need. Actual ly ,  of course, t h e  s i t u a t i o n  is not  s o  simple; 

t h e  s i t u a t i o n  is  a dynamic one with cont inual  i n t e r a c t i o n s  between theory,  

experiment, app l i ca t ion ,  and s o c i a l  need. In  my reading of t h e  h i s t o r y  

of s c i e n t i f i c  development, I have been impressed time and t i m e  again by 

the  almost dominant r o l e  of t he  spec i f i c  s o c i a l  environment i n  which the  

s c i e n t i s t  and engineer work, which in  most ins tances  seems t o  be a pre-  

r e q u i s i t e  f o r  t h e  in t ens ive  development of t h e  s c i e n t i f i c  concept i t s e l f  

as w e l l  a s  t h e  ensuing technology. One o r  two examples w i l l  i l l u s t r a t e .  

Most of the work f o r  which Pasteur i s  famous o r ig ina t ed  i n  the  s o c i a l  

needs of t h e  community i n  which he worked. Beginning i n  1854 he addressed 

himself t o  t h e  reason f o r  unsa t i s fac tory  r e s u l t s  obtained i n  t h e  fermenta- 

tioil c;f beer; and i n  1857 showed tha t  t h e  t roubles  a rose  from small  

organisms which i n t e r f e r e d  with the  growth of yeas t  c e i i s  rcsponsible  f o r  

fermentat ion.  La ter  he turned h i s  a t t e n t i o n  t o  s i m i l a r  problems i n  the  

production of good wine. Later, under g r e a t  s o c i a l  p ressure ,  he  s tudied 

t h e  s m a l l  organisms respons ib le  for  c e r t a i n  d i seases  of t he  silkworm, of 

c a t t l e ,  of chickens,  and of dogs and man. Thus s o c i a l  needs provided t h e  

incen t ive  f o r  and t h e  support of Pas t eu r ' s  s c i e n t i f i c  work i n  solving t h e  

problems of t h e  i n f i n i t e l y  small ." 1' 
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Another c l a s s i c  s t o r y  begins with the work of James Maxwell s t a r t i n g  

about 1850 and already b r i e f l y  r e fe r r ed  t o .  In  1865 and 1873 he described 

the  propagation of electromagnetic wavesand suggested t h a t  l i g h t  was a 

phenomenon produced by t h e  t r a v e l  of electromagnetic waves i n  t h e  e the r .  

I be l i eve  t h e  f i r s t  experimental demonstration of e l e c t r i c  waves was by 

Hertz i n  1883, who invented an o s c i l l a t o r  t o  produce such waves. There 

was some l imi ted  f u r t h e r  t h e o r e t i c a l  and experimental development by 

s c i e n t i s t s  such a s  Lodge and Righi i n  the  l a s t  two decades of t h e  nine- 

teen th  century.  

waves t o  s igna l ing  i n  1895 and succeeded i n  sending s igna l s  across  t h e  

A t l a n t i c  i n  1901. I th ink  i t  i s  now obvious t o  everyone t h a t  t h i s  app l i -  

c a t i o n  by Marconi t o  a p r a c t i c a l  s o c i a l  need marked t h e  beginning of 

g r e a t l y  increased support f o r  t h e o r e t i c a l  and experimental research i n  

t h i s  f i e l d ,  t h a t  it marked t h e  foundation of very l a r g e  i n d u s t r i a l  

developments, and t h a t  t he re  has been a very g rea t  s o c i a l  impact. 

These cases  a r e  of course t h e  t r a d i t i o n a l  ones t h a t  everyone quotes.  

Marconi began a study of t h e  appl ica t ion  of e l e c t r i c  

There a r e  many o thers  such a s  t h e  development of p robab i l i t y  theory and 

modern s t a t i s t i c s  from t h e  " soc ia l  need" of t h e  members of high soc ie ty  

i n  France i n t e r e s t e d  i n  gambiing. 

We be l i eve  t h a t  a c t i v i t i e s  i n  the  explora t ion  of space,  a modern 

s o c i a l  need recognizable from t h e  passage of t h e  National Aeronautics 

and Space Act and t h e  appropriat ion of la rge  sums of money by the  

Congress, provide t h a t  e s s e n t i a l  environment t o  acce le ra t e  g r e a t l y  t h e  

growth of t h e o r e t i c a l  and experimental science i n  many areas .  It is  

t r u e  t h a t  t h i s  acce lera ted  growth i n  science and technology is  e s s e n t i a l  
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t o  t h e  on-going development of space capab i l i t y ,  but  of deeper s i g n i f i -  

cance is the  complex dynamic i n t e r a c t i o n  between science,  technology, 

and space explorat ion,  which is e s s e n t i a l  t o  t h e  growth of science,  

technology, and space explorat ion.  I n  t h i s  case ,  as  i n  t h e  cases  

previously c i t e d ,  t o  u s e  an analogy from bacter iology,  t h e r e  has t o  be 

a n u t r i e n t  so lu t ion  (money and employment oppor tuni t ies )  t o  feed t h e  

s c i e n t i f i c  and technological  e f f o r t ,  and a s  soon as  t h i s  environment i s  

provided, many l a t e n t  e f f o r t s  i n  science and technology begin t o  a s s e r t  

themselves and move forward. 

I be l i eve  t h a t  t h i s  i n t e r p r e t a t i o n  of c e r t a i n  Eispects of t h e  space 

program i s  more s i g n i f i c a n t  and meaningful than the  cur ren t  concepts of 

technology u t i l i z a t i o n  and technological  sp inof f  a s  i nc iden ta l  o r  

se rendip i tous  b e n e f i t s  of space explorat ion.  

Some Aspects of Current Space A c t i v i t i e s  

Current space a c t i v i t i e s  no t  only represent  appl ica t ions  of sc ien-  

t i f i c  r e s u l t s  a l ready ava i l ab le  and s t imula te  the  advance of almost a l l  

f i e l d s  of sc ience  c a r r i e d  out i n  labora tor ies  on the  ground, but  open up 

completeiy I i e s  breathtaking v i s t a s  through the  new oppor tuni t ies  f o r  

making s c i e n t i f i c  measurements i n  the high atmosphere and outer  space. 

One of t h e  o l d e s t  and most fundamental problems chal lenging s c i e n t i s t s  

i s  the  s t r u c t u r e  of t he  universe--the abundance of t he  elements i n  t h e  

cosmos, the  evolut ion of t he  stars and ga lax ie s ,  t h e  formation of t h e  

sun and p l ane t s ,  and the  o r i g i n  of the  e a r t h .  A l l  t h e  information we 

had about t h e  universe  p r i o r  t o  1957 came t o  us i n  the  form of waves 
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rad ia ted  from the  sur faces  of s t a r s  t h a t  reach our te lescopes  and spec t ro-  

graphs. Unfortunately most of t h i s  s t a r  r ad ia t ion  i s  absorbed i n  t h e  

atmosphere and a p i t i f u l l y  small  f r a c t i o n  reaches our instruments.  

Everything e l s e  i s  l o s t  t o  us i n  observations a t  t he  su r face  of t h e  

ea r th .  Under these  handicaps, astronomers with g r e a t  ingenui ty  have 

learned much about t he  composition of the s ta rs ,  t h e i r  l i f e  h i s t o r i e s  

from t h e  t i m e  of b i r t h  i n  the  chance condensation out of t he  gas and 

dus t  of i n t e r s t e l l a r  space,  t o  rhe i r  eventual des t ruc t ion  i n  the  explo- 

s ion  of t h e  Supernova. Now f o r  t he  f i r s t  t i m e  i n  t h e  h i s t o r y  of science 

w e  have t h e  means t o  put a te lescope above t h i s  atmospheric c u r t a i n  and 

our instruments can then t ake  i n  the  e n t i r e  breadth of r ad ia t ion .  More- 

over,  w e  can send our instruments now t o  t h e  nea res t  p lane ts  and probably 

i n  a few years  t o  t h e  ou te r  reaches of t h e  s o l a r  system. An unmanned 

astronomical observatory f o r  use  i n  a s a t e l l i t e  i n  space i s  near ing 

completion and i s  scheduled f o r  f i r s t  launch during t h e  l a t t e r  p a r t  of 

th is  year .  Within the  pas t  year w e  launched the  second Orbi t ing Solar  

Observatory f o r  s tud ie s  of the  sun and t h e  f i r s t  Orbi t ing Geophysical 

Observatory f o r  studying the  ea r th .  

many instruments and a r e  made pc;ss ih le  only through t h e  cooperat ion of 

many experimenters i n  u n i v e r s i t i e s ,  i n d u s t r i e s ,  and government labora- 

t o r i e s .  

t o  make measurements wi th in  the  ionosphere and of t he  ionosphere from 

above, t o  measure e l e c t r i c  and magnetic f i e l d s  and t h e  charged p a r t i c l e s  

which a r e  present  i n  t h e  neighborhood of t h e  e a r t h ,  t h e  dens i ty  of a i r  

present  a t  var ious he ights  and the  f l u x  of micrometeoroids. 

These observatory s a t e l l i t e s  c a r r y  

Many smaller  s a t e l l i t e s  were launched f o r  s c i e n t i f i c  purposes, 

The second 
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Arie l  s a t e l l i t e  was launched i n  cooperation w i t h  Great B r i t a i n ,  car ry ing  

experiments by B r i t i s h  s c i e n t i s t s  f o r  t he  measurement of g a l a c t i c  r ad io  

noise ,  of atmospheric ozone, and of micrometeoroid f lux .  An I t a l i a n  

sa te l l i t e  f o r  t he  measurement of the loca l  dens i ty  of t h e  upper atmos- 

phere was launched by an I t a l i a n  crew in t h e  cooperat ive San Marco 

p ro jec t .  The crew was t r a ined  by NASA, and t h e  s a t e l l i t e  was placed i n  

o r b i t  by a Scout rocket from Wallops I s land .  Thus I t a l y  became t h e  

I 

I 

t h i r d  country o ther  than the  U . S .  or  the U.S.S.R, t o  launch a s a t e l l i t e  

of i t s  own. 

During t h e  l a s t  few months, Ranger V I I  and Ranger V I 1 1  have t r ans -  

mi t ted  back t o  e a r t h  thousands of t e l ev i s ion  p i c tu re s  of t h e  lunar 

su r face  of extraordinary q u a l i t y .  

graphed a t  two genera l  loca t ions  with a thousand times t h e  c l a r i t y  of 

e a r t h  te lescopes .  I n  each case t h e  vehic les  were impacted on t h e  moon 

very c l o s e  t o  t h e  intended t a r g e t s .  

launched t o  f l y  by t h e  p lane t  Mars. 

approach t o  Mars--about 5400 miles--on J u l y  14, 1965; and i f  t h e  equip- 

ment cont inues t o  work properly,  we w i l l  f o r  t h e  f i r s t  t i m e  ob ta in  2 1  

p i c t u r e s  of t h e  p lane t  Mars about 50 t~ 100 times b e t t e r  than any. taken 

from the  earth's sur face .  

Deta i l s  of t h e  moon have been photo- 

On November 28 Mariner I V  was 

The veh ic l e  w i l l  make i t s  c l o s e s t  

A s  w e  pursue inves t iga t ions  in  bas i c  sc ience  i n  the  space program, 

w e  are a l s o  developing areas  of appl ica t ion  such a s  meteorology and 

communications. These, as much as  anything else w e  do, w i l l  s e rve  t o  

k n i t  c l o s e r  toge ther  the  peoples of t h i s  e a r t h  i n  a bond of b e t t e r  

understanding of each o t h e r ' s  problems and of mutual a s s i s t ance  and 
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b e n e f i t s  t h a t  w i l l  cane with b e t t e r  weather pred ic t ions .  

p a s t  t h r e e  years  seven successfu l  comtnunications s a t e l l i t e s  have been 

launched of t h r e e  types,  namely: passive,  i . e . ,  Echo; low-al t i tude 

a c t i v e ,  including two T e l s t a r s  and two Relays; and two synchronous 

* s a t e l l i t e s ,  Syncom 11 and Syncom 111. These s a t e l l i t e s  have been used 

During the  

t o  demonstrate t ranscont inenta l  and transoceanic communication i n  a l l  

of i t s  forms, including telephone, t e l e type ,  and t e l e v i s i o n .  You may 

r e c a l l  t h e  t ransmission of t he  Olympic Games from Tokyo t o  t h e  Western 

World by means of Syncom 111, 

equa to r i a l  o r b i t  i n  August 1964. It was posi t ioned so accura te ly  t h a t  

it d r i f t s  westward only one mile  p e r  day and north and south of t he  

equator l e s s  than s i x  m i l e s  per day--al l  t h i s  a t  an a l t i t u d e  about 22,500 

m i l e s  above t h e  e a r t h ' s  sur face .  

t hese  satel l i tes  forms a foundation f o r  t h e  opera t iona l  system t o  be 

e s t ab l i shed  by t h e  Communications S a t e l l i t e  Corporation i n  cooperation 

with many o ther  na t ions .  

Syncom I11 was placed i n  a synchronous 

The experimental work c a r r i e d  out by 

Manned space- f l igh t  a c t i v i t i e s  w i l l  resume t h i s  month with t h e  f i r s t  

manned f l i g h t  of t h e  Gemini car ry ing  two as t ronau t s .  Gemini i s  t o  be 

used t o  develop ea r th -o rb i t i ng  rendezvous techniques,  t o  study t h e  

behavior of men and equipment i n  extended f l i g h t s  under condi t ions of 

weight lessness ,  t o  begin the  s tudy of ex t ravehicu lar  operat ions i n  space,  

and t o  se rve  a v a r i e t y  of manned missions of i n t e r e s t  t o  NASA and t h e  

Department of Defense. 

Manned f l i g h t s  w i l l  cont inue with t h e  Apollo three-man capsule ,  

which eventua l ly  w i l l  t ake  man t o  the  moon. The broad purpose of t h e  
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Apollo p r o g r a  i s  t h e  establishment of a national-. compeizenee f o r  manned 

space f l i g h t  out t o  d i s t ances  of t h e  moon, i~e ludiaag  the i n d u s t r i a l  base,  

t r a ined  personnel,  ground f a c i l i t i e s ,  f l i g h t  hardware, and opera t iona l  

experience.  The use of tk.ds c a y a b i l i t y  for  nm19-4 flight to the moon 

and r e tu rn  and f o r  f u r t h e r  spec.; azplora+-ioss oct  to d i s ~ a n c a a  of the 

moon i s  intended t a  b r h g  cbout h i t e d  Stateznrr Leadkr&ip i n  space.  We 

then w i l l  be i n  a pos i t i on  t o  do whatever QUI( n a t i o m l  interests r equ i r e  

i n  t h e  f u r t h e r  study and use of t h i s  new envirmment. 

I intend t o  make my p r inc ipa l  report  t o  ycu on the s t a t u s  of t he  

Apollo program through the  use of a f i lm a t  t he  erd o f  this t a l k .  Thus 

I w i l l  merely mention here  t h a t  two new launch vehic les  a r e  under develop- 

ment t o  provide the  des i red  capab i l i t y .  The i i r s t  is the Saturn IB, 

whose f i r s t  s t age  uses a c l u s t e r  of e ight  up-rated H-1 engines and i s  a 

developed and redesigned vers ion of t h e  present  Saturn I f i r s t  s tage .  

You w i l l  r e c a l l  t h a t  e ight  successful  f l i g h t s  of t h e  Saturn I have been 

made. 

l i q u i d  oxygen engine of 200,000 pounds' t k u s t  i n  t he  s-HVB sc-age, This 

launch veh ic l e  w i l l  be ab le  t o  place a payload of 35,000 poands i n  a 

105-nautical-mile o r b i t .  

i n  1966, car ry ing  t h e  Apollo three-man capsule  in  e a r t h  o r b i t .  

The upper s t age  of Saturn IB w i l l  u t i l i z e  one 5-2 l i q u i d  hydrogen- 

It wai i  be a m - r a t e d  and make i ts  f a r s t  f l i g h t  

For t h e  mission of landing on t h e  moon, a s t i l l  l a r g e r  booster  i s  

under development, t he  Saturn V. The f i r s t  s t age  uses a c l u s t e r  of f i v e  

F-1 engines,  each with a t h r u s t  of one and a hal f  mi l l i on  pounds, giving 

a t o t a l  t h r u s t  of seven and a half  nillisn pounds. The second S - I I  s t age  

u t i l i z e s  f i v e  5-2 l i qu id  oxygen-liquid hydrogen engines with a t o t a l  
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t h r u s t  of one mi l l i on  pounds, and the  t h i r d  s t age  is  the  S-IVB a l ready  

descr ibed.  The f i r s t  f l i g h t  of t h e  Saturn V i s  scheduled f o r  t h e  1967-68 

time period. This l a rge  launch vehic le ,  33 f e e t  i n  diameter and 276 f e e t  

high less the  spacecraf t ,  i s  a b l e  t o  p u t  t h e  Apollo space capsule ,  t h e  

instrument u n i t ,  and the  S- IVB stage--a t o t a l  weight of 280,000 pounds-- 

i n  a 105-nautical-mile e a r t h  o r b i t .  

The f l i g h t  missions which I have mentioned are undergirded by a 

program of advanced research and technology, c a r r i e d  out i n  in-house 

government l abora to r i e s  of NASA and other government agencies ,  bu t  a l s o  

i n  cooperat ion with industry and t h e  u n i v e r s i t i e s  under con t r ac t .  The 

work ranges from bas i c  research t o  applied research and advanced tech- 

nologica l  development, and the re  a r e  l i t e r a l l y  thousands of p ro jec t s  

which cannot be descr ibed he re  i n  d e t a i l .  However, I may attempt t o  

g ive  sane idea of t h e  scope by mentioning t h e  broad c l a s s i f i c a t i o n s  of 

our g ran t s  and research con t r ac t s  with u n i v e r s i t i e s  and nonprofi t  i n s t i -  

t u t i o n s .  The f i e l d s  covered a r e  

Physical  sciences (physics,  chemistry, and mathematics) 

Engineering sciences (energet ics ,  e lectromagnet ics ,  f l u i d  mechanics, 
m a t e r i a i s  technology, mechanics, system ana lys i s  and con t ro l ,  f l i g h t  
opera t ions)  

Cosmological sciences (planetary sc iences ,  as t rophys ics ,  astronomy) 

Soc io-economic s t u d i e s  

S c i e n t i f i c  inves t iga t ions  i n  space (sounding rockets ,  s c i e n t i f i c  
sa te l l i t es ,  lunar  and planetary explorat ion)  

S a t e l l i t e  app l i ca t ions  inves t iga t ions  (meteorology, communications) 

Vehicle systems technology (advanced veh ic l e  systems, booster  
recovery systems) 
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Supporting a c t i v i t i e s  ( t racking  and data)  

Space operat ions technology (manned space f l i g h t )  

Space propulsion technology ( so l id  rocket systems technology, l i qu id  
rocket  systems technology, nuclear  systems technology, space power 
systems technology) 

F l igh t  medicine and biology (biotechnology, opera t iona l  aspec ts  of 
i n - f l i g h t  experiments) 

Basic medical and behavioral  sciences (physiology, metabolism, 
radiology, psychology and sociology) 

Space biology ( e f f e c t s  of space environment on b io log ica l  phenomena, 
e x t r a t e r r e s t r i a l  l i f e )  

Research today has progressed from t h e  e a r l y  days of unrelated 

inves t iga t ions  of a comparatively few indiv idua ls  working on sub jec t s  

t h a t  i n t e r e s t e d  them. Now w e  have the  organized e f f o r t  of l a rge  groups 

on programs whose goa ls  a r e  set by the  j o i n t  thinking of un ive r s i ty  

s c i e n t i s t s ,  research s t a f f s ,  a i r c r a f t  des igners ,  a i r c r a f t  users ,  space 

veh ic l e  designers ,  and space veh ic l e  u se r s .  It i s  t h i s  co l labora t ion  of 

s c i e n t i s t ,  designer ,  and user  which makes our aeronaut ica l  and space 

research so f r u i t f u l  and permits so rap id  a r a t e  of progress.  And these  

developments, taken toge ther ,  s ign i fy  t h a t  our p lane t  w i l l  become small  

i n  t h e  eyes of man, a s  small a s  Eu-i.s-,e became i n  t h e  s ix t een th  and 

seventeenth cen tu r i e s .  

The f u t u r e  l i e s  b r igh t  before  us. I am reminded of a L i f e  Magazine 

e d i t o r i a l  i n  1963 (May 17  issue) which sa id :  "Never was t h e r e  so much 

f o r  t a l e n t e d  men t o  do whether i n  p o l i t i c s ,  science,  a r t ,  business ,  o r  

even specula t ions  on the  na tu re  of man. The same could have been s a i d  

of Europe near  t h e  end of the  F i f teenth  Century when t h e  Renaissance 



- 18- 

was opening new doors t o  human thought and experience.  A time of 

chal lenge always produces skep t i c s  and wapa'yers ; I s a b e l l a  of Spain had 

advisors  who t r i e d  t o  t a l k  he r  out  of f inancing Columbus's voyage. But 

t h e  bold s p i r i t s  of t h a t  time did venture i n t o  t h e  unknown and they 

turned t h e i r  age,  a l ready exc i t i ng  enough, i n t o  an era of unprecedented 

explora t ion  and discovery which changed t h e  h i s t o r y  of t h e  world." 

The progress w e  have made i n  aeronaut ics  and space, with t h e  

support  of t h e  Congress and the  people, i s  t ang ib le  enough f o r  a l l  t o  

see. I f e e l  t h a t  w e  a r e  a t  t h e  beginning of a g r e a t  new surge i n  

sc ience  and technology s t imulated by t h e i r  i n t e rac t ions  with each o ther  

and w i t h  s o c i a l  needs, nourished by the  resources  and needs of space 

explora t ion .  Many more t ang ib le  bene f i t s  l i e  before  us.  

Wilbur Wright i n  aff i rming t h a t  "it is not necessary t o  look too  f a r  

i n t o  the fu tu re ,  we see enough already t o  be  c e r t a i n  t h a t  it w i l l  be 

magnificent .I' 

I j o i n  with 

. . . o . .  . 


