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BASIC R E S E A R C H  AND NATIONAL SECURITY 

6 O c t o b e r  1955 

DR. R E I C H L E Y :  T h i s  m o r n i n g  we b e g i n  o u r  G e n e r a l  L e c t u r e  
P r o g r a m  as  i n d i c a t e d  in the  r e c e n t l y  d i s t r i b u t e d  a n n o u n c e m e n t .  The  
f i r s t  s e r i e s  in th i s  p r o g r a m  is  c o n c e r n e d  with R e s e a r c h  and D e v e l o p -  
m e n t  and wi l l  c o n s i s t  of about  f ive l e c t u r e s  s p r e a d  t h r o u g h o u t  the  
next  two m o n t h s .  

T o d a y  we wi l l  h e a r  about  the m o s t  f u n d a m e n t a l  k ind of r e s e a r c h - -  
b a s i c  r e s e a r c h - - t h e  s tudy  and i n v e s t i g a t i o n  to f ind new t r u t h s  and to 
ga in  a b e t t e r  u n d e r s t a n d i n g  of the  l aws  of n a t u r e .  Such s tudy ,  we know,  
has  g r e a t  m e a n i n g  fo r  n a t i o n a l  s e c u r i t y .  The  d i s c o v e r y  of e l e c t r o -  
m a g n e t i c  w a v e s  and t h e i r  c h a r a c t e r i s t i c s  by t e a c h e r s  of p h y s i c s  l e d  
e v e n t u a l l y  to r a d i o ,  r a d a r ,  p r o x i m i t y  f u s e s ,  and o t h e r  u s e s  i m p o r t a n t  
to the  m i l i t a r y  s e r v i c e s .  S tud ies  in the n a t u r e  of the  a t o m  and of 
r a d i o a c t i v i t y  p r o v i d e d  the  b a s i c  w o r k  tha t  r e s u l t e d  in the  a t o m i c  
b o m b .  Many  o t h e r  s u b j e c t s  i n v e s t i g a t e d  in the  a c a d e m i c  e n v i r o n m e n t  
of  i v y - c o v e r e d  t o w e r s  have  led  to c h a n g e s  in i n d u s t r y  and w a r .  

To tell us about basic research and its importance to national 
security, we have called on an outstanding, experienced scientist, Dr. 
Raymond Seeger, Acting Assistant Director of the National Science 
Foundation. It gives me pleasure to welcome Dr. Seeger to the Indus- 
trial College. Dr. Seeger. 

DR. S E E G E R :  D r .  R e i c h l e y ,  G e n e r a l  Calhoun,  and t h o s e  of you  
who, l ike  m e ,  have  to be  h e r e .  I was  v e r y  m u c h  i m p r e s s e d  in r e a d -  
ing  the  s c o p e  of  t o p i c s  tha t  I m i g h t  c o v e r .  As a m a t t e r  of fac t ,  I 
though t :  If th i s  i s  t r u e ,  I m u s t  get  o v e r  t h e r e  to h e a r  what  th i s  f e l l o w  
has  to s ay .  I a m  c e r t a i n  that  I don ' t  have  the  a n s w e r s .  I h e a r  t ha t  
s o m e  of you  p e o p l e  do have  the  q u e s t i o n s ,  h o w e v e r .  

One  of the  g r e a t  i s s u e s  today  is  the  r e l a t i o n  of m a n  to s c i e n c e .  
I h a v e  d e l i b e r a t e l y  u s e d  the  p h r a s e  m a n  and s c i e n c e ,  r a t h e r  t han  
s c i e n c e  and  m a n ,  to s u g g e s t  that  m a n  h i m s e l f  i s  the  key  to the  p r o b -  
l e m .  I s h a l l  s t r e s s  on ly  the  s c i e n t i f i c  a s p e c t  of  th i s  r e l a t i o n s h i p  
t o d a y  a l t h o u g h  I a m  qu i te  s e n s i t i v e  to the h u m a n  s i g n i f i c a n c e .  

One p h a s e  of the  i s s u e  m a y  be  s t a t e d  thus :  Is s c i e n c e  i n h e r e n t l y  
i n d i v i d u a l i s t i c ?  If so,  p e r s o n a l  f r e e d o m  is  a p r i m a r y  r e q u i s i t e  for  



each scientist. Or, Is science essentially social? Then Government 
planning is a fundamental necessity for all science. 

The present emphasis all over the world seems to be on the social 
importance of science, arising probably from the prominent place it 
occupies inthe economic structure of modern society (cf. the medieval 
social interest in astrology and alchemy). 

First of all, man is searching intensively for all kinds of materials 
and for cheap sources of energy, owing partly to catastrophic World 
War II losses, partly to normal population growth, and partly to an ever 
increasing demand for commodities. 

S e c o n d l y ,  t h e  d r a m a t i c  u s e  o f  a t o m i c  e n e r g y  w i t h i n  s i x  y e a r s  
a f t e r  i t s  i d e n t i f i c a t i o n  h a s  e n c o u r a g e d  a b e l i e f  t h a t  t h e  u s u a l  t i m e l a g  
b e t w e e n  d i s c o v e r y  a n d  a p p l i c a t i o n  c a n  b e  g r e a t l y  d e c r e a s e d  b y  a 
s u f f i c i e n t  e x p e n d i t u r e  o f  s i m u l t a n e o u s  e f f o r t s .  (A m o r e  r e c e n t ,  b u t  
l e s s  w e l l - k n o w n  e x a m p l e  f r o m  s o l i d - s t a t e  s c i e n c e  i s  t h e  i n v e n t i o n  o f  
t h e  t r a n s i s t o r .  ) 

It is conceivable that the mastery of nature through science will 
make possible the mastery of the world. The uppermost question, 
therefore, in everyone's mind is this: if science is to rule the world, 
who is to rule science ? Accordingly, we find governments generally 
sensitive to the basic research studies of technology. Sometimes, 
indeed, there is a deliberate attempt to make basic research captive, 
often indirectly through the support of education. For example, in 
recent years more than 60 percent of education in Great Britain has 
been supported by the national government; in Germany about 90 per- 
cent of all research at educational institutions has government funds 
for its source; in Russia technological development is being exploited 
in an all-out effort. Even in the United States it is estimated that the 
Federal Government supports about 70 percent of the research per- 
formed at educational institutions. Hence it is not surprising to find 
President J. D. Millet of the University of Miami, Chairman of the 
Commission on Financing Higher Education of the Association of 
American Universities, saying "Many of America's greatest univer- 
sities are on the verge of becoming purely scientific, if not techno- 
logical institutions. " In any case the spectrum of the distribution of 
national funds for the support of science is anxiously watched as an 
index to technological progress. 
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Let  us, t h e r e f o r e ,  c o n s i d e r  in m o r e  de t a i l  the  q u e s t i o n :  Is 
s c i e n c e  e s s e n t i a l l y  s o c i a l ?  Some  y e a r s  ago Ju l i an  Huxley  c o n c l u d e d  
h is  book  on " S c i e n c e  and Socia l  N e e d s "  with the s t a t e m e n t :  " S c i e n c e  

i s  not  the  d i s e m b o d i e d  s o r t  o f : ac t iv i ty  that  s o m e  would m a k e  out, 
e n g a g e d  in the  a b s t r a c t  t a s k  of p u r s u i n g  u n i v e r s a l  t ru th ,  but a s o c i a l  
funct ion ,  i n t i m a t e l y  l i nked  with h u m a n  h i s t o r y  and h u m a n  d e s t i n y .  " 
In the  s a m e  s p i r i t  H y m a n  L e w j  in " T h e  U n i v e r s e  of S c i e n c e "  has  
e m p h a s i z e d  that  s c i e n c e  c r e a t e s  s o c i a l  n e e d s ,  w h e r e a s  L a n c e l o t  
Hogben  h a s  b o a s t e d  con t inua l l y  that  s c i e n c e  fu l f i l l s  s o c i a l  n e e d s .  The  
Union  of Sovie t  S o c i a l i s t  R e p u b l i c s  no te s  in the Sovie t  e n c y c l o p e d i a  
that  " T h e  u l t i m a t e  a i m  of al l  s c i e n c e  is  the  s a t i s f y i n g  of the  n e e d s  of 
s o c i e t y .  " The  Soviet  Union  i t s e l f  is  a good e x a m p l e  of th i s  t h e s i s .  

In the  o f f i c i a l  M a r x i s t  D o c t r i n e  of  1930 we a r e  i n f o r m e d  that  
s c i e n c e  i s  i d e n t i c a l  with t echno logy ;  that  s c i e n c e  a d v a n c e s  p r a c t i c a l  
n e e d s ;  tha t  s c i e n c e ,  t h e r e f o r e ,  m u s t  be  o r g a n i z e d  for  p r a c t i c a l  
n e e d s ;  and tha t  c e n t r a l  d i r e c t i o n  is  n e c e s s a r i l y  a p a r t  of e c o n o m i c  
p l ann ing .  A d r a m a t i c  i l l u s t r a t i o n  of th is  d o c t r i n e  in p r a c t i c e  was 
the  r e c e n t  d e v e l o p m e n t  of b i o l o g i c a l  s c i e n c e  in the  Sovie t  Union .  In 
1948 !Lysenko  e x p r e s s e d  oppos i t i on  to g e n e t i c s  b e c a u s e  of i t s  h e r e d -  
i t a r y  e m p h a s i s  in c o n t r a s t  to the  e n v i r o n m e n t a l  f ac to r ,  p r o p e r  fo r  
Sovie t  thought .  He was opposed  a l so  to D a r w i n i a n  t h e o r i e s  with t h e i r  
e m p h a s i s  upon ind iv idua l  s p e c i e s  c o m b a t t i n g  one  a n o t h e r  in c o n t r a s t  
to the  L a m a r c k i a n  i n f l u e n c e  of e n v i r o n m e n t .  Within  two y e a r s  
M i c h u r i n  of R u s s i a  a n n o u n c e d  that  t h r o u g h  L y s e n k o ' s  m e t h o d s  ac tua l  
c h a n g e s  had  b e e n  e f f e c t e d  in p lan t s ,  such  as the  t r a n s f o r m a t i o n s  of whea t  
in to  r y e ,  of e l m  into  haze lwood ,  of p ine  into f i r ,  et  al .  Two y e a r s  
l a t e r  an a n n o u n c e m e n t  f o r e t o l d  a n i m a l  c h a n g e s  soon  to c o m e  (to da te ,  
t he  s p e a k e r  has  no knowledge  of the  f u l f i l l m e n t  of th is  p rophecy} .  

In p r a c t i c e  the  Sovie t  D o c t r i n e  r e s u l t e d  e a r l y  in a n a t i o n a l i z a t i o n  
of  s c i e n c e  qu i te  c o n t r a r y  to the  i n t e r n a t i o n a l  cha rac t e r ,  that  has  b e e n  
g e n e r a l l y  a c c e p t e d  in w e s t e r n  c u l t u r e .  F o r  e x a m p l e ,  in 1935 Sovie t  
s c i e n t i s t s  w e r e  not  p e r m i t t e d  to pub l i sh  in s c i e n t i f i c  j o u r n a l s  o u t s i d e  
R u s s i a ;  l a t e r  the  Sovie t  j o u r n a l s  t h e m s e l v e s  w e r e  p u b l i s h e d  on ly  in 
the  R u s s i a n  l anguage ;  s t i l l  l a t e r ,  r e f e r e n c e s  w e r e  con f ined  m o s t l y  to 
R u s s i a n  l i t e r a t u r e .  To say  the l e a s t ,  h i s t o r y  m a y  b e c o m e  g r e a t l y  
d i s t o r t e d  t h r o u g h  such  a p r o c e d u r e .  (The  new look  of the U. S. S . R .  i s  
qu i te  e n c o u r a g i n g  fo r  an i n t e r n a t i o n a l  ou t look  in the  a r e a  of s c i e n t i f i c  
p u b l i c a t i o n - - e ,  g . ,  p e r m i s s i o n  for  e x t e r n a l  pub l i ca t ion ,  and E n g l i s h  
a b s t r a c t s  of  i n t e r n a l  j ou rna l s} .  



If  we would  s e e  o u r s e l v e s  as  o t h e r s  s e e  us,  we m i g h t  we l l  r e a d  
the  s o m e w h a t  p r e j u d i c e d  book  of S. F .  M a s o n  on " M a i n  C u r r e n t s  of 
S c i e n t i f i c  T h o u g h t "  (1953). He a r g u e s  tha t  in the  19th c e n t u r y  the  
m a i n  c u r r e n t  of Sovie t  though t  was  e s s e n t i a l l y  of a t h e o r e t i c a l  n a t u r e  
(cf.  L o b a c h e w s k y ' s  n o n - E u c l i d e a n  g e o m e t r y ,  M e n d e l e e v ' s  p e r i o d i c  
t ab l e ,  P a v l o v ' s  c o n d i t i o n e d  r e f l e x e s ) ,  w h e r e a s  in the  Un i t ed  S t a t e s  
it had  m o r e  of  a t e c h n o l o g i c a l  c h a r a c t e r  (e.  g . ,  a n e s t h e t i c s ,  the  
t e l e p h o n e ,  the a i r p l a n e ,  et  a l . ,  c u l m i n a t i n g  in the  t w e n t i e t h  c e n t u r y  
p r o d u c t i o n  of the  a t o m i c  bomb) .  P e r h a p s ,  we s h o u l d  look  c r i t i c a l l y  
in o u r  own h i s t o r i c a l  m i r r o r .  We s e e  B e n j a m i n  F r a n k l i n  p r o m o t i n g  
in 1773 the found ing  of the  A m e r i c a n  P h i l o s o p h i c a l  S o c i e t y  " F o r  
P r o m o t i n g  U s e f u l  K n o w l e d g e .  " In 1836 J o s e p h  H e n r y ,  b e f o r e  h i s  
a p p o i n t m e n t  as  S e c r e t a r y  of the S m i t h s o n i a n  In s t i t u t i on ,  s a i d  " T h o u g h  
m a n y  e x c e l  in the  a p p l i c a t i o n  of s c i e n c e  to p r a c t i c a l  a r t s  of l i fe ,  few 
devo t e  t h e m s e l v e s  to the  c o n t i n u e d  l a b o r  and p a t i e n t  d i s c o v e r y  and 
d e v e l o p m e n t  of new t r u t h s .  " With r e s p e c t  to T h o m a s  E d i s o n ,  H e n r y  
F o r d  r e m a r k e d  " T o d a y  we th ink  of s c i e n t i f i c  d i s c o v e r i e s  in c o n n e c t i o n  
with  t h e i r  p o s s i b l e  o r  f u t u r e  a p p l i c a t i o n  to the  n e e d s  of m a n .  " In h i s  
" S c i e n c e ,  the  E n d l e s s  F r o n t i e r "  V a n n e v a r  B u s h  w a r n e d  in 1945 " O u r  
n a t i o n a l  p r o m i n e n c e  in the  f i e l d s  of app l i ed  r e s e a r c h  and d e v e l o p m e n t  
shou ld  not b l i n d  us to the  t r u t h  tha t  with r e s p e c t  to p u r e  r e s e a r c h - -  
the  d i s c o v e r y  of f u n d a m e n t a l  n e w  k n o w l e d g e  and b a s i c  s c i e n t i f i c  
p r i n c i p l e s - - A m e r i c a  has  o c c u p i e d  a s e c o n d  p l a c e .  " Thus ,  we s e e  
f r o m  the  b e g i n n i n g  of A m e r i c a n  h i s t o r y  to m o d e r n  t i m e s  a u t i l i t a r i a n  
t r a d i t i o n .  

N o w a d a y s  t h e r e  a p p e a r s  to be  a w o r l d w i d e  p h e n o m e n o n  of s u c h  
t e c h n o l o g i c a l  e m p h a s i s .  On the one  hand,  t h o s e  c o u n t r i e s  wi thou t  
i n d u s t r i e s  a r e  u r g e n t l y  s t r i v i n g  to e n c o u r a g e  i n d u s t r i a l  r e s e a r c h ;  
whi le ,  on the  o t h e r  hand,  t h o s e  c o u n t r i e s  wi th  w e l l - d e v e l o p e d  i n d u s -  
t r i e s  a r e  b u s i l y  e n g a g e d  in f o s t e r i n g  m i l i t a r y  r e s e a r c h .  In G r e a t  
B r i t a i n ,  fo r  e x a m p l e ,  d u r i n g  the p e r i o d  1936-37 to 1950-51 the  Gov-  
e r n m e n t  s u p p o r t  of b a s i c  r e s e a r c h  in the  u n i v e r s i t i e s  i n c r e a s e d  on ly  
s ixfo ld ,  wh i l e  G o v e r n m e n t  e x p e n d i t u r e s  i n c r e a s e d  e igh t  t i m e s  in 
a g r i c u l t u r a l  r e s e a r c h ,  n ine  t i m e s  in m e d i c a l  r e s e a r c h ,  t en  t i m e s  in 
i n d u s t r i a l  r e s e a r c h ,  and s ix ty  s e v e n  t i m e s  in m i l i t a r y  r e s e a r c h  and  
d e v e l o p m e n t .  

In a l l  th i s  s o c i a l  e m p h a s i s  upon s c i e n c e ,  to b e  s u r e ,  t h e r e  a l w a y s  
l u r k s  the p o t e n t i a l  d a n g e r  of u n d e s i r a b l e  c o n t r o l .  P h y s i c i s t s  a r e  e v e r  
m i n d f u l  of the  m e e t i n g  of the  B r i t i s h  A s s o c i a t i o n  fo r  the A d v a n c e m e n t  
of S c i e n c e  in 1847 at which  J a m e s  J o u l e ' s  e x p e r i m e n t a l  c o n c l u s i o n  of 
the  c o n s e r v a t i o n  of e n e r g y  would  have  b e e n  d i s m i s s e d  ex c a t h e d r a  by 
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the chairman had it not been for the alert and sensitive intervention 
of a young man by the name of William Thomson, later Lord Kelvin. 
A tragic series of events took place in Germany partly because of 
Hermann yon Helmholtz's failure to recognize the theoretical work 
of Robert Mayer on the mechanical equivalent of heat in 1842, even 
though he admitted its value at the Innebruck meeting in 1869. We 
are all aware of the German decision not to develop atomic energy 
during World War II. An "expert" here once informed a class that 
supersonic flight of aircraft would never be a possibility--at the very 
time that the Germans had privately completed their basic aerody- 
namic research for the V-2. I myself still recall certain individuals 
who advised against sponsoring basic research on the long-range 
application of interferometry to jets because of a supposed urgency 
of a short-range duration. Then, too, I recollect the scoffing attitude 
of some persons who questioned certain theoretical work in favor of 
practical improvements amounting, say, to an increased efficiency 
of a tenth of one percent. It turned out later, however, that the 
theoretical ideas became embodied in the air-burst principle used in 
the bombing of Hiroshima and Nagasaki with its untold percentage 
increase in effectiveness. 

Men of affairs unfortunately are not alone in being adept in mak- 
ing wrong choices. In his outstanding work on "Hydrodynamics" (6th 
edition) the scholar Horace Lamb mentions the basic Rankins-Hugonist 
law of shock waves only casually (in a footnote), viz, "No evidence 
has yet been adduced in support of this law. " Yet since that year of 
1933 shock waves have assumed a major role of practical importance 
and of theoretical significance. It is evident that the high stakes 
involved in wrong choices make the management problem of judging 
social significance a matter of utmost importance. Even though con- 
trol of science by scientists is not without serious problems and 
handicaps, there would appear to be an even greater danger if the 
development of science should be controlled by nonscientists--for 
motives other than scientific progress. 

What i s  m o r e ,  t h e r e  is  a lways  a lso  a l i m i t i n g  m a n p o w e r  p r o b l e m  
in any s o c i a l  e n d e a v o r .  S o m e  t i m e  ago a r e p r e s e n t a t i v e  of a f o r e i g n  
o i l  c o m p a n y  po in ted  out f r o m  an a n a l y s i s  he had m a d e  that  r e s e a r c h  
output  has  a p p a r e n t l y  doub led  e v e r y  s e v e n  y e a r s  in r e c e n t  t i m e s .  He 
e s t i m a t e s  that  j u s t  one  m o r e  e f fec t ive  doubl ing  is  p o s s i b l e  owing  to 
the  l i m i t a t i o n  of s u f f i c i e n t l y  i n t e l l i g e n t  p e r s o n s  ava i l ab l e  fo r  gu id ing  
b a s i c  r e s e a r c h  in a b a l a n c e d  e c o n o m y .  R e g a r d l e s s  of the  c o r r e c t n e s s  
of the  p r o p h e c y ,  e v i d e n t l y  the  a v a i l a b i l i t y  of s c i e n t i f i c  p e r s o n n e l  at 



any  p a r t i c u l a r  p l a c e  and t i m e  does  i m p o s e  an u p p e r  l i m i t  so  tha t  effi  ~ 
c i e n t  u t i l i z a t i o n  of p e o p l e  m a y  be  of p r i m a r y  s i g n i f i c a n c e .  In o u r  own 
c o u n t r y  we no te  the  r a p i d  d e p l e t i n g  of s c i e n t i f i c  p e r s o n n e l  in c o l l e g e s  
and u n i v e r s i t i e s  owing  to the  i n c r e a s i n g  c o m p e t i t i o n  a m o n g  i n d u s t r i e s  
f o r  t e c h n i c a l  t a l e n t  at  the  v e r y  t i m e  when  s c h o o l s  a r e  b e g i n n i n g  to 
b u l g e .  It m a y  wel l  be  that  in th i s  p r o c e s s  we a r e  a l l  r o b b i n g  the  a c a -  
d e m i c  g o o s e  who l~/ys the  i n t e l l e c t u a l  eggs .  F r a n c e  long  ago p o i n t e d  
to a m o r e  l i k e l y  r o a d  to s c i e n t i f i c  a c h i e v e m e n t  in the  e s t a b l i s h m e n t  
of  the  E c o l e  P o l y t e c h n i q u e  wi th  i t s  u t i l i z a t i o n  of r e s e a r c h - m i n d e d  
i n d i v i d u a l s  as  t e a c h e r s .  

Is  s c i e n c e ,  p e r h a p s ,  i n h e r e n t l y  i n d i v i d u a l i s t i c  ? T h e r e  is  no 
doubt  tha t  m u c h  s c i e n t i f i c  g r o w t h  has  p s y c h o l o g i c a l  and s o c i o l o g i c a l  
r o o t s  in m o r e  o r  l e s s  p r a c t i c a l  r e q u i r e m e n t s .  It m u s t  a l w a y s  be  b o r n e  
in m i n d ,  h o w e v e r ,  tha t  i n t e l l e c t u a l  c u r i o s i t y  p e r  s e  a l so  is  o f ten  a 
p r i m a r y  i n c e n t i v e .  T h e  e l e m e n t  of w o n d e r  and a s t o n i s h m e n t  i s  a l w a y s  
a p e r t i n e n t  m o t i v a t i n g  f a c t o r .  Newton  h i m s e l f ,  when  a s k e d  about  his" 
own d i s c o v e r i e s ,  s t a t e d  tha t  he  had  m a d e  t h e m  ' b y  a l w a y s  t h i n k i n g  
a s i d e  about  t h e m .  " In m o r e  r e c e n t  t i m e s ,  X - r a y s  w e r e  d i s c o v e r e d  as 
a s e r e n d i p i t y  b i o l o g i c a l  b y p r o d u c t  of a p h y s i c s  i n v e s t i g a t i o n .  In the  
s c i e n t i f i c  l a b o r a t o r y ,  as we l l  as in k i n d e r g a r t e n ,  the  i n t e l l e c t u a l  a c t i v -  
i ty  m u s t  be  fun.  P e r h a p s ,  h e r e  is  a c l u e  to the  s c i e n t i f i c  p r o d u c t i v i t y  
of y o u n g  p e o p l e - - t h e i r  a t t i t u d e  t o w a r d  r e a l  p r o b l e m s ,  r a t h e r  t han  the  
c o n d i t i o n  of t h e i r  e n v i r o n m e n t .  S t r a n g e l y  enough,  E i n s t e i n  as  a y o u n g  
m a n  m a d e  h i s  b r i l l i a n t  d i s c o v e r i e s  about  s p e c i a l  r e l a t i v i t y ,  the  B r o w n -  
Jan m o v e m e n t s ,  and  the p h o t o e l e c t r i c  e f f ec t  not  in  a u n i v e r s i t y ,  not  
even  in a l a b o r a t o r y ,  but  in a G o v e r n m e n t  p a t e n t  o f f i c e .  Not o n l y  m u s t  
we b e a r  in m i n d  s o c i a l l y  tha t  s c i e n t i s t s  a r e  peop le ,  but i n d i v i d u a l l y  
tha t  e a c h  s c i e n t i s t  is  a p e r s o n - -  a p e r s o n t h a t  s e e s  v i s i o n s  a n d  l a t e r  
d r e a m s  d r e a m s .  He is  not  so  m u c h  a d o e r - - o r  e v e n  a k n o w e r - - h e  is  
t r u l y  a s e e r .  

S c i e n c e ,  i ndeed ,  i s  f u n d a m e n t a l l y  not  so  m u c h  a c o m m o n s e n s e  
r e s i d u e  f r o m  the  pas t ,  but  r a t h e r  a c h a l l e n g e  to the  c o m m o n s e n s e  of  
the  p r e s e n t .  P e r h a p s ,  a f a m i l i a r  i l l u s t r a t i o n  m a y  be  u se fu l .  H e r e  
is  a t r a i l e r  wi th  a c a n d l e  in  the  c e n t e r .  When the  c a n d l e  is  l i g h t e d ,  
w i l l  the  r a y s  of l igh t  r e a c h  the  f ron t  end  o r  the  b a c k  end of the  t r a i l e r  
f i r s t ?  It i s  obv ious  tha t  bo th  wi l l  t ake  p l a c e  at  the  s a m e  t i m e .  I f o r -  
got  to m e n t i o n ,  h o w e v e r ,  tha t  the t r a i l e r  is  m o v i n g  (unknown and  un-  
k n o w a b l e  to the  o c c u p a n t s ) ,  o r  is  it  the  e a r t h  tha t  i s  m o v i n g ?  To 
p e r s o n s  on the  o u t s i d e  i t  i s  e q u a l l y  obv ious  tha t  l igh t  wi l l  r e a c h  the  
b a c k  end ,of the t r a i l e r  b e f o r e  l igh t  a r r i v e s  at  the  f o r w a r d  end,  w h i c h  
a p p e a r s  to b e  m o v i n g  a w a y  f r o m  the  i n i t i a l  p o s i t i o n .  In o t h e r  w o r d s ,  
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to t h e s e  o b s e r v e r s ,  the  e v e n t s  a r e  not  s i m u l t a n e o u s .  The  on ly  knowl -  
edge  u s e d  in  m a k i n g  t h e s e  two c o n t r a r y  d e d u c t i o n s  is  the  e x p e r i m e n t a l  
fac t  tha t  the  v e l o c i t y  of l ight  is  the s a m e  for  a l l  o b s e r v e r s  r e g a r d l e s s  
of t h e i r  own s t a t e  of  m o t i o n .  Thus  the  c o m m o n s e n s e  c o n c e p t  of s i m -  
u l t ane i t y ,  w h i c h  s e e m s  g e n e r a l l y  i n t e l l i g i b l e  and s e l f - e v i d e n t  to us, is 
c h a l l e n g e d  by  s c i e n c e .  It shou ld  be  e m p h a s i z e d ,  h o w e v e r ,  tha t  the 
r e a l  c o n t r i b u t i o n  of E i n s t e i n  in th i s  i n s t a n c e  was  to c a l l  a t t e n t i o n  not 
to the doubt fu l  c o n c l u s i o n s  r e l a t i v e  to d i f f e r e n t  o b s e r v e r s ,  but  r a t h e r  
to the c e r t a i n t y  r e s u l t i n g  f r o m  that  w h i c h  is i n v a r i a n t  wi th  r e s p e c t  to 
a l l  o b s e r v e r s .  

A n o t h e r  c h a l l e n g e  t o  c o m m o n s e n s e  is  s e e n  in the  v e r y  n a t u r e  of 
e n e r g y .  H e r e  we f ind tha t  by e x e r c i s i n g  the d i s c i p l i n e  wi th  r e g a r d  
to l o g i c a l  c o n s i s t e n c y  we a r r i v e  aga in  at g r e a t e r  f r e e d o m  of thought .  
L e t  us t a k e  a n o t h e r  f a m i l i a r  e x a m p l e ,  say,  a s p a c e s h i p  h a v i n g  two 
r a d i o  e m i t t e r s  i n s i d e ,  one  at e a c h  end.  The  f i r s t  s t a t i o n  e m i t s  a r a d i o  
b e a m  c o n s i s t i n g  of e l e c t r o m a g n e t i c  r a d i a t i o n .  It is  known tha t  s u c h  
w a v e s  have  m o m e n t u m  g iven  by E / c ,  w h e r e  E is  the  e n e r g y  of the  
r a d i a t i o n  and c i t s  v e l o c i t y .  The  a c t i o n  on th i s  e m i t t e d  r a d i a t i o n  is  
a s s o c i a t e d  wi th  a r e a c t i o n  on the  s p a c e s h i p ,  wh ich  ob ta ins  an o p p o s i t e  
m o m e n t u m  g i v e n  by IV[v, w h e r e  M is  the  m a s s  of the  s p a c e s h i p  and 
v i t s  r e s u l t a n t  v e l o c i t y .  D u r i n g  the t i m e  tha t  the  r a d i a t i o n  t r a v e l s  the  
d i s t a n c e  1 f r o m  the  f i r s t  s t a t ion  to the s e c o n d  one,  w h e r e  it is  r e c e i v e d ,  
the  sh ip  wi l l  have  m o v e d  a d i s t a n c e  x, g iven  by vt .  T h e r e  is no a p p a r e n t  
r e a s o n  why the  two r a d i o  s t a t i o n s  canno t  then  be  i n t e r c h a n g e d  (in 
p r i n c i p l e ) ,  and  the  who le  p r o c e s s  r e p e a t e d  o v e r  and o v e r  aga in .  In 
th i s  e v e n t  the  s p a c e s h i p  would m o v e  on i n d e f i n i t e l y  in the s a m e  d i r e c -  
t i o n - - a  v i o l a t i o n ,  of c o u r s e ,  of the c o n s e r v a t i o n  of  e n e r g y .  In what  
r e s p e c t ,  then ,  have  we b e e n  t h e o r e t i c a l l y  i n c o n s i s t e n t  ? We have  not  
a s s o c i a t e d  any  m a s s  wi th  the r a d i a t i o n .  A c c o r d i n g l y ,  in i n t e r c h a n g -  
ing  the  s t a t i o n s  we have  f a i l e d  to p r e s e r v e  the  l o c a t i o n  of the  c e n t e r  
of  m a s s  of the  whole  s y s t e m .  In o t h e r  w o r d s ,  Mx m u s t  equa l  ml ,  
w h e r e  m is  the  m a s s  of  the  e m i t t e d  r a d i a t i o n .  F r o m  t h e s e  few r e -  
l a t i o n s  we f ind  r e a d i l y  tha t  the unknown m a s s  m of the  r a d i a t i o n  is  
e q u a l  to E / c  2. In th i s  s i m p l e  way we have  o b t a i n e d  an e x p r e s s i o n  f o r  
the  m a s s  e q u i v a l e n t  of  r a d i a t i o n  e n e r g y ;  and so we a r e  c o m p e l l e d  to 
t h i n k  of a t o m i c  ( m a s s )  e n e r g y ,  in add i t i on  to m e c h a n i c a l  e n e r g y ,  e l e c -  
t r i c a l  e n e r g y ,  t h e r m a l  e n e r g y ,  e t  al .  

P e r h a p s ,  the  g r e a t e s t  d a n g e r ,  h o w e v e r ,  tha t  e x i s t s  fo r  the  i n d i -  
v i d u a l  s c i e n t i s t  who hopes  to be f r e e  to s e e  s u c h  v i s i o n s ,  i s  the  po l -  
l u t ed  a t m o s p h e r e  of m a t e r i a l i s m .  To m a n y  peop le  s c i e n c e  has  b e c o m e  
s o c i a l l y  j u s t  a m a g i c  p h r a s e  fo r  n a t u r e  l i ke  "open  s e s a m e ,  " w h i c h  wi l l  



r e v e a l  m o n e y  for  m a n y  th ings  c l o s e  to the  h e a r t ' s  d e s i r e .  As a 
g r a d u a t e  s tuden t ,  I h e a r d  a c o l l e g e  p r e a c h e r  r e m i n d  the  s t u d e n t s  upon 
the  o c c a s i o n  of  a g r e a t  m o n e t a r y  gift  for  bu i ld ings  that  u n i v e r s i t i e s  
c o n s i s t  not  of t h ings ,  but, in the  m a i n ,  of i d e a s .  How sad  it i s  to s e e  
i n s i d e  m a n y  l a r g e  e d i f i c e s  wi th  m a g n i f i c e n t  e q u i p m e n t  the  obv ious  
i m p r i n t  "No m e n - - a t  work .  " A m o r e  d a n g e r o u s  p e r s o n a l  i n f l u e n o e  
is  the  s u b t l e ,  o f ten  s u b c o n s c i o u s  l u r e  of h i g h e r  s a l a r i e s ,  e x t r a  p r i v -  
i l e g e s ,  m o r e  power ,  which  m i g h t  even  be c a l l e d  p r o f e s s i o n a l  p a t r o n a g e  
in the  v u l g a r  s e n s e .  We a r e  e v e r  r e m i n d e d  that  "Man does  not l ive  by 
b r e a d  a l o n e ; "  that" 

" T h e  w o r l d  is  too m u c h  with us, l a t e  and soon,  
Ge t t ing  and spend ing ,  we l ay  was t e  ou r  p o w e r s ,  

1! L i t t l e  we s e e  in N a t u r e  that  is  o u r s .  

E i n s t e i n  r e m a r k e d  in h is  i n t r o d u c t i o n  to the 1931 r e p r i n t  of N e w t o n ' s  
Opt ic s ,  " F o r t u n a t e  Newton,  happy ch i l dhood  of s c i e n c e ,  he who has  
t i m e  and t r a n q u i l l i t y  can  by r e a d i n g  th is  book,  l i ve  aga in  the  w o n d e r -  
ful a d v a n t a g e s  which  the  g r e a t  Newton  e x p e r i e n c e d  in h is  young  day.  " 
T i m e  and t r a n q u i l l i t y ,  r a t h e r  than  m a t e r i a l  b e n e f i t s ,  t h e s e  a r e  the  
p r e r e q u i s i t e s  for  the i nd iv idua l  s c i e n t i s t  who w i s h e s  to u n d e r s t a n d  
the  w o r l d  about  us .  

Thus  I f ind m y s e l f  c o n c l u d i n g  that  s c i e n c e  i s  i n h e r e n t l y  i n d i v i d -  
u a l i s t i c  in i t s  o r ig in ,  but e s s e n t i a l l y  s o c i a l  in i t s  d e v e l o p m e n t .  B a s -  
i c a l l y ,  i t  i s  m a n m a d e  and h e n c e  a n t h r o p o m o r p h i c .  Le t  us c o n s i d e r ,  
t h e r e f o r e ,  what  s c i e n c e  i s .  

Sc i ence ,  I would  say,  is  s t r i c t l y  the  r e s u l t  of the  use  of  the  s c i -  
en t i f i c  m e t h o d ,  and the  s c i e n t i f i c  m e t h o d  is s i m p l y  the  i n s t r u m e n t  
u sed  by the  s c i e n t i s t .  The  a n s w e r  to the  ques t ion ,  what is  s c i e n c e ,  
is  g iven  b a s i c a l l y  in t e r m s  of the  s c i e n t i s t .  A r e l a t e d  ques t ion ,  of 
c o u r s e ,  which  we s h a l l  not be  d i s c u s s i n g  today,  i s  th i s  one,  "Who 
is  m a n ? "  

In s c i e n c e  we beg in  e x i s t e n t i a l l y  with s e n s e  i m p r e s s i o n s ,  which  
change  wi th  ou r  own i m p r e s s i o n i s t i c  ou t looks  and which  in t h e i r  
t o t a l i t y  c o n s t i t u t e  o b s e r v e d  fac t s .  To m a n y  n o n s c i e n t i s t s  s c i e n c e  
is  n o th ing  m o r e  than  a c o l l e c t i o n  of such  o b s e r v e d  f a c t s - - o r  at m o s t  
c o m b i n e d  wi th  s o m e  i n d u c t i v e  i n f e r e n c e s ,  as in t h e  e a r l y  p o s i t i v i s m  
of Augus t  Conte .  It was r e c o g n i z e d  l a t e r ,  h o w e v e r ,  that  a s c i e n t i s t  
jus t  d o e s n ' t  c o l l e c t  f ac t s  at r a n d o m  in the  t r a d i t i o n  of F r a n c i s  Bacon .  
Who, fo r  e x a m p l e ,  would no te  a l l  the  m o t i o n a l  a s p e c t s  of f l u t t e r i n g  
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l e a v e s  in  o r d e r  to a s c e r t a i n  the  g e n e r a l  l aws  of m o t i o n ?  On the  c o n -  
t r a r y ,  one  c a r e f u l l y  s e l e c t s  f ac t s  t o g e t h e r  wi th  t h e i r  r e l a t i o n s ,  wh ich  
c o n s t i t u t e  the  l a t e r  p o s i t i v i s m  of E r n s t  Mach.  It has  b e c o m e  e v i d e n t  
that  the  m o r e  popu l a r  o r  g e n e r a l  a l anguage ,  the  m o r e  e v e n  s i m p l e  
i n t e r p r e t a t i o n s  of f ac t s  r e 4 u i r e  s o m e  kind of s e m a n t i c s ,  o r  o p e r a t i o n a l  
r u l e s ,  as  a d v o c a t e d  by m o d e r n  l o g i c a l  p o s i t i v i s t s .  F o r  e x a m p l e ,  
what  do we m e a n  s c i e n t i f i c a l l y  by the  l eng th  of a b o d y ?  No m o r e  than  
the  a n s w e r  we got in m a k i n g  a m e a s u r e m e n t ,  e i t h e r  though t fu l ly  o r  
e x p e r i m e n t a l l y ,  in  a c e r t a i n  p r e s c r i b e d  m a n n e r  r e g a r d l e s s  of  any 
p r e c o n c e i v e d  c a t e g o r i e s  of knowledge  I We note  that  in  e a c h  c a s e  it  
i s  the  s c i e n t i s t  who c o l l e c t s ,  the  s c i e n t i s t  who s e l e c t s ,  the  s c i e n t i s t  
who o p e r a t e s .  

Any p e r s o n  hav ing  o b j e c t s  of d i f f e r e n t  s i z e s ,  s h a p e s  and c o l o r s  
wi l l  a t t e m p t  to s e p a r a t e  out t h o s e  tha t  a r e  a l ike  and, if  p o s s i b l e ,  to 
r e l a t e  t h o s e  that  a r e  d i f f e r e n t  into a s i n g l e  p a t t e r n .  So, too, the 
s c i e n t i s t  l ooks  fo r  r e l a t e d  f a c t o r s  a m i d  his  c o l l e c t i o n  of o b s e r v e d  
f ac t s .  In th i s  r e s p e c t ,  he m a y  be  gu ided  by the  c o g e n c y  of l o g i c a l  
c o n s i s t e n c y ,  o r  by  the  u r g e n c y  of s i m p l i c i t y  fo r  e c o n o m i c  o r  s o m e  
o t h e r  p u r p o s e f u l  c o n v e n i e n c e .  F o r  e x a m p l e ,  it i s  we l l  known tha t  
a d e s c r i p t i v e  c h a r a c t e r i s t i c  of a m a t e r i a l  i s  i t s  s p e c i f i c  g r a v i t y ,  tha t  
i s ,  the  we igh t  of a g iven  s a m p l e  r e l a t i v e  to the  weig, ht of an equa l  
v o l u m e  of w a t e r .  It i s  equa l ly  t r u e ,  h o w e v e r ,  that  the  s q u a r e  of  the  
s p e c i f i c  g r a v i t y  is  a l so  un ique ly  c h a r a c t e r i s t i c - - n o t  to m e n t i o n  the  
cube ,  e t c .  We p r e f e r  to u t i l i ze  s p e c i f i c  g r a v i t y  b e c a u s e  Of the  s i m p l i c -  
i ty  of i t s  f o r m .  H e r e  aga in  it i s  the  sc ie%tis t  who c h o o s e s  the  r e l a t i o n s .  

To the  t r a v e l e r  who has  gone  a long  v a r i o u s  r o a d s  and who has  
s e e n  m a n y  p l a c e s ,  it  i s  a lways  r e f r e s h i n g  to go up on a m o u n t a i n  top 
f r o m  which  h e  can  see~at  a g l a n c e  the  whole  s u r r o u n d i n g  r e g i o n  wi th  
i t s  n e t w o r k  of r o a d s .  ~o~_ too, the  s c i e n t i s t  i s  not  con ten t  wi th  the  
o b s e r v e d  f ac t s ,  o r  e v e n  wi th  the  r e l a t e d  f a c t o r s .  He looks  fo r  an  
o v e r a l l  v iew,  what  the  G r e e k s  c a l l e d  a t h e o r y  ( f r o m  the  s a m e  roo t  
w o r d  as t h e a t e r ) ;  s u c h  a t h e o r y  i s  n e c e s s a r i l y  f ac t i t i ous  in tha t  i t  i s  

i n s p i r e d  in  the  s c i e n t i s t  by c o m p e l l i n g  beau ty  o r  by i n g r a i n e d  t r u t h  
( b a s e d  on a n a l o g i e s  wi th  c o m m o n s e n s e ) ,  o r  m e r e l y - b y  the  h e u r i s t i c  
v a l u e  of  p r a g m a t i s m .  Not e v e r y o n e  cou ld  o r  would  o r  should  be an 
E i n s t e i n ,  a Bohr ,  et  al .  Max B o r n  c o n c l u d e s  h i s  " N a t u r a l  P h i l o s o p h y  
of C a u s e  and C h a n c e "  wi th  the  r e m a r k  " F a i t h ,  i m a g i n a t i o n ,  i n t u i t i o n  
a r e  d e c i s i v e  f a c t o r s  in the  p r o g r e s s  of s c i e n c e  as in any o t h e r  a c t i v i t y .  
T h e  s c i e n t i s t  i s  t r u l y  a m a k e r ,  o r  to use  the  G r e e k  word ,  a poe t .  In 
a s t r i c t  s e n s e  the  s c i e n t i s t  s t r i v e s  to a c h i e v e  a p o e t i c a l  v iew;  h is  
f o r m a l  r e l a t i o n s  a r e  f r e e l y  c r e a t i v e ,  as P o i n c a r e  has  e m p h a s i z e d .  
H e n c e  the  s c i e n t i s t  h i m s e l f  p l ays  a m a j o r  r o l e  in the  d e v e l o p m e n t  of 
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t h e o r y .  He can  n e v e r  be  c o m p l e t e l y  e l i m i u a t e d .  T h e  s t u d i e d  a t t e m p t  
to e l i m i n a t e  the  s u b j e c t  for  g r e a t e r  o b j e c t i v i t y  f i na l l y  b e c o m e s  only  
i n c r e a s i n g l y  m o r e  s u b j e c t i v e .  

E v e r y  s c i e n t i s t  ha s  a q u e s t i o n  in m i n d  as  he  looks  ou t  upon the  
w o r l d  about  h i m .  The  o b s e r v e d  fac t s  a r e  i t s  a n s w e r s .  F r o m  t h e m  
he ob t a in s  r e l a t e d  f a c t o r s .  F r o m  both  he m a k e s  a f a c t i t i o u s  t h e o r y ,  
w h i c h  e n a b l e s  h i m  to s e e  f a r t h e r  and w i d e r  so  tha t  n e w  q u e s t i o n s  
a r i s e  in h i s  m i n d  as he aga in  looks  out upon the  w o r l d  about  h i m .  
T h e  n e w  a n s w e r s  a r e  in the  f o r m  of a d d i t i o n a l  o b s e r v e d  f a c t s .  The  
c y c l e  wi l l  be  c o n t i n u a l l y  r e p e a t e d ,  a l t hough  4ts c o m p l e t e n e s s  wi l l  
e v e r  d e p e n d  upon the  : c o n t r o l l a b i l i t y  of the  m a t e r i a l .  F o r  e x a m p l e ,  
o b s e r v e d  f a c t s  m a y  be  d i f f i cu l t  to i s o l a t e  as  in s e l f - i n v o l v i n g  s o c i a l  
p h e n o m e n a ;  o r  a f a c t i t i o u s  t h e o r y  m a y  be  d i f f i cu l t  to a c h i e v e  as  in 
the  o m n i p r e s e n t  o b s e r v a t i d n a l  e a r t h  s c i e n c e s .  In any c a s e  the  c y c l e  
r e p r e s e n t s  a s i n g l e  i n s t r u m e n t  in the hands  of an  i n s t r u m e n t  m a k e r .  

In the  u s e  of the  s c i e n t i f i c  m e t h o d ,  h o w e v e r ,  t h e r e  a r e  two n e c -  
e s s a r y  c o n d i t i o n s .  T h e  f i r s t  one  is  c o n f o r m i t y  to n a t u r e ,  w h i c h  is  
b a s e d  upon the a s s u m p t i o n  of the  u n i f o r m i t y  of n a t u r e .  In o t h e r  w o r d s ,  
at a l l t i m e s  p r e d i c t e d  c o n c l u s i o n s  m u s t  c h e c k  wi th  o b s e r v e d  da t a .  

The  s e c o n d  c o n d i t i o n  is  a c c e p t a b i l i t y  by s o c i e t y ,  wh ich  is  b a s e d  
upon the  a s s u m p t i o n  of h u m a n  c o m p r e h e n s i b i l i t y  of n a t u r e .  E i n s t e i n  
o n c e  s a i d  tha t  t o  h i m  the  m o s t  i n c o m p r e h e n s i b l e  f e a t u r e  of n a t u r e  is  
i ts  c o m p r e h e n J s i b i l i t y .  The  s c i e n t i s t ' s  u n d e r s t a n d i n g ,  h i s  r e a s o n s  
fo r  a c c e p t i n g  c e r t a i n  g e n e r a l  p r i n c i p l e s ,  d e p e n d s  on h is  own p e r s o n -  
a l i t y  as  we l l  as  the s o c i a l  c l a s s ,  the  p o l i t i c a l  g roup ,  the r e l i g i o u s  
fa i th ,  et  al ,  to wh ich  he a d h e r e s .  In a s t r i c t  s e n s e  s u c h  f a c t o r s  a r e  
i n c l u d e d  in the  s o c i o l o g y  of s c i e n c e .  In the  c e l e b r a t e d  c a s e  of G a l i l e o ,  
we no te ,  the  R o m a n  C a t h o l i c  C h u r c h  o p p o s e d  the  p h i l o s o p h i c a l l y  f a v o r e d  
p o s i t i o n  of  the sun .  (One w o n d e r s  what  i n f l u e n c e  th i s  s o c i a l  p r o b l e m  
m a y  have  had  l a t e r  in the 18th c e n t u r y ,  wh ich  s a w  s c i e n c e  in a d o r -  
m a n t  s t a t e  bo th  fo r  the  Ca tho l i c  I t a ly  of G a l i l e o  and fo r  the  P r o t e s -  
t an t  G e r m a n y  of K e p l e r ,  wh ich  was undoub ted ly  i n f l u e n c e d  by  the  
a n t i r a t l o n a l  a t t i t ude  of L u t h e r . )  In o u r  own day  we found N a z i  l e a d -  
e r s ,  wi th  the  p h y s i c i s t  J o h a n n e s  S t a r k  as  t h e i r  s p o k e s m a n ,  v o i c i n g  
s i m i l a r  o p p o s i t i o n  to the  l a c k  of f a v o r e d  o b s e r v e r s  f r o m  the  r e l a -  
t i v i s t i c  po in t  of  v i e w .  T h e y  w e r e  o p p o s e d  a l s o  to the  c o n c e p t  of m a t e -  
r i a l i s t i c  c l o c k s  fo r  t i m e  d e t e r m i n a t i o n ,  wh ich  s e e m e d  i r r e c o n c i l a b l e  
wi th  t h e i r  own i d e a l i s t i c  p o s i t i o n .  On the o t h e r  hand,  in  the  U. S. S. 1%. 
a l s o  t h e r e  has  b e e n  o f f i c i a l  o p p o s i t i o n  to the  r e l a t i v i t y  t h e o r y ,  but  in 
th i s  i n s t a n c e  b e c a u s e  of a s u p p o s e d l y  i d e a l i s t i c  v i e w  of m a t e r i a l  m a s s  
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a s  e n e r g y .  ( C a n  i t  b e  a l t o g e t h e r  a c c i d e n t a l  t h a t  t h e  u s e  o f  a t o m i c  
e n e r g y  w a s  f i r s t  d e v e l o p e d  in  E n g l i s h - s p e a k i n g  c o u n t r i e s  ?)  T h e  s o c i a l  
a c c e p t a b i l i t y  o f  s c i e n c e  i s  i n t r i n s i c a l l y  i n v o l v e d  in  t h e  p h i l o s o p h y  o f  
s c i e n c e ,  a g a i n  i m p r e s s i n g  us  w i t h  t h e  f a c t  t h a t  in  a l l  s c i e n c e  t h e r e  
i s  i n d e l i b l y  i m p r i n t e d  s o m e t h i n g  of  t h e  s c i e n t i s t  h i m s e l f .  

A s  we  look a b o u t  us ,  we  a r e  a w a r e  o f  p h e n o m e n a ,  a p p e a r a n c e s  
t h a t  p l a y  l i k e  P l a t o ' s  s h a d o w s  in  h i s  u n d e r g r o u n d  d e n .  I t  i s  u p o n  t h e  
f o u n d a t i o n  o f  t h e  t o t a l i t y  o f  t h e s e  s e n s e  i m p r e s s i o n s ,  o f  c o u r s e ,  t h a t  
o n e  c o n s t r u c t s  t h e  w o r l d  o f  s c i e n c e .  H e r e ,  h o w e v e r ,  i s  a l w a y s  a n  
e l e m e n t  o f  s u r p r i s e - - t h e  t h e o r i e s  a r e  n e v e r  m e r e l y  d e s c r i p t i v e  o f  
w h a t  i s  k n o w n ;  in  a d d i t i o n ,  t h e y  a r e  p r e d i c t i v e  o f  w h a t  i s  u n k n o w n - -  
p r o b a b l y  d u e  to  t h e  f a c t  t h a t  a t h i n g  i t s e l f  i s  a l w a y s  g r e a t e r  t h a n  a n y  
e x p e r i e n t i a l  i m p r e s s i o n s  and ,  e v e n  m o r e  so ,  t h a n  a n y  s y m b o l i c  e x -  
p r e s s i o n s  o f  i t .  T h a t  t h e r e  i s  a w o r l d  o f  n a t u r e  b e y o n d  s e n s e  i m p r e s -  
s i o n s  g a i n s  c r e d e n c e  a s  a p h i l o s o p h y  o f  n a t u r e  e x t r a s c i e n t i f i c  ( m e t a -  
p h y s i c a l )  i n  c h a r a c t e r .  T h u s ,  we  f i n d  M a x  P l a n c k  i n s i s t i n g  u p o n  t h e  
e x i s t e n c e  o f  t h r e e  w o r l d s - - t h e  w o r l d  o f  s e n s e  i m p r e s s i o n s ,  t h e  w o r l d  
o f  s c i e n c e ,  a n d  t h e  r e a l  w o r l d ,  a s  h e  c a l l s  i t .  He  s a y s  " P h y s i c a l  
s c i e n c e  d e m a n d s  t h a t  we  a d m i t  t h e  e x i s t e n c e  o f  a r e a l  w o r l d  i n d e p e n d -  
e n t  f r o m  u s " - - a c t u a l l y ,  an  a s s u m p t i o n .  

A s  f a r  a s  I c a n  s e e ,  t h e  d a t a  o f  s e n s e  i m p r e s s i o n s  f o r m  a c o n t a c t  
s u r f a c e  o f  p h e n o m e n a ,  i n  w h i c h  I a m  e x i s t e n t i a l l y  i n v o l v e d ,  b e t w e e n  
t w o  p o s s i b l e  w o r l d s ,  t h e  w o r l d  o f  n a t u r e  and  t h e  w o r l d  o f  s c i e n c e .  
W h a t  r e l a t i o n s h i p ,  t h e n ,  i f  a n y ,  e x i s t s  b e t w e e n  t h e s e  two  w o r l d s  ? I s  
n a t u r e  p o s s i b l y  n o n e x i s t e n t  ? I s  s c i e n c e ,  p e r h a p s ,  p u r e l y  f i c t i o n a l ?  
I s  s c i e n c e  m e r e l y  t h e  i m p e r f e c t  r e f l e c t i o n ,  o r  i m p e r f e c t  i m a g e  o f  
n a t u r e  m a d e  in  t h e  r a t i o n a l  i m a g e  of  m a n ?  A r e  t h e s e  two  w o r l d s  
p o s s i b l y  i d e n t i c a l ?  Is  s c i e n c e  a r e c o n s t r u c t i o n  of  t h e  w o r l d  o f  n a t u r e  ? 

T h e r e  a r e  v a r i o u s  v i e w s  a s  to  h o w  t h e  w o r l d  o f  s c i e n c e  m a y  b e  
r e l a t e d  to  t h e  w o r l d  o f  n a t u r e .  P .  D u h e m  u r g e d  " T o  t h e  e x t e n t  t h a t  
p h y s i c a l  t h e o r y  m a k e s  p r o g r e s s ,  i t  b e c o m e s  m o r e  a n d  m o r e  s i m i l a r  to  
a n a t u r a l  c l a s s i f i c a t i o n  w h i c h  i s  i t s  i d e a l  e n d .  " A.  A.  M i c h e l s o n  o n c e  
s u g g e s t e d  t h a t  " T h e  m o r e  a r t i s t i c  t h e  s t a t e m e n t  o f  a p r o b l e m  in  s c i e n c e ,  
t h e  r i c h e r  t h e  c h a n c e  o f  p r e s e n t i n g  t h e  t r u t h .  " We a r e  r e m i n d e d  h e r e  
o f  K e n t ' s  c r e e d  t h a t  " T r u t h  i s  b e a u t y .  " P .  B r i d g m a n ,  h o w e v e r ,  c a u -  
t i o n s  u s  t h a t  " T h e  k n o w n  l a w s  o f  n a t u r e  a r e  s i m p l e  i f  we c o n s i d e r  o n l y  
a l i m i t e d  r a n g e  o f  f a c t s .  " H e n c e  we  m u s t  a l w a y s  b e  a w a r e  o f  l i m i t a -  
t i o n s  o f  s c i e n t i f i c  d a t a ,  w h i c h  a r e  n e c e s s a r i l y  i n c o m p l e t e  a n d  i m p e r -  
f e c t l y  d e s c r i b e d  b y  m a n .  We m u s t  be  c o n s c i o u s  a l s o  t h a t  t h e  w o r l d  
o f  s c i e n c e ,  in  t u r n ,  i s  n e c e s s a r i l y  i n c o m p l e t e  a s  a d e s c r i p t i o n  e v e n  
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of the  s e n s e  i m p r e s s i o n s ,  not to m e n t i o n  as  a d e s c r i p t i o n  of  t h e i r  
m a t r i x ;  at  b e s t  it r e p r e s e n t s  on ly  an i n c o m p l e t e  and i m p e r f e c t  t h e o r e t -  
i c a l  ou t look .  U n i q u e n e s s ,  of c o u r s e ,  is  a l w a y s  wan t ing .  It wou ld  
s e e m  un l ike ly ,  t h e r e f o r e ,  tha t  a o n e - t o - o n e  c o r r e s p o n d e n c e  wou ld  
e x i s t  at a n y t i m e  b e t w e e n  the  w o r l d  of n a t u r e ,  i nvo lv ing  the s e n s e -  
da t a  p l ane ,  and the  w o r l d  of s c i e n c e ,  i nvo lv ing  tha t  s a m e  p l a n e .  One 
would  h a r d l y  be j u s t i f i e d ,  I b e l i e v e ,  in any e x t r a p o l a t i o n  l i ke  tha t  of  
P .  J o r d a n  in  h i s  " S c i e n c e  and the  C o u r s e  of H i s t o r y ,  " v i z . ,  " T h e  
d i s c o v e r y  of n e w  l aws  of a t o m i c  p h y s i c s  has  s h o w n  the  o ld  m a t e r i a l -  
i s t i c  v i e w  to be  u n t e n a b l e  e v e n  in the  f i e ld  of p h y s i c s .  " The  n e c e s s a r y  
c o n d i t i o n s  of c o n f o r m i t y  to n a t u r e  and of a c c e p t a b i l i t y  by m a n ,  m o r e -  
o v e r ,  m a y  be  r e l a t e d  to the  p h i l o s o p h y  of n a t u r e  as  a gu id ing  fa i th .  
To m e  the  c u m u l a t i v e  and  i n t e g r a t i v e  d e v e l o p m e n t  of s c i e n t i f i c  t h e o r i e s ,  
l e a d i n g  to m o r e  i n c l u s i v e  d e s c r i p t i o n  and e v e r  s u r p r i s i n g  p r e d i c t i o n ,  
po in t s  m o r e  and m o r e  to a p r o b a b l e  w o r l d  of  n a t u r e ,  w h i c h  m a y  be  
s u s c e p t i b l e  of m e t a p h y s i c a l  i n t e r p r e t a t i o n s ,  s u c h  as  the t h e o l o g i c a l  
p r e m i s e  "In  the  b e g i n n i n g  G o d ! "  We shou ld  n e v e r  d o g m a t i c a l l y  e x c l u d e  
E i n s t e i n ' s  " F a i t h  in the  p o s s i b i l i t y  tha t  the  r e g u l a t i o n s  v a l i d  fo r  the  
w o r l d  of  e x i s t e n c e  a r e  r a t i o n a l .  " 

U n f o r t u n a t e l y  t h e r e  is  a w i d e n i n g  gap b e t w e e n  any  p h i l o s o p h y  of 
s c i e n c e ,  a p p r o a c h e d  f r o m  the  s t andpo in t  of s c i e n c e ,  and any  p h i l o s -  
ophy  of n a t u r e ,  a p p r o a c h e d  f r o m  the  s t a n d p o i n t  of p h i l o s o p h y  p e r  s e .  
Yet  t h e r e  c a n  be  no s h a r p  l i ne  of d e m a r c a t i o n ;  fo r  the  s c i e n t i s t  h i m -  
s e l f  i s  the  l ink .  As m a n  looks  at the  e n v i r o n m e n t  about  h im  f r o m  the  
d i f f e r e n t  po in t s  of v i e w  of p h y s i c a l ,  b i o l o g i c a l ,  p s y c h o l o g i c a l ,  and  
s o c i o l o g i c a l  s c i e n c e s ,  it  i s  a l w a y s  he h i m s e l f  who is  v i e w i n g .  I n v a -  
r i a b l y ,  I r o m  any  v i e w p o i n t  he  p o n d e r s  t h r e e  q u e s t i o n s - - W h a t  i s  t r u e ?  
What  is  r e a l ?  What  i s  v a l u e ?  The  a t t e m p t  to ob ta in  a n s w e r s  to t h e s e  
q u e s t i o n s  in any  d i s c i p l i n e  m a y  p r o p e r l y  be  c a l l e d  the  p h i l o s o p h y  of 
tha t  d i s c i p l i n e .  To s e e k  c o m m o n  a n s w e r s  to t h e s e  c o m m o n  q u e s t i o n s  
is  g e n e r a l  p h i l o s o p h y .  The  a t t i t ude  m a y  be  tha t  of an a g n o s t i c ,  o r  of 
a s k e p t i c ,  o r  of a m a n  of f a i th .  No c o m p e l l i n g  e v i d e n c e  wi l l  be  a g r e e d  
upon by a l l  v i e w e r s .  B e c a u s e  of  i n e v i t a b l e  i n c o m p l e t e n e s s  the  s a m e  
se t  of o b s e r v e d  f a c t s  m a y  be  s e e n  in d i f f e r e n t  w a y s - - a s  a cube  m a y  
be  v i s u a l i z e d  on a f la t  s u r f a c e ,  o r  as  a l i m i t e d  o u t l o o k  of whi te  c l o u d s  
in  a b lue  sky  m a y  be i n t e r p r e t e d  as  wh i t e  c a p s  on a b lue  s e a .  

As f a r  as  I c an  s e e ,  t h e r e  is  no w a y  of d e m o n s t r a t i n g  ju s t  what  i s  
p r e c i s e l y  t r u e  and j u s t  what  i s  p r e c i s e l y  f a l s e ;  f o r  t h e r e  a r e  no g e n e r a l  
c r i t e r i a  fo r  t r u t h .  The  c h o i c e  fo r  e a c h  of us m a y  be  d e t e r m i n e d  by 
u n c o n d i t i o n a l  i m p e r a t i v e s  l i ke  l o y a l t y  to a h u m a n  c a u s e ,  l i ke  love  to 
a h u m a n  p a r t n e r ,  l i ke  o b e d i e n c e  to a d iv ine  wi l l ,  e t  a l . ,  o r  m e r e l y  by 
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u n c o n d i t i o n a l  r e c o g n i t i o n  of o t h e r  people as i n d i v i d u a l  p e r s o n s .  What  
m u s t  be  a d m i t t e d  by a l l  is  tha t  c i v i l i z a t i o n  is the  p r o d u c t  not  of the  
p e s s i m i s m  of a g n o s t i c s ,  and of s k e p t i c s ,  but of the o p t i m i s m  of m e n  
of fa i th .  E n t h u s i a s t i c  m e n  have  v a r i e d  as  to what  t hey  have  b e l i e v e d ,  
but  t h e y  have  a l l  b e l i e v e d  e i t h e r  in s o m e  thing,  o r  in s o m e  one .  Some  
have  b e l i e v e d  tha t  a n s w e r s  to the  t h r e e  q u e s t i o n s  can  be  o b t a i n e d  f r o m  
o n e ' s  e n v i r o n m e n t  ( m a t e r i a l i s m ) ;  o t h e r s ,  f r o m  m e n  ( h u m a n i s m ) ;  s t i l l  
o t h e r s ,  f r o m  God ( t h e i s m ) .  U n f o r t u n a t e l y ,  whi le  a m a n  c o n s i d e r s  
l e i s u r e l y  how to m a k e  up h is  m i n d ,  he m a y  a l r e a d y  be  v i r t u a l l y  m a k -  
ing up h i s  l i fe .  T h r e e  p r a c t i c a l  d e c i s i o n s  a re~open  to e v e r y  m a n .  He 
m a y  r e f u s e  to c o n s i d e r  the  m a t t e r  and t h e r e b y  fix h is  i g n o r a n c e ;  o r  
he  m a y  p u r g e  h is  b e l i e f s  and thus  l e a v e  a v a c u u m  fo r  c h a n c e  f i l l i ng  
in; o r  he m a y  c l a r i f y  a l l  a s p e c t s  and then  m a k e  an i n t e l l i g e n t  ( f r o m  
the  L a t i n  w o r d s  i n t e r  l e g e r e  m e a n i n g  to c h o o s e  among)  c h o i c e .  We 
no t e  tha t  d e t a c h m e n t  is i t s e l f  a c h o i c e .  

What t hen  s h a l l  we do about  the  o r i g i n a l  q u e s t i o n .  Is  s c i e n c e  
i n h e r e n t l y  i n d i v i d u a l i s t i c ,  o r  e s s e n t i a l l y  s o c i a l ?  Dr .  Conan t ,  I b e l i e v e ,  
g i v e s  us a c l u e  when  he  s a y s  " S c i e n c e  shou ld  be  r e l e v a n t  to m a n .  " 
In o t h e r  w o r d s ,  as  m e n ,  w e : c a n n o t  have  s c i e n c e  for  the s a k e  of s c i e n c e  
any  m o r e  than  we can  h a v e  a r t  f o r  the s ake  of a r t .  We m u s t  have  
s c i e n c e  and a r t  f o r  the  s a k e  of m a n .  S c i e n c e  is bo th  an end  fo r  m a n  
and a m e a n s  fo r  s o c i e t y .  The  b e s t  r e s u l t s  wi l l  be  ob t a ined ,  of c o u r s e ,  
if  t h e i r  i n t e r r e l a t i o n s  a r e  u n d e r s t o o d .  F r e e d o m  for  the i nd iv idua l ,  
I would  u r g e ,  s h o u l d  be  l i s t e d  f i r s t .  Man is  t r u l y  a s o c i a l  be ing ;  but  
f i r s t  of a l l ,  a m a n  is  a c t u a l l y  a m a n .  

As I t h ink  of m a n  and  s c i e n c e ,  I f ind a p a r a b l e  in the a p o t h e o s i s  
of  F a u s t ,  as  s e t  f o r t h  in the  p o e t i c a l ,  p h i l o s o p h i c a l  a u t o b i o g r a p h y  of 
Goe the :  The  t h e m e  t h e r e  s e e m s  to be  tha t  he who s t r i v e s ,  s t r a y s ,  

y e t  in tha t  s t r a y i n g  f inds  h is  s a l v a t i o n .  At t h e  b e g i n n i n g  F a u s t  f lou t s  
s c i e n c e .  He t r i e s  v a i n l y  to m a k e  m a n  m a s t e r  of h i s  e n v i r o n m e n t .  
M e p h i s t o p h e l e s  t a u n t s  F a u s t  with h is  d e m a n d  fo r  e v e r y t h i n g ,  h is  
s a t i s f a c t i o n  with  no th ing .  He w a g e r s  tha t  F a u s t  wi l l  one day  d e m a n d  
no th ing ,  but  wi l l  be  s a t i s f i e d  wi th  w h a t e v e r  c h a n c e  t h r o w s  his  way.  
In the  l a s t s c e n e  we w a t c h  e x p e c t a n t l y  the  1 0 0 - y e a r  old F a u s t  l o o k i n g  
upon the  s and  dunes  a long  a s h o r e  m a r k e d  wi th  e n g i n e e r i n g  f e a t s  of 
d y k e s  and c a n a l s - - a  p o l i t i c a l  e n t e r p r i s e  in %vhich peop l e  s t r i v e  d a i l y  to 
m a k e  b u t t r e s s e s  a g a i n s t  the  e v e r - s u r g i n g  s e a .  F a u s t  m u s e s  o n  f u t u r e  
g e n e r a t i o n s  l i v ing  and l a b o r i n g  in th is  w h o l e s o m e  d a n g e r .  He m u t t e r s  
" V e r w e i l e  dech ,  du b i s t  so schon ,  " ( s tay ,  thou a r t  so f a i r ) - - a l m o s t  
the  v e r y  w o r d s  of the  o r i g i n a l  w a g e r .  Yet  even  h e r e  F a u s t  is  m a i n -  
t a i n i n g  his  e n t h u s i a s m  fo r  a d i f f icu l t ,  but  e n d l e s s  l ife:  
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"The noble spirit now is free 
And saved from evil scheming! 
Whoever aspires unweariedly 
Is not beyond redeeming. " 

Q U E S T I O N :  I a m  m o r e  c u r i o u s  a s  t o  w h e r e  y o u  p r o p o s e  to  h a v e  
t h e  b a s i c  r e s e a r c h  d o n e  t h a n  in  w h a t  b a s i c  r e s e a r c h  i s .  

DR. SEEGER: H o w  c a n  I k n o w  w h e r e  to  do  i t  i f  I d o n ' t  k n o w  w h a t  
i t  i s  ? S h a l l  I a n s w e r  t h a t  q u e s t i o n ?  L e t  u s  l e a v e  o u t  w h a t  b a s i c  r e -  
s e a r c h  i s  f o r  t h e  m o m e n t .  No,  I c a n ' t  l e a v e  i t  o u t .  I h a v e  to  t e l l  y o u .  

L e t  m e  s a y  t h i s :  I t h i n k  t h a t  t h e r e  a r e  d i f f e r e n t  l e v e l s  o f  u n d e r -  
s t a n d i n g .  I t h i n k  u s u a l l y  w h e n  we  u s e  t h e  t e r m  " b a s i c  r e s e a r c h ,  " w e  
s a y  we  r e a l l y  w a n t  to  u n d e r s t a n d  a c e r t a i n  p h e n o m e n o n .  I w a n t  to  
s u g g e s t  t h a t  t h e r e  a r e  d i f f e r e n t  l e v e l s .  T h e  N a t i o n a l  S c i e n c e  F o u n -  
d a t i o n  d e a l s  w i t h  e n g i n e e r i n g  s c i e n c e .  I t  w a s  a g a i n  D r .  P r i o r i  w h o  
s a i d  t h e r e  w a s  n o  s u c h  t h i n g  a s  b a s i c  r e s e a r c h  in  e n g i n e e r i n g .  A s  
a m a t t e r  o f  f a c t ,  m y  f r i e n d  G a m o w  s a i d  t h e r e  w a s n ' t  a n y  b a s i c  r e -  
s e a r c h  i n  p h y s i c s  e x c e p t  w h a t  h e  w a s  d o i n g .  I t  i s  a l w a y s  t h a t  w a y .  
W h a t  I a m  d o i n g  i s  b a s i c  r e s e a r c h ;  w h a t  t h e  o t h e r  f e l l o w  i s  d o i n g  t s  
n o t .  

T a k e  t h e  a t o m i c  b o m b .  I n  o r d e r  to  u s e  t h e  a t o m i c  b o m b ,  f i r s t  
o f  a l l ,  w e  m u s t  h a v e  s o m e  m a t e r i a l s  to  u s e ;  we  h a v e  to  k n o w  s o m e -  
t h i n g  a b o u t  t h e  m a t e r i a l s ;  we  m u s t  h a v e  s o m e  u n d e r s t a n d i n g  o f  t h e  
p h y s i c a l  a n d  c h e m i c a l  c o n d i t i o n s .  We m u s t  k n o w  h o w  e l e c t r o n s  
b e h a v e  w i t h i n  n a t u r e .  In  o r d e r  to  k n o w  t h a t ,  we  h a v e  to  k n o w  h o w  
th .ey r u n  a r o u n d  b e t w e e n  a t o m s  a n d  i o n s .  W h a t  i s  a n  a t o m ?  O r  e v e n  
w h a t  i s  i n s i d e  a n  a t o m .  T h e n  w e  g e t  t o  t h e  n u c l e u s ,  a n d  i n s i d e  t h e  
n u c l e u s .  I w o u l d  s a y  a l l  t h e s e  a r e  b a s i c ,  b e g i n n i n g  up h e r e  a n d  e n d -  
i n g  d o w n  h e r e ,  b a s i c  to  t h e  u n d e r s t a n d i n g  o f  t h e  l e v e l  r i g h t  a b o v e .  
So I w o u l d  s a y  b a s i c  r e s e a r c h  i s  a w i d e  s p e c t r u m  c o v e r i n g  m a n y  
t h i n g s .  

S p e c i f i c a l l y  a s  to y o u r  q u e s t i o n ,  w h e r e  y o u  w o u l d  do  i t ,  o b v i o u s l y  
t h r e e  p l a c e s  a r e  a v a i l a b l e ,  f i l l  t h r e e  o f  t h e m  in  t h e  n a m e  o f  t h i s  
i n s t i t u t i o n ,  t h e  I n d u s t r i a l  C o l l e g e  o f  t h e  A r m e d  F o r c e s .  I n  o t h e r  
w o r d s ,  i f  y o u  a s k  w h e r e ,  I w i l l  s a y  y o u  c a n  do  i t  a t  t h e  u n i v e r s i t y ;  
y o u  c a n  do i t  i n  i n d u s t r y ;  a n d  y o u  c a n  do  i t  i n  G o v e r n m e n t ;  a n d  h e r e ,  
y o u  c a n  do  i t  a l l  i n  o n e .  
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Now I would  l i ke  to m a k e  a coup le  c a t e g o r i c a l  r e m a r k s .  I b e l i e v e  
good b a s i c  r e s e a r c h  at a l l  l e v e l s  can  be  done and has  b e e n  done  at a l l  
t h e s e  p l a c e s .  It d i s t u r b s  you  when  y o u  r e a l i z e  tha t  to f ind  v a l i d i t y ,  
it  m u s t  b e  done a r o u n d  the '  u n i v e r s i t y .  Yet  Be l l  T e l e p h o n e  did w o r k  
on r a d a r  and a g r e a t  d e a l  of SAC w o r k  on NRL a i r c r a f t .  NACA ou t -  
f i t s  d id  good a p p l i e d  r e s e a r c h  d u r i n g  the  w a r .  So I t h ink  tha t  a l l  
r e s e a r c h  of th i s  k i n d  c a n  be  done at a l l  l e v e l s .  I would  a l so  s a y  tha t  
I b e l i e v e  ~11 t h e s e  m u s t  be  done  a t  a n y o n e  t i m e b e c a u s e  of the  un i ty  
of n a t u r e  and the  un i ty  of s c i e n c e .  

I t h ink  in the  f u t u r e  we  a r e  go ing  to be  m o r e  u n d e r s t a n d i n g  of 
what  is  an i r o n  c u r t a i n ,  tha t  we m u s t  have  s o m e  kind of good c o m m u -  
n i c a t i o n .  I would  l i ke  to h a v e  a m a n  on m y  staff ,  no m a t t e r  what  I 
a m  doing,  who i s  f a m i l i a r  wi th  e a c h  of t h e s e  d i f f e r e n t  f i e ld s ,  in uni -  
v e r s i t y  r e s e a r c h ,  in t e a c h i n g ,  in i n d u s t r y ,  in o t h e r  w o r d s ,  w h e t h e r  
I a m  i n t e r e s t e d  in i n d u s t r i a l  a p p l i c a t i o n ,  wh ich  has  the  p r o f i t  m o t i v e ,  
o r  in G o v e r n m e n t ,  wh ich  is  s o m e t h i n g  e l s e .  

I r e m e m b e r  s o m e  y e a r s  ago s p e a k i n g  to s o m e  p e o p l e  at  du Pon t .  
T h e r e  w e r e  p e o p l e  t h e r e  wi th  Ph .  D. 's who w e r e  w o r k i n g  on a p p l i e d  
r e s e a r c h .  I s a i d ,  " D o n ' t  t h e y  ju s t  want  to do b a s i c  r e s e a r c h  of the  
p u r e s t  k ind  wi thou t  any  r e f e r e n c e  to m i l i t a r y  a p p l i c a t i o n s  o r  any  
k ind  of a p p l i c a t i o n s  7"  T h e y  sa id ,  "Yes ,  t hey  do. " I s a id ,  "What  
do you  d o ? "  T h e y  sa id ,  "We le t  t h e m  do it .  But at the  end o f a y e a r  
t h e y  n o t i c e  tha t  p r o m o t i o n s  and b e t t e r  pay  a r e  go ing  to p e o p l e  do ing  
a p p l i e d  r e s e a r c h .  " T h a t ' s  a s o c i a l  p h e n o m e n o n .  T h e y  a l w a y s  say ,  
" L e t  us do a p p l i e d  r e s e a r c h .  " I t h ink  th i s  is  the  th ing  we have  to 
w o r r y  about .  

What  I a m  s a y i n g  is I think the  u n i v e r s i t y  has  the  p r i m a r y  job of 
t e a c h i n g  r e s e a r c h ;  i n d u s t r y  has  the  p r i m a r y  p r a c t i c a l  job;  tha t  the  
G o v e r n m e n t  p r o b a b l y  h a s  to c o m e  in.  

I know a lot  of p e o p l e  a r e  o p p o s e d  to the G o v e r n m e n t  l a b o r a t o r y .  
I t h i n k  tha t  is  a lot  of n o n s e n s e ,  f r a n k l y ,  b e c a u s e  a lot  of good has  
c o m e  out  of  G o v e r n m e n t  l a b o r a t o r i e s .  As  a m a t t e r  of fac t ,  I t h i n k  
it i s  r e a l l y  qu i te  a d i f f e r e n t  s o c i a l  p r o b l e m  tha t  we a r e  c o n c e r n e d  wi th  
h e r e ,  w h i c h  I wi l l  m e n t i o n  in ju s t  a m o m e n t .  

T h e r e  a r e  so m a n y  d i f f e r e n t  f i e l d s  tha t  G o v e r n m e n t  has  to w o r r y  
about .  F o r  e x a m p l e ,  c e r t a i n  p h y s i c a l  p r o p e r t i e s .  I was  a m a z e d  
when  we w e r e  go ing  to b u i l d  a b ig  wind tunne l ,  t hey  had to know the  
p h y s i c a l  p r o p e r t i e s  of  the  m a t e r i a l .  As a p h y s i c i s t ,  I thought  I knew 
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al l  about it ,  b u t  p h y s i c i s t s  a r e  on ly  i n t e r e s t e d  down to h u n d r e d t h s  of  
d e g r e e s ,  not  in b e t w e e n .  S o m e b o d y  has  to s e e  it is done .  If i n d u s t r y  
won ' t  do it for  p rof i t ,  the  u n i v e r s i t y  won ' t  do it fo r  c u r i o s i t y ,  t hen  l e t  
the  G o v e r n m e n t  do it .  ,Another  th ing  is  that  no i n d u s t r y  wants  to go 
in to  h igh  e x p l o s i v e s  and have  t h e m s e l v e s  b lown up a l l  o v e r  the  p l a c e .  
No u n i v e r s i t y  wants  to do it e i t h e r .  

L e t  m e  s u m m a r i z e  what  I am say ing  h e r e  by s a y i n g  that  I t h ink  
you have  to g e a r  y o u r s e l f  into the  p r i m a r y  j o b .  Take  Los  A l a m o s ,  
is  that  a u n i v e r s i t y  l a b o r a t o r y ?  Le t  us not kid o u r s e l v e s .  J u s t  
b e c a u s e  it  has  .a c o n t r a c t  wi th  a univ.ers i ty ,  that  d o e s n ' t  m e a n  it i s  
a u n i v e r s i t y  l a b o r a t o r y .  So I th ink /v ' e  ough t  to do the  th ing  at the  
p l a c e  that  is  i n t e r e s t e d  in g e a r i n g t o  it.  

One  of the  i m p o r t a n t  th ings  is  the  o r g a n i z a t i o n a l  and the  o p e r a -  
t i ona l  p r o b l e m .  H e r e  is  a m a n  who p a r k s  a n y p l a c e .  He f e a r s  n e i t h e r  
God nor  the  po l i ce  o f f i c e r .  He p a r k s  a n y p l a c e  o r  a n y w h e r e .  It 
would be  n i c e  for  that  m a n  to l ive  in a s m a l l  town, by h i m s e l f ,  not  
in a b ig  c i ty .  You have  a m a n  who wants  a g r e a t  d e a l  of f r e e d o m .  
You have  a l a b o r a t o r y  in i n d u s t r y  o r  in G o v e r n m e n t  with two o r  t h r e e  
t h o u s a n d  e m p l o y e e s .  You c a n ' t  have  al l  t h o s e  p e o p l e  go ing  a r o u n d  
hav ing  f r e e d o m .  You m i g h t  have  one or  two. T h e n  you can  put t h e m  
in a l i t t l e  a r e a  w h e r e  t hey  c a n ' t  ge t  away too fa r .  I had a f e l l o w  one  
t i m e  and I s a id  to h im,  "I would l ike  to have  you w o r k  fo r  m e  but I 
c a n ' t  h i r e  16 o t h e r  p e o p l e  too, b e c a u s e  that  wouldn ' t  g ive  you the  f r e e -  
d o m .  " I t h ink  the  p r o b l e m  peop l e  a r e  w o r r i e d  about is  the  o r g a n i -  
z a t i o n a l  p r o b l e m .  I don ' t  know w h e t h e r  I have  a n s w e r e d  y o u r  q u e s t i o n  
o r  not .  Maybe  you can p h r a s e  it a n o t h e r  way. 

QUESTION: I have  b e e n  r e a d i n g  an awful  lot  and h e a r i n g  an 
awful  lot  about  th i s  t e r r i f i c  s h o r t a g e  of s c i e n t i s t s  and e n g i n e e r s .  
How do we p r o d u c e  o r  how do you m a k e  s c i e n t i s t s  ? C r a n k  t h e m  out ? 
We don ' t  have  any r e a l  p u r e  s c i e n t i s t s  in the  Un i t ed  S ta tes .  We don ' t  
g r o w  that  way. 

DR. SEEGER: John  yon N e u m a n n  gave  a t a lk  y e s t e r d a y  on th i s  
v e r y  q u e s t i o n  of m a n p o w e r  d e f i c i e n c y .  I sa id ,  "How m a n y  do you 
n e e d ? "  He sa id ,  "A t h o u s a n d  to 10, 000. " " W h e r e  a r e  you go ing  to 
ge t  t h e m  7" " F r o m  c h e m i s t s  and p h y s i c i s t s .  " Said I, g e t t i n g  v e r y  
e x c i t e d ,  "How about t ak ing  a l l  the  l a w y e r s  ? "  Tha t  m i g h t  be  a good 
way to s o l v e  s o m e  o t h e r  p r o b l e m s  we have .  
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I tMnk  the  a n s w e r  is  t h i s .  I t h i n k  o u r  b a s i c  p r o b l e m s  a r e  these:  
We a r e  not  i d e n t i f y i n g  and e n c o u r a g i n g  the  p o t e n t i a l  s c i e n t i s t s .  T h i s  
i s  the  f i r s t  t h ing  we m u s t  do ,  i d e n t i f y  and e n c o u r a g e .  

My l i t t l e  c h i l d  c a m e  h o m e  f r o m  s c h o o l - - t h e  t h i r d  g r a d e - - w i t h  
s o m e  s t a r s  and  p l a n e t s .  I s a id ,  "Oh, you a r e  s t u d y i n g  a s t r o n o m y . "  
"No, daddy,  t h i s  i s  s o c i a l  s t u d i e s .  " Th i s  is  the  i n t r o d u c t i o n  m y  
l i t t l e  c h i l d  is  g e t t i n g  to s c i e n c e .  I t h ink  th i s  is  h o r r i b l e  and  w r o n g  
and  wi l l  k e e p  p e o p l e  f r o m  ge t t i ng  into  s c i e n c e .  I don ' t  t h ink  we n e e d  
so  m a n y  in o r d i n a r y  h i g h - c l a s s  s c i e n t i s t s .  We n e e d  m o r e  t e c h n i c i a n s .  
Tha t  wi l l  u n b a l a n c e  the  e c o n o m y .  S o m e b o d y  wil l  h a v e  to do w i s e  
p l a n n i n g  b e c a u s e  we do n e e d  l a w y e r s ,  we do n e e d  d o c t o r s ,  we do n e e d  
m e c h a n i c s .  You c a n ' t  h a v e  e v e r y b o d y  b e i n g  m i n i s t e r s .  Our  p r i m a r y  
n e e d ,  I th ink,  i s  to ge t  a l l  t h o s e  who a r e  e s s e n t i a l l y  ab le  as s c i e n t i s t s  
a n d  at l e a s t  le t  t h e m  have  the  o p p o r t u n i t y  to get  in to  s c i e n c e ;  s e c o n d l y ,  
m a k e  t h e m  a w a r e  of m a n p o w e r  n e e d s  so f a r  as e c o n o m i c s  is  c o n c e r n e d .  

QUESTION: You say that we have to identify the possible scient is t .  
I think now we are able to identify intelligence, but how are we going 
to identify those people with the curiosity that you mentioned during 
your talk ? 

DR. S E E G E R :  May  I s a y  e x a c t l y  w h e r e  we a r e  go ing  to s p e n d  a 
lot  of e f f o r t - - i n  s e c o n d a r y  s c h o o l  e d u c a t i o n .  I c a m e  down l a s t  w e e k  
to the  P o w e l l  (?)  s c h o o l .  T h e y  w e r e  r e a d i n g  about  the  G e n e v a  c o n -  
f e r e n c e  and the  t e a c h e r  c a m e  to the  c o n c l u s i o n  t h e r e  w a s n ' t  e n o u g h  
s c i e n c e  in h e r  c u r r i c u l u m - - s h e  was t e a c h i n g  the  s e c o n d  and t h i r d  
g r a d e - - w o u l d  I c o m e  out  and t a lk  on how t o t e a c h  s c i e n c e ?  

I c a m e  up with  the  i d e a  of t e a c h i n g  the  c e n t e r  of g r a v i t y  in t he  
s e c o n d  g r a d e .  E i g h t y - t h r e e  p e r c e n t  of the  p e o p l e  who wil l  go on 
in to  g r a d u a t e  w o r k  won ' t  s t a r t  t h e i r  m a j o r  u n l e s s  t h e y  s t a r t  out  the  
f i r s t  y e a r .  You have  to go away  ,down in the  g r a d e  s c h o o l  for  m o -  
t i v a t i o n .  I t h i n k  you  can  if you  a r e  a l e r t  and wa tch  i t .  L e t  m e  g ive  
you  a f a c e t i o u s  a n s w e r  w h i c h  I t h i n k  you  wil l  a p p r e c i a t e .  You c a n  
t r y  th i s  out  on y o u r  y o u n g s t e r s .  

You say, "Here is a cow. A cow has four legs. Suppose we 
call the tail a leg, how many legs will the cow have altogether ?" If 
the child says, "Five, " that is mathematics .  If he says, "It doesn' t  
make any difference what you call that tail, it is still  a tail, " that 's  
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s c i e n c e .  If  the  ch i ld  says  to you,  "E igh t  and n ine  a r e  27. " please  
d o n ' t  s e n d  h i m  into e n g i n e e r i n g .  And if  the ch i ld  looks  at you  wi th  a 
nice  s m i l e  and s a y s ,  " T h a t ' s  a good q u e s t i o n ,  " a d m i n i s t r a t i o n .  I 
t e l l  you  s e r i o u s l y  I th ink  you  can  do s o m e t h i n g .  

QUESTION: I am interes ted  in and somewhat  concerned,  as a 
matter  of fact, about the s e eming  transit ion of industry into the 
sc ient i f i c  f ield,  and it s e e m s  to me that for our older people,  such 
as yon Neumann, Vannevar Bush, people of that type, they are not 
to be bought for such a price ,  but the younger sc i en t i s t s  who are  
coming out of school  ready for s c i ence ,  instead of extending their 
own front iers  and seeking new truths, they can get paid for e x p r e s s i n g  
and developing what they already know. What do you think is  the so lu-  
tion to that ? 

DR. S E E G E R :  Tha t  i s  the  p r o b l e m .  Tha t  is  what  worr ie s  me.  

QUESTION:  Would do ing  away  with h u n g e r  do it? 

DR. S E E G E R :  It would  t ake  a g r e a t  dea l  to r e a l l y  buy  m e  a l t h o u g h  
I t h ink  I a m  b u y a b l e .  T e m p t a t i o n - - y o u  n e v e r  c a n  t e l l  unt i l  you  get  i t .  
You b e g i n  to look  at y o u r  c h i l d r e n  and y o u r  wife and you  get  to w o r r y -  
ing .  But I t h i n k  th i s  is  w h e r e  we r e a l l y  have  to w o r r y  a l i t t l e  b i t .  

T h e r e  was  an a r t i c l e  about  th i s  in " T i m e  M a g a z i n e .  " W e  a r e  r e s p o n -  
s i b l e ,  we  in  the  G o v e r n m e n t ,  b e c a u s e  we say ,  " H e r e  a r e  X m i l l i o n  
d o l l a r s ,  " and th is  s t a r t s  the  whole  th ing,  and th i s  is  how you  buy  
p e o p l e  to get  the job done .  I t h ink  it would be  b e t t e r  in th i s  c a s e - -  
t h i s  i s  m y  p e r s o n a l  o p i n i o n - - t o  l e a v e  the  p h y s i c a l  s c i e n t i s t s  who 
want  to so th i s  s o r t  of th ing  at the  u n i v e r s i t y  and t h e n  e s t a b l i s h  v e r y  
good  l i a i s o n  with  t h e s e  peop l e .  But when  you  get  into the  c o m p e t i t i v e  
f ie ld ,  t h e r e  is  the  p ro f i t  m o t i v e  and so you  buy  t h e s e  peop le .  

Tha t  r e m i n d s  m e  of the  s t o r y  in the Old T e s t a m e n t  w h e r e  the  
p e o p l e  w a n t e d  to go to h e a v e n ,  but at the s a m e  t i m e  t hey  wan ted  to 
m a k e  m o n e y .  To m a k e  m o n e y ,  you  have  to w o r k - - v e r y  m o d e r n .  
T h e  t r o u b l e  is tha t  not  on ly  do we want  to go out  fo r  th i s ,  but  we want  
to put m o n e y  in o u r  p o c k e t s ,  too.  As i n d i v i d u a l s ,  we want  to do s o m e  
o t h e r  t h ings ,  too.  I don ' t  t h ink  we shou ld  t e m p t  t h e m .  

QUESTION:  You m e n t i o n e d  tha t  r e p o s e  and r e l i e f  f r o m  v a r i o u s  
o t h e r  p r e s s u r e s  is p r e t t y  i m p o r t a n t  to good s c i e n t i f i c  t h o u g h t .  How 
f r u i t f u l  do peop l e  f ee l  tha t  t hey  have  b e e n  at the I n s t i t u t e  of A d v a n c e d  
Study at P r i n c e t o n  ? Has  it b e e n  a good e n v i r o n m e n t  ? 
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DR. S E E G E R :  I t h ink  the a n s w e r  t h e r e  is  v e r y  d e f i n i t e l y  y e s .  
I know i n d u s t r y  is  go ing  in fo r  a lot  of t r a i n i n g ,  f r a n k l y ,  at u n i v e r -  
s i t i e s ,  tha t  i s  one  way they  buy the young  peop le .  " E a r n  whi l e  you  
l e a r n "  p o l i c y .  I t  would be m u c h  b e t t e r  if they  cou ld  get  a w a y  and 
j u s t  r e l a x .  Tha t  is  a v e r y  good e x a m p l e .  

QUESTION: I a m  i n t e r e s t e d  in th i s  ve i l  of s e c r e c y  tha t  you  
m e n t i o n e d  s h o r t l y  but  d idn ' t  go into any m o r e  d e e p l y .  S ince  it i s  
d i f f i cu l t  to d r a w  the  l i ne  b e t w e e n  what  m a y  be  b a s i c  r e s e a r c h ,  p u r e  
s c i e n c e  and t e c h n o l o g y ,  at what point  a r e  you  j u s t i f i e d  in c u t t i n g  off 
c o m m u n i c a t i o n  b e t w e e n  peop le  ? 

DR. SEEGER: It d o e s n ' t  m a k e  any d i f f e r e n c e  what  you  t e l l  the  
s c i e n t i s t s .  He wi l l  t e l l  the  peop l e  anyway .  Don ' t  m a k e  a v e i l  of 
s e c r e c y  m o r e  d r a w n  than  on the s u r f a c e .  A g r e a t  m a n y  who w e r e  
not  wi th  the  M a n h a t t a n  P r o j e c t  knew what  was g o i n g  on. T h e s e  t h ings  
get  a r o u n d ,  of c o u r s e .  T h e y  a r e  not  a l t o g e t h e r  u n i n t e l l i g e n t .  If 
t h e y  s e e  a m a s s i n g  of peop l e  on a c e r t a i n  thing,  t h e y  s e e  what  is  
p o s s i b l e  to c o m e  up with.  C e r t a i n l y  I would not m a k e  s e c r e c y  fo r  
a who le  a r e a .  F o r  e x a m p l e ,  I would  not  at th i s  t i m e  m a k e  s e c r e c y  
fo r  h igh t e m p e r a t u r e  and high p r e s s u r e  b a s i c  r e s e a r c h .  I t h ink  tha t  
t h i s  would  be  v e r y  d a n g e r o u s .  H o w e v e r ,  when it c o m e s  to us ing  s o m e  
of the  i d e a s  ob t a ined ,  y e s .  

QUESTION:  Speak ing  of e n v i r o n m e n t ,  I r e f e r  to t h r e e  e s t a b l i s h -  
m e n t s  wh ich  I t h ink  have  s e v e r a l  t h ings  in c o m m o n .  All t h r e e  of t h e m  
h a v e  b a s i c  r e s e a r c h ,  app l i ed  r e s e a r c h ,  and d e v e l o p m e n t  t e s t i n g - -  
e v e n  p i lo t  p r o d u c t i o n .  F r o m  the s t andpo in t  of e n v i r o n m e n t ,  what  is  
y o u r  f e e l i n g  so f a r  as t hey  a r e  c o n c e r n e d ?  

DR. S E E G E R :  I a m  g lad  you m e n t i o n e d  tha t .  Tha t  was what  I 
m e a n t  when I s a i d  I t h ink  you  m u s t  have  a p r i m a r y  o b j e c t i v c .  I would  
e x p e c t  a g o v e r n m e n t  l a b o r a t o r y  l ike  tha t  to have  a s o r t  of p i lo t  d e v e l -  
o p m e n t .  Of c o u r s e ,  when you  ge t  into the l a s t  s t age ,  o b v i o u s l y  s o m e -  
body  g e a r e d  to th i s  s o r t  of th ing ,  l ike  i n d u s t r y ,  is  b e t t e r  ab le  to do it .  
But  if you  t ake  th i s  e s s e n t i a l l y  as d e v e l o p m e n t ,  not  app l i ed  r e s e a r c h ,  
t hen  I would  s a y  you m u s t  have  s o m e  peop le  t h e r e  a l so  who a r e  c o n -  
c e r n e d  wi th  the  u se  of the  t h ing  a f t e r  you  get  t h r o u g h  with i t .  You 
don ' t  d e v e l o p  s o m e t h i n g  no one  can  use  and you  m u s t  have  s o m e  p e o p l e  
who a r e  go ing  a long  in t h e i r  own way.  T h e s e  p e o p l e  a r e  d i f f i cu l t  to get  
to.  It is h a r d  to keep  peop l e  i n t e r e s t e d .  
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The  m a n  who s u c c e e d e d  m e  at the  Nava l  O r d n a n c e  L a b o r a t o r y  
did  b a s i c  r e s e a r c h .  He had b e e n  head  of the C o n g r e s s i o n a l  g roup .  
He was v e r y  m u c h  i n t e r e s t e d  in ba s i c  r e s e a r c h ,  but m a i n l y  so in 
how it can be  used .  That  is  what I m e a n t  when I s a id  to l e a v e  t h e m  
at the  u n i v e r s i t y .  I don ' t  want t h e m  to be e n t i r e l y  a c a d e m i c .  I 
want t h e m  to r e a l i z e  when they  a r e  in s c h o o l  t h e y  ought to know 
s o m e t h i n g  about the o u t s i d e  wor ld .  T h e r e  ought  to be  s o m e  th ings  
that  a r e  v e r y  b a s i c ;  s o m e  th ings  ought  to be app l i ed .  

DR. REICHLEY:  Dr.  S e e g e r ,  on beha l f  of the  s t u d e n t s ,  the 
facul ty ,  and the  C o m m a n d a n t ,  I r e a l l y  want to thank  you b e c a u s e  
you s u r e  got us i n t e r e s t e d  in b a s i c  r e s e a r c h  and i ts  p l a c e  and 
i m p o r t a n c e  in n a t i o n a l  s e c u r i t y .  Thank  you v e r y  m u c h .  

(23 April 1956--450)K/dcp 
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