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Dr .  A lan  T.  W a t e r m a n ,  D i r e c t o r  of the  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  s i n c e  1951, w a s  b o r n  in C o r n w a l l - o n - H u d s o n ,  New 
Y o r k  on 4 June  1892. He r e c e i v e d  an A . B .  d e g r e e  f r o m  P r i n c e -  
ton U n i v e r s i t y  in 1913 and a P h . D .  in p h y s i c s  f r o m  the s a m e  
u n i v e r s i t y  in 1916. D u r i n g  the nex t  y e a r  he was  i n s t r u c t o r  in 
p h y s i c s  at  the  U n i v e r s i t y  of C i n c i n n a t i .  Af t e r  two y e a r s  m i l i t a r y  
s e r v i c e  ( p r i v a t e  to f i r s t  l i e u t e n a n t )  with the S c i e n c e  and R e s e a r c h  
D i v i s i o n  of the A r m y  Signa l  C o r p s  in W o r l d  W a r  I, he j o i n e d  the 
f a c u l t y  of Ya l e  U n i v e r s i t y  and r e m a i n e d  in the D e p a r t m e n t  of 
P h y s i c s  t h e r e  un t i l  1948, wi th  l e a v e  of a b s e n c e  d u r i n g  1927-28 
on a N a t i o n a l  R e s e a r c h  F e l l o w s h i p  to K i n g ' s  C o l l e g e ,  London;  to 
M a s s a c h u s e t t s  I n s t i t u t e  of T e c h n o l o g y  in 1937, and to the  Off ice  
of Sc i en t i f i c  R e s e a r c h  and D e v e l o p m e n t  f r o m  1 9 4 2 - 4 6 .  F r o m  
1948-51,  Dr .  W a t e r m a n  was  with the Off ice  of N a v a l  R e s e a r c h ,  
D e p a r t m e n t  of the Navy ,  in the p o s i t i o n  of D e p u t y  C h i e f  and C h i e f  
S c i e n t i s t .  Dr .  W a t e r m a n  ho lds  h o n o r a r y  d e g r e e s  of D o c t o r  of 
S c i e n c e  f r o m  Tuf t s  C o l l e g e ,  N o r t h e a s t e r n  U n i v e r s i t y  and the 
U n i v e r s i t y  of V e r m o n t  and Sta te  A g r i c u l t u r a l  C o l l e g e  and an  hon -  
o r a r y  D o c t o r  of L a w  f r o m  C o r n e l l  C o l l e g e ,  Mount  V e r n o n ,  Iowa .  
T h i s  is  D r .  W a t e r m a n ' s  t h i r d  l e c t u r e  at  the  I n d u s t r i a l  C o l l e g e .  

ii  ~_. 



I 

B A S I C  R E S E A R C H  AND T H E  S C I E N T I F I C  M E T H O D  
13 D e c e m b e r  1957 

A D M I R A L  C L A R K :  T h i s  m o r n i n g  we  h a v e  a s  o u r  s p e a k e r  D r .  
A l a n  W a t e r m a n ,  t h e  D i r e c t o r  o f  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 .  
T h e  F o u n d a t i o n  w a s  e s t a b l i s h e d  b y  a c t  of  C o n g r e s s  in  1950 to  p r o -  
m o t e  t h e  p r o g r e s s  of  s c i e n c e ;  t o  a d v a n c e  t h e  n a t i o n a l  h e a l t h ,  p r o s -  
p e r i t y ,  a n d  w e l f a r e ;  t o  s e c u r e  t h e  n a t i o n a l  d e f e n s e ;  and  f o r  o t h e r  
p u r p o s e s .  T h e  f i r s t  g e n e r a l  p u r p o s e  l i s t e d  in  t h e  a c t  r e a d s  a s  
f o l l o w s :  " T o  d e v e l o p  and  e n c o u r a g e  t h e  p u r s u i t  of  a n a t i o n a l  p o l i c y  
f o r  t h e  p r o m o t i o n  of  b a s i c  r e s e a r c h  and  e d u c a t i o n  in  s c i e n c e .  " 

D r .  W a t e r m a n  i s  a n  e m i n e n t  s c i e n t i s t ,  w h o  h a s  s e r v e d  w i t h  
d i s t i n c t i o n  b o t h  in  t h e  G o v e r n m e n t  a n d  in  t h e  a c a d e m i c  w o r l d .  H e  
s e r v e d  in  t h e  A r m y  in  W o r l d  W a r  I,  a n d  in  W o r l d  W a r  II  h e  w a s  w i t h  
t h e  O f f i c e  of  S c i e n t i f i c  R e s e a r c h  and  D e v e l o p m e n t .  F r o m  1946 t o  
1951 h e  w a s  D e p u t y  C h i e f  and  l a t e r  C h i e f  S c i e n t i s t  i n  t h e  O f f i c e  of  
N a v a l  R e s e a r c h .  B e s i d e s  b e i n g  D i r e c t o r  o f  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 ,  h e  i s  a m e m b e r  of  s e v e r a l  o t h e r  i m p o r t a n t  b o a r d s ;  a n d  
o n l y  r e c e n t l y  t h e  P r e s i d e n t  a p p o i n t e d  h i m  a s  c h a i r m a n  of  t h e  I n t e r -  
d e p a r t m e n t a l  C o m m i t t e e  o n  S c i e n c e ,  R e s e a r c h ,  a n d  D e v e l o p m e n t .  

I t ' s  w i t h  g r e a t  p l e a s u r e  t h a t  I i n t r o d u c e  D r .  A l a n  W a t e r m a n ,  
w h o  w i l l  s p e a k  on  " B a s i c  R e s e a r c h  a n d  t h e  S c i e n t i f i c  M e t h o d .  " 

DR. WATERMAN: Admiral Clark, Gentlemen of the Industrial 
College: It is always a pleasure to return to the Industrial College. 
Indeed, I feel quite at home here, having addressed the College many 
times over a period of years, first in my capacity of Deputy Chief 
and Chief Scientist of the Office of Naval Research, and more re- 
cently in my present position. The Tact that the College has, year 
after year, included many phases of scientific research in its cur- 
riculum is an indication of the military's appreciation of the increas- 
ing importance of science in national life. 

S i n c e  t h e  s p u t n i k s ,  s c i e n c e  and  t h e  p r o b l e m s  of  s c i e n t i f i c  t r a i n i n g  
h a v e  b e c o m e  v e r y  m u c h  t h e  t o p i c s  of t h e  d a y .  M a n y  of  t h e  i s s u e s  
t h a t  s o m e  of  u s  h a v e  b e e n  t r y i n g  f o r  a l o n g  t i m e  to  b r i n g  to  t h e  f o r e -  
f r o n t  h a v e  a l m o s t  o v e r n i g h t  b e e n  b r o u g h t  s h a r p l y  i n t o  f o c u s .  T h e  
t o p i c  t h a t  I h a v e  b e e n  a s k e d  to  d i s c u s s  t o d a y ,  " B a s i c  R e s e a r c h  a n d  
t h e  S c i e n t i f i c  M e t h o d , "  w a s  s e l e c t e d  l o n g  b e f o r e  e v e n  t h e  f i r s t  s p u t -  
n i k  w e n t  u p .  B u t  c e r t a i n l y  t h e  e v e n t s  of  r e c e n t  w e e k s  h a v e  c l o t h e d  
o ld  p r o b l e m s  w i t h  a n e w  s e n s e  of u r g e n c y .  
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P e r h a p s  the  m o s t  c o n s p i c u o u s  e l e m e n t  in  the  s i t u a t i o n  t o d a y  i s  
the  e x t e n t  to w h i c h  s c i e n c e  h a s  e m e r g e d  as  a t r u l y  n a t i o n a l  i s s u e ;  
and we can  be s u r e  tha t  in the m o n t h s  to c o m e ,  m a n y  p r o p o s a l s  w i l l  
be put  f o r w a r d  and m a n y  d e c i s i o n s  m a d e  r e g a r d i n g  s c i e n c e  tha t  w i l l  
h a v e  a p r o f o u n d  e f f ec t  upon  ou r  n a t i o n a l  l i f e .  With  y o u r  p e r m i s s i o n ,  
t h e r e f o r e ,  I shou ld  l i ke  to b r o a d e n  the  s c o p e  of m y  top ic  to i n c l u d e  
not  on ly  b a s i c  r e s e a r c h  and the s c i e n t i f i c  m e t h o d ,  bu t  n a t i o n a l  s c i -  
e n c e  p o l i c y  a s  w e l l .  In f a c t ,  I p l an  to go one s t ep  f u r t h e r  and d e m -  
o n s t r a t e  t ha t  t h e r e  a r e  i n h e r e n t  in the  m e t h o d s  of s c i e n t i f i c  r e s e a r c h  
c e r t a i n  r u l e s  of c o n d u c t  and t r a d i t i o n  tha t  m u s t  n e c e s s a r i l y  m o l d  and 
i n f l u e n c e  n a t i o n a l  s c i e n c e  p o l i c y .  

The  t e r m s  " s c i e n t i f i c  m e t h o d "  and " n a t i o n a l  s c i e n c e  p o l i c y "  
s u f f e r  f r o m  a m b i g u i t y .  T h e  " s c i e n t i f i c  m e t h o d "  i s  s o m e t i m e s  a s -  
s u m e d  by  n o n s c i e n t i s t s  to  be  a s o r t  of m y s t i c  p r o c e s s  by  w h i c h  
s c i e n t i s t s  p r o d u c e  m i r a c l e s .  " N a t i o n a l  s c i e n c e  p o l i c y "  i s  a m o r e  
r e c e n t  t e r m ,  o f ten  u s e d  r a t h e r  l o o s e l y  by  t h o s e  who f e e l  t ha t  we  
shou ld  h a v e  s o m e t h i n g ,  w i thou t  b e i n g  e n t i r e l y  s u r e  wha t  i t  i s .  As  
a m a t t e r  of f a c t ,  a f r i e n d  of m i n e ,  who k n o w s  the  s i t u a t i o n  p r e t t y  
w e l l ,  h a s  s a id  tha t  p e o p l e  d o n ' t  t a lk  abou t  " p o l i c y "  u n t i l  t h e r e  is  
s o m e t h i n g  tha t  t h e y  don ' t  wan t  to do, o r  s o m e t h i n g  tha t  t h e y  th ink  i s  
b e i n g  done bad ly .  O t h e r w i s e  the w o r d  is  no t  u s e d .  

F o r  the  p u r p o s e  of a c o m m o n  b a s e  of u n d e r s t a n d i n g ,  we m i g h t  
b e g i n  by d e f i n i n g  a few t e r m s .  By  " s c i e n c e "  we r e a l l y  m e a n  the  
c u m u l a t i v e  k n o w l e d g e  tha t  m a n  h a s  a c q u i r e d  of h i m s e l f  and h i s  e n -  
v i r o n m e n t .  H e r e  the  k e y  w o r d  i s  " c u m u l a t i v e . "  It d i s t i n g u i s h e s  the  
body  of f a c t s  we ca l l  " s c i e n c e "  f r o m  the type  of n o n c u m u l a t i v e  k n o w l -  
edge  tha t  r e p o s e s  in ou r  l i t e r a t u r e  and a r t ,  f o r  e x a m p l e .  

The  d i s t i n c t i o n  h a s  b e e n  ab ly  d e s c r i b e d  by  C r a n e  B r i n t o n  in  h i s  
h i s t o r y  of W e s t e r n  though t ,  in  the  book  I d e a s  and Men,  as  fo l lows :  

• . . o u r  c o n t e m p o r a r y  m e n  of l e t t e r s  a r e  t o d a y  
w r i t i n g  abou t  the v e r y  s a m e  th ings  the  G r e e k  m e n  of l e t -  
t e r s  w r o t e  about ,  in  m u c h  the s a m e  way  and wi th  no c l e a r  
and c e r t a i n  i n c r e a s e  in  k n o w l e d g e .  Our  m e n  of s c i e n c e ,  
on the  o t h e r  hand ,  h a v e  abou t  a s t r o n o m y  and p h y s i c s  f a r  
m o r e  k n o w l e d g e ,  f a r  m o r e  i d e a s  and p r o p o s i t i o n s ,  t han  the 
G r e e k s  had  . . . To  put  i t  a n o t h e r  way:. A m o d e r n  
A m e r i c a n  c o l l e g e  s t u d e n t  i s  no t  w i s e r  t han  one of the s a g e s  
of a n t i qu i t y ,  h a s  not  b e t t e r  t a s t e  t han  an a r t i s t  of a n t i q u i t y ,  
but  he  k n o w s  a lo t  m o r e  p h y s i c s  t han  the  g r e a t e s t  G r e e k  
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s c i e n t i s t  e v e r  knew.  He k n o w s  m o r e  f a c t s  abou t  l i t e r a -  
t u r e  and p h i l o s o p h y  t han  the  w i s e s t  G r e e k  of 400 B. C. 
cou ld  know; bu t  in p h y s i c s  he not  on ly  k n o w s  m o r e  f a c t s - -  
he  u n d e r s t a n d s  the  r e l a t i o n s  b e t w e e n  f a c t s ,  tha t  i s ,  t he  
t h e o r i e s  and the  l a w s .  Iw 

I m i g h t  j u s t  i n t e r p o s e  a c o m m e n t  on t h i s  p a s s a g e .  T h i s  t h o u g h t  
e x p r e s s e d  by  the  a u t h o r ,  tha t  we h a v e  m o r e  i d e a s  t han  the  G r e e k s ,  
i s  p e r h a p s  a s u b j e c t  of s u s p i c i o n .  Anyone  who h a s  l o o k e d  up G r e e k  
l i t e r a t u r e  k n o w s  tha t  the  G r e e k s  had  m o r e  i d e a s  than  t h e y  cou ld  do 
a n y t h i n g  abou t .  T h e y  m o s t l y  j u s t  d i s c u s s e d  t h e m  in a b s t r a c t  f o r m ;  
bu t  c e r t a i n l y  in s c i e n c e  we f ind tha t  the G r e e k s  had  p r o p o s e d  in 
t h e i r  own way ,  in  a q u a l i t a t i v e  way ,  m a n y  of the  t h e o r i e s  t ha t  h a v e  
f i n a l l y  b e e n  p r o v e d .  So you  cou ld  a l m o s t  t r u l y  s a y  tha t  the  G r e e k s  
had  a w o r d  for  i t .  But ,  of c o u r s e ,  t h e y  c o u l d n l t  d e c i d e  w h i c h  was  
w h i c h .  T h e y  w e r e  j u s t  ful l  of i d e a s .  

A f t e r  d e s c r i b i n g  the  p r o c e s s  by  w h i c h  c u m u l a t i v e  k n o w l e d g e  
g r o w s ,  D r .  B r i n t o n  goes  on to  say:  " T h e  r e s u l t  i s  a d i s c i p l i n e ,  a 
s c i e n c e  wi th  a so l id  and u n i v e r s a l l y  a c c e p t e d  c o r e  of a c c u m u l a t e d  
k n o w l e d g e  and a g r o w i n g  o u t e r  edge  of new k n o w l e d g e . "  

T h e  p r o c e s s  by  wh ich  t h i s  o u t e r  edge  of n e w  k n o w l e d g e  is  m a d e  
to g r o w  i s ,  of c o u r s e ,  c a l l e d  r e s e a r c h .  In f a c t ,  one  of the  s i m p l e s t  
and m o s t  e f f e c t i v e  d e f i n i t i o n s  of b a s i c  r e s e a r c h  i s  V a n n e v a r  B u s h l s  
de f in i t ion :  t~Basic r e s e a r c h  is  the s e a r c h  for  new knowledge . .  ~v 

B a s i c  r e s e a r c h  p r o c e e d s  in  an o r d e r l y  and e f f e c t i v e  way ,  and 
the  e s t a b l i s h e d  t e c h n i q u e s  by  w h i c h  it p r o g r e s s e s  m a y  be t e r m e d  the  
s c i e n t i f i c  m e t h o d .  As C o n a n t  pu t s  it  in  h i s  e x c e l l e n t  book  On U n d e r -  
s t a n d i n g  •Science: " i  shou ld  p r e f e r  to s p e a k  of the m e t h o d s  by  w h i c h  
s c i e n c e  h a s  b e e n  a d v a n c e d ,  o r  p e r h a p s  we shou ld  s a y  k n o w l e d g e  h a s  
b e e n  a d v a n c e d ,  h a r k i n g  b a c k  to F r a n c i s  B a c o n ' s  p h r a s e ,  ' t h e  a d -  
v a n c e m e n t  of l e a r n i n g .  ' "  

In general, the scientific method consists essentially of four 
steps: 

First, fact-finding and data-gathering by observation, experi- 
ment, and search through published literature. For science the im- 
portant thing is experiment. That is what started modern science. 
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Second ,  a n a l y s i s  of t h e s e  f i n d i n g s .  T h i s  i n v o l v e s  e x a m i n a t i o n  
and c l a s s i f i c a t i o n  of da ta ,  w e i g h i n g  the  i m p o r t a n c e  and r e l e v a n c e  of 
e a c h ,  and d i s c o v e r i n g  t h e i r  r e l a t i o n  to e a c h  o t h e r  and to e x i s t i n g  
k n o w l e d g e .  

T h i r d ,  s t a t e m e n t  of an h y p o t h e s i s  o r  t e n t a t i v e  g e n e r a l i z a t i o n  to 
a c c o u n t  fo r  the n e w  and the  old f a c t s .  

And f i n a l l y ,  t e s t i n g  of t h i s  h y p o t h e s i s  by  f o l l o w i n g  i t s  l o g i c a l  c o n -  
s e q u e n c e s  and p r o v i n g  or  d i s p r o v i n g  t h e m  by  e x p e r i m e n t .  If t h e s e  
c o n s e q u e n c e s  a r e  found to be  v e r i f i e d ,  t h i s  h y p o t h e s i s  b e c o m e s  t h e o r y  
and,  when  p r o p e r l y  t e s t e d  and p r o v e d ,  a p h y s i c a l  l aw.  

It shou ld  be b o r n e  in m i n d ,  of c o u r s e ,  tha t  not  e v e r y  s c i e n t i s t  
f o l l ows  th i s  ou t l i ne  in de t a i l .  S c i e n t i s t s  w o r k  in  a l l  s o r t s  of way .  In  
g e n e r a l ,  h o w e v e r ,  t h e s e  s t e p s  app ly  to the d e v e l o p m e n t  of s c i e n c e  
i t s e l f  a s  a w h o l e ,  and one c a n  s e e  this. p a t t e r n  as  you  r e v i e w  the h i s -  
t o r y  of s c i e n c e .  I t ' s  f a r  f r o m  t r u e  to s u p p o s e  tha t  a l l  s c i e n t i f i c  r e -  
s e a r c h  w o r k e r s  w o r k  c a r e f u l l y  and l o g i c a l l y  a long  a p r e d e t e r m i n e d  
c o u r s e  in t h e i r  d i s c o v e r i e s .  Some  w o r k  tha t  way; o t h e r s  w o r k  m u c h  
m o r e  l i ke  a r t i s t s - - a l m o s t  by  i n s p i r a t i o n .  T h e y  ge t  b o t h e r e d  by  an 
i d e a  or  a p r o b l e m ,  and t h e y  s l e e p  on it  and th ink  it  ove r ;  and the  
s o l u t i o n  m a y  c o m e  to t h e m  w h e n  t h e y ' r e  t a k i n g  a s h o w e r  in the  m o r n -  
ing.  T h e r e ' s  no th ing  l o g i c a l  abou t  t ha t  e x c e p t  tha t  t h e i r  m i n d  w o n ' t  
l e t  go of i t ,  and  t h e y  f i n a l l y  ge t  the a n s w e r .  T h a t ' s  a s o r t  of e x p e r i -  
e n c e  w e ' v e  a l l  had .  So I d o n ' t  wan t  to g ive  the i m p r e s s i o n  tha t  a l l  
t h i s  i s  c o m p l e t e l y  l a i d  out  in a d v a n c e .  Some  k i n d s  of s c i e n c e  and 
s o m e  s c i e n t i s t s  w o r k  tha t  way ,  but  by  no m e a n s  a l l .  

The  p o w e r  i n h e r e n t  in the  s c i e n t i f i c  m e t h o d  l i e~  in i t s  a b i l i t y  
to p r o v i d e  qu ick  a p p l i c a t i o n s ,  i m p o r t a n t  p r e d i c t i o n s ,  and,  above  a l l ,  
n e w  i d e a s  for  f u r t h e r  a d v a n c e s .  Once  t h e s e  g e n e r a l i z a t i o n s  a r e  put 
in to  w o r d s  and r e c o g n i z e d ,  t hen  the th ing  s e e m s  to t ake  on n e w  l i fe ,  
b e c a u s e  f r o m  the  g e n e r a l i z a t i o n  one can  m a k e  p r e d i c t i o n s  about  
t h i n g s  tha t  have  n e v e r  b e e n  t r i e d  b e f o r e ,  wi th  s o m e  d e g r e e  of a s -  
s u r a n c e  tha t  if the law is  t r u e ,  the p r e d i c t i o n s  wi l l  be  t r u e .  T h e s e  
in  t u r n  can  be t e s t e d ;  and tha t  i s  the  g r e a t  p o w e r  of the g e n e r a l i z a -  
t ion  which  we c a l l  a p h y s i c a l  law.  

On e x p l o r a t i o n ,  t h e s e  i n e v i t a b l y  l e a d  to new h y p o t h e s e s  w h i c h  
c o n t i n u e  the d e v e l o p m e n t  of the s c i e n c e .  An i m p o r t a n t  a d d i t i o n a l  
f a c t o r  i s  tha t ,  as  t i m e  goes  on, we f ind by e x a c t l y  the s a m e  p r o c e s s  
p h y s i c a l  l a w s  tha t  m a y  be c o m b i n e d  into  a s i ng l e  one of g r e a t e r  
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g e n e r a l i t y  and t h e r e f o r e  of g r e a t e r  p o w e r ,  such  as  the p r i n c i p l e  of the 
c o n s e r v a t i o n  of e n e r g y ,  fo r  e x a m p l e .  

E v e n  as  the s c i e n t i f i c  m e t h o d  h a s  e v o l v e d ,  so  too  h a s  a t r a d i t i o n a l  
" p o l i c y "  g r o w n  up a m o n g  w o r k e r s  in s c i e n c e  tha t  i s  a l m o s t  as  old as  
s c i e n c e  i t s e l f .  I t  i s  r e a l l y  a c o m b i n a t i o n  of a p h i l o s o p h y  of s c i e n c e - -  
the s c i e n t i s t s '  a t t i t u d e  t o w a r d  t h e i r  f i e l d - - p l u s  a t a c i t  code  of b e h a v i o r  
fo r  the  s c i e n t i s t  both as  an i n d i v i d u a l  and in h i s  r e l a t i o n  to h i s  c o l -  
l e a g u e s .  A l though  a s c i e n t i s t  would  be s t a r t l e d  and p r o b a b l y  a m u s e d  
at  c a l l i n g  th i s  " p o l i c y , "  no p o l i c y  fo r  s c i e n c e  tha t  i g n o r e s  or  v i o l a t e s  
it  c a n  be  t e n a b l e .  

But  wha t  i s  t h i s  p h i l o s o p h y  or  p o l i c y  c o n c e r n i n g  s c i e n c e ?  B r i e f l y ,  
and in o v e r s i m p l i f i e d  f o r m ,  i t  is  th is :  The  e f f o r t s  of s c i e n c e  to ob t a in  
b e t t e r  k n o w l e d g e  of our  u n i v e r s e  a r e  c o m p l e t e l y  o b j e c t i v e ,  a s  f a r  as  
m a y  be .  T h e y  a r e  not  b a s e d  upon  o p i n i o n s ,  e v e n  of the  w o r l d ' s  l e a d e r s  
in s c i e n c e ,  bu t  upon  o b s e r v a t i o n s  and e x p e r i m e n t a l  d e m o n s t r a t i o n s  tha t  
any  c o m p e t e n t  i n d i v i d u a l  can  v e r i f y  for  h i m s e l f .  E a c h  new s c i e n t i f i c  
f i nd ing ,  e v e n  by  a Nobe l  P r i z e  w i n n e r ,  is  s u b j e c t  to c h a l l e n g e  and  to 
c r i t i c a l  e x a m i n a t i o n  and t e s t  by  o t h e r s  in the  s a m e  f i e ld .  T h e  p r o c e s s  
is  t h o r o u g h l y  d e m o c r a t i c .  

In  f a c t ,  s c i e n t i f i c  r e s e a r c h  h a s  a l w a y s  b e e n  a " f r e e  e n t e r p r i s e "  
s y s t e m .  Any  a d e q u a t e l y  t r a i n e d  r e s e a r c h  s c i e n t i s t  m a y  and does  m a k e  
h i s  own c o n t r i b u t i o n s  to s c i e n c e ,  wh ich  m a y  be l a r g e  o r  s m a l l .  In 
f ac t ,  t h i s  i s  the r e s e a r c h  s c i e n t i s t ' s  g o a l - - t o  m a k e  an  o r i g i n a l  c o n t r i -  
b u t i o n  to h i s  f i e ld  of s c i e n c e ;  and h is  s t a n d i n g  in  h i s  p r o f e s s i o n  d e p e n d s  
d i r e c t l y  on tha t .  But  no te  tha t  th i s  is  a h i g h l y  i n d i v i d u a l  m a t t e r .  T h e  
s c i e n t i s t  m a k e s  h i s  own d e c i s i o n  as  to w h e r e  and how to e x p l o r e .  S ince  
he  is  a s p e c i a l i s t ,  the i m p o r t a n c e  and f e a s i b i l i t y  of wha t  he  w a n t s  to do 
and the s i g n i f i c a n c e  of h i s  f ina l  r e s u l t s  can  be p r o p e r l y  a p p r a i s e d  and 
e v a l u a t e d  on ly  by  h i s  p e e r s - - t h a t  i s  to  s ay ,  h i s  s c i e n t i f i c  c o l l e a g u e s  
in the s a m e  f i e ld .  

An i m p o r t a n t  p a r t  of the r e s e a r c h  p r o c e s s  i s  a d e q u a t e  i n f o r m a t i o n  
abou t  the  s t a t e  of the  a r t .  B e f o r e  a s c i e n t i s t  u n d e r t a k e s  an o r i g i n a l  
p i e c e  of w o r k ,  i t  i s  c l e a r l y  n e c e s s a r y  fo r  h i m  to know,  to the  e x t e n t  
p o s s i b l e ,  about  a l l  o t h e r  r e s e a r c h  i n h i s  s p e c i a l  f i e l d - - p a s t ,  p r e s e n t ,  
and p l a n n e d .  It i s  o b v i o u s ,  of c o u r s e ,  t ha t  w o r k  in h i s  f i e ld  wi l l  no t  
n e c e s s a r i l y  be  c o n f i n e d  to a g i v e n  c o u n t r y  o r  g r o u p  of c o u n t r i e s .  
S c i e n c e  i s ,  by  i t s  v e r y  n a t u r e ,  qu i t e  i n t e r n a t i o n a l  in c h a r a c t e r .  I t  
a l w a y s  h a s  b e e n .  
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All  s c i e n t i s t s  a r e  in the s a m e  boa t  as  f a r  as  the  n e e d  to  know i s  
c o n c e r n e d ;  so  t h e y  a r e  a l l  s t r o n g l y  m o t i v a t e d  to keep  in  c o n s t a n t  t o u c h  
wi th  e a c h  o t h e r .  T h e s e  n e c e s s a r y  c o n t a c t s  a r e  m a i n t a i n e d  in  v a r i o u s  
w a y s - - s o m e t i m e s  d i r e c t  and p e r s o n a l ,  t h r o u g h  v i s i t s  and c o r r e s p o n d -  
e n c e ;  s o m e t i m e s  t h r o u g h  c o n f e r e n c e s  and m e e t i n g s ;  and r e g u l a r l y  
t h r o u g h  p a p e r s  p u b l i s h e d  in s c i e n t i f i c  j o u r n a l s .  T h e  m o r a l  of t h i s  i s  
t ha t  any  a t t e m p t  to i s o l a t e  s c i e n t i s t s  and to i n t e r r u p t  the  s p o n t a n e o u s  
p r o c e s s  of the  e x c h a n g e  of s c i e n t i f i c  i n f o r m a t i o n  can  on ly  h a n d i c a p  the 
a d v a n c e  of s c i e n c e  i t s e l f .  

T h e s e ,  t h e n ,  a r e  s o m e  of the f a c t o r s  t ha t  h a v e  e n t e r e d  in to  the  
d e v e l o p m e n t  of the s c i e n t i f i c  m e t h o d .  T h e  nex t  q u e s t i o n  is:  Wha t  i s  
the  s i g n i f i c a n c e  of the  s c i e n t i f i c  m e t h o d  in t e r m s  of a n a t i o n a l  p o l i c y ,  
s ay ,  fo r  b a s i c  r e s e a r c h  in s c i e n c e ?  It i s  tha t  no a g e n c y ,  g o v e r n m e n t a l  
o r  o t h e r w i s e ,  c an  r a t i o n a l l y  a t t e m p t  to d e c r e e  wha t  i n d i v i d u a l  s c i e n t i s t s  
shou ld  do, and s t i l l  l e s s  how t h e y  shou ld  do i t .  The  Sov i e t s  t r i e d  to do 
th i s  and f a i l ed .  T h e  G e r m a n s  t r i e d  to do it  d u r i n g  the  w a r  and f a i l e d .  
When  the  C o m m u n i s t  h i e r a r c h y ,  r e a l i z e d  tha t  s c i e n t i s t s  m u s t  be  f r e e  
to p u r s u e  t h e i r  own i n c l i n a t i o n s ,  Sov ie t  s c i e n c e  b e g a n  to t a k e  g i a n t  
s t r i d e s  f o r w a r d .  

S c i e n t i s t s  know b e s t ,  t hen ,  wha t  can  be done in t h e i r  own f i e l d s  
and how to go abou t  i t .  A n a t i o n a l  p o l i c y  in  p u r e  s c i e n c e  m u s t ,  t h e r e -  
f o r e ,  be  an e n l i g h t e n e d  one .  It  m u s t  f ind out  wha t  s c i e n t i s t s  c o n s i d e r  
i m p o r t a n t  to do and s e e  tha t  t h e y  h a v e  the  m e a n s  to do it .  T h i s  i n -  
c l u d e s  w h o l e h e a r t e d  a p p r o v a l  of p r o v i d i n g  s u p p o r t  f o r  c o m p e t e n t  b a s i c  
r e s e a r c h  w h e r e v e r  n e e d e d ,  and a l s o  fo r  the  c a p i t a l  f a c i l i t i e s  w h i c h  
s c i e n c e  n e e d s  in such  f i e l d s  as  n u c l e a r  r e s e a r c h ,  r a d i o  a s t r o n o m y ,  
and the  s c i e n t i f i c  e x p l o r a t i o n  of o u t e r  s p a c e - - a  v e r y  r e c e n t  one .  A 
n a t i o n a l  p o l i c y  shou ld  a l s o  a s s i s t  by  p r o v i d i n g  b e t t e r  m e a n s  f o r  the  
d i s s e m i n a t i o n  of r e s e a r c h  r e p o r t s ,  by  p r o v i d i n g  o p p o r t u n i t y  fo r  c o n -  
f e r e n c e s  and t r a v e l  to s c i e n t i f i c  m e e t i n g s ,  and by  h e l p i n g  s c i e n t i s t s  
to r e n e w  r e s e a r c h  s t u d y  and p e r s o n a l  c o m m u n i c a t i o n  wi th  o t h e r  s c i e n -  
t i s t s ,  both  at h o m e  and a b r o a d .  

But  one m a y  a sk ,  What  of the p r i o r i t i e s  of d i f f e r e n t  s c i e n c e s ?  
A r e  t h e r e  not  s o m e  m o r e  i m p o r t a n t  t han  o t h e r s ?  T o  t h i s ,  s c i e n c e  
i t s e l f  c a n  m a k e  on ly  one a n s w e r .  No f i e ld  of s c i e n c e  shou ld  be e x -  
c l u d e d  f r o m  e n c o u r a g e m e n t  and s u p p o r t .  C a p i t a l  d i s c o v e r i e s  in  
s c i e n c e  m a y  o c c u r  in any  f i e ld .  H i s t o r y  is  c o n v i n c i n g  upon th i s  po in t .  
In  f ac t ,  the  m o r e  n o v e l  and f a r - r e a c h i n g  the d i s c o v e r y ,  the l e s s  one  
c a n  p r e d i c t  w h e r e  i t  m a y  o c c u r .  How cou ld  one  h a v e  f o r e t o l d  the  d i s -  
c o v e r y  of m a g n e t i s m ,  X - r a y s ,  and p e n i c i l l i n  b e f o r e  knowing  t h e i r  



e x i s t e n c e ?  O n e  c a n n o t  e v e n  s a y  w i t h  c e r t a i n t y  t h a t  i m p o r t a n t  d i s c o v -  
e r i e s  w i l l  be  m a d e  b y  t h o s e  f r o m  w h o m  t h e y  m i g h t  l o g i c a l l y  b e  e x p e c t e d .  
I t  w a s  a b i o l o g i s t  w h o  f i r s t  d i s c o v e r e d  an  e l e c t r i c  c u r r e n t  a n d  t h e  p r i n -  
c i p l e  of  a n  e l e c t r i c  b a t t e r y .  I t  w a s  a p h y s i c i a n  w h o  f i r s t  f o r m u l a t e d  
t h e  b r o a d  p r i n c i p l e  of  t h e  c o n s e r v a t i o n  of  e n e r g y - - o n e  of  t h e  m a j o r  l a w s  
of  p h y s i c  s .  

T h i s  t h i n g  h a p p e n s ,  t o o ,  i n  i t s  a p p l i c a t i o n  f o r  d e v e l o p m e n t .  I 
m i g h t  d i g r e s s  f o r  a m i n u t e  j u s t  t o  g i v e  y o u  o n e  i l l u s t r a t i o n  of  t h a t .  

O n e  of t h e  p r o b l e m s  d i r e c t l y  a f t e r  t h e  w a r  w a s  to  p r o v i d e  s u f f i c i e n t  
p o w e r  f o r  m i c r o w a v e  r a d a r .  At  t h e  t i m e  t h e  o n l y  p o w e r  t u b e  a v a i l a b l e  
w a s  t h e  m a g n e t r o n ,  b u t  t h a t  h a d  p r a c t i c a l  l i m i t s  a t  a b o u t  o n e  m e g a -  
w a t t .  N o w ,  a t  t h a t  t i m e  t h e  k l y s t r o n  w a s  a l s o  in  e x i s t e n c e ,  w h i c h  a s  
m a n y  of  y o u  k n o w ,  i s  a v a c u u m  t u b e  a f f a i r  t h a t  a l s o  c o u l d  p r o v i d e  p o w e r  
f o r  r a d i o  w a v e s ;  b u t  i t  w a s  i m p o s s i b l e ,  a c c o r d i n g  to  t h e  e l e c t r o n i c  t u b e  
m a n u f a c t u r e r s ,  to  m a k e  t h i s  do  v e r y  m u c h  b e l o w  a w a v e  l e n g t h  o f  a b o u t  20 
c e n t i m e t e r s .  T h e  m i n u t e  y o u  g o t  b e l o w  t h a t ,  y o u  c o u l d n ' t  g e t  a n y  p o w e r  
o u t  o f  i t .  T h i s  w a s  a p r o b l e m  t h a t  b o t h e r e d  t h e  s e r v i c e s  a n d  i t  b o t h e r e d  
i n d u s t r y  t r e m e n d o u s l y .  T h e y  d id  t h e i r  b e s t  t o  t r y  t o  i m p r o v e  t h e  t u b e ,  
w i t h o u t  s u c c e s s .  

A t  t h i s  t i m e ,  a p h y s i c i s t ,  B i l l  H a n s o n ,  w e n t  b a c k  t o  S t a n f o r d  U n i -  
v e r s i t y  w i t h  t h e  i d e a  t h a t  i t  m i g h t  be  p o s s i b l e  to  a c c e l e r a t e  e l e c t r o n s  
t o  e n o r m o u s  s p e e d s  b y  o n e  of  t h e  a f t e r m a t h s  of  t h e  c y c l o t r o n  f a m i l y .  
H e  w a s  t h i n k i n g  of  a m e t h o ~  of  a c c e l e r a t i n g  e l e c t r o n s  t o  e n o r m o u s  
s p e e d s  b y  a l i n e a r  a r r a y  i n s t e a d  of  t h e  c y c l o t r o n ' s  c i r c u l a r  o r b i t .  T h e  
p r o b l e m  t h e n  w a s ,  H o w  do  y o u  p u t  p o w e r  i n t o  a s t r e a m  of  e l e c t r o n s  t o  
g e t  t h e m  u p  to  a v e r y  h i g h  v e l o c i t y ,  m a y b e  a b i l l i o n  v o l t s  s p e e d  e q u i v -  
a l e n t ?  

I n  t h e  p r o c e s s  h e  l o o k e d  o v e r  t h e  s i t u a t i o n  of  p o w e r  t u b e s .  T h e r e ,  
a s  a b a s i c  r e s e a r c h  m a n ,  h e  t o o k  a l o o k  a t  t h e  k l y s t r o n ,  m a d e  a n e w  
d e s i g n  g o i n g  b a c k  to  f u n d a m e n t a l s ,  a n d  c a m e  o u t  w i t h  t h e  p o s s i b i l i t y  
t h a t  a k l y s t r o n  c o u l d  b e  b u i l t  t h a t  m i g h t  h a v e  25 t o  50 t i m e s  t h e  p o w e r  
o f  t h e  m a g n e t r o n .  

W e l l ,  o f  c o u r s e ,  t h e  N a v y - - I  h a p p e n e d  to  b e  in  t h e  N a v y  a t  t h e  
t i m e - - e n c o u r a g e d  t h i s ,  b e c a u s e  we  h a d  t h e  s u p p o r t  o f  t h e  p r o j e c t  f o r  
t h e  l i n e a r  a c c e l e r a t i o n  of e l e c t r o n s  h e  w a s  t a l k i n g  a b o u t .  T h e y  e n -  
c o u r a g e d  h i m  to  p e r f e c t  t h i s .  So i t  w a s  d o n e .  A n d  n o w  we  h a v e  in  
t h e  k l y s t r o n  a v e r y  p o w e r f u l  t u b e  f o r  m i c r o w a v e s .  B u t ,  y o u  s e e ,  t h i s  
w o u l d n ' t  h a v e  h a p p e n e d  i f  t h i s  b a s i c  r e s e a r c h  m a n  h a d  n o t  w a n t e d  to  
do  s o m e t h i n g  of  t he  s o r t  in  h i s  o w n  f i e l d .  
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I m e n t i o n  t h i s  a s  a t y p i c a l  c a s e  w h e r e  s o m e b o d y  w h o  i s  w o r k i n g  
in  a c o m p l e t e l y  d i f f e r e n t  w a y  o n  b a s i c  r e s e a r c h  c o m e s  o u t  w i t h  s o m e -  
t h i n g  w h i c h  t h e  p r a c t i c a l  p e o p l e  h a v e  h a d  g r e a t  d i f f i c u l t y  i n  s o l v i n g .  
T h e y ' r e  a l i t t l e  t o o  c l o s e  t o  i t .  So a l t h o u g h  t h i s  i s n ' t  u n i v e r s a l l y  t h e  
r u l e ,  i t ' s  a v e r y  i m p o r t a n t  t h i n g  to  b e a r  in  m i n d .  

T h e  o n l y  d i s t i n c t i o n s  t h a t  c a n  b e  m a d e  a s  t o  w h a t  s h o u l d  b e  e m -  
p h a s i z e d  in  d e v e l o p i n g  s c i e n c e s  a r e  i n  t e r m s  of  g e n e r a l i t y  of f i n d i n g s ,  
t e c h n i q u e s  a v a i l a b l e ,  c u r r e n t  r a t e s  o f  p r o g r e s s ,  a v a i l a b l e  s k i l l e d  m a n -  
p o w e r ,  a nd  o c c a s i o n a l l y  n e g l e c t e d  o r  o v e r e m p h a s i z e d  s p e c i a l  a r e a s  
w h e n  s o  i d e n t i f i e d  by  t h e  s c i e n t i s t s  t h e m s e l v e s .  T h i s  i s  s c i e n c e ' s  o w n  
a n s w e r  t o  t h e  m a t t e r  of  p r i o r i t y .  

B u t  t h e r e  i s ,  o f  c o u r s e ,  a n o t h e r  a n d  c o m p l e t e l y  d i f f e r e n t  q u e s t i o n ,  
n a m e l y : .  I n  w h a t  w a y s  c a n  s c i e n c e  b e s t  s e r v e  t h e  N a t i o n ,  t h e  D e p a r t -  
m e n t  of  D e f e n s e ,  o r  a l l  m a n k i n d ?  H e r e  a w h o l l y  d i f f e r e n t  s e t  of  c r i -  
t e r i a  a p p l y .  T h i s  q u e s t i o n  i n v o l v e s  a n  a p p r a i s a l  of  t h e  N a t i o n ' s  n e e d s  
o r  t h e  d e p a r t m e n t a l  n e e d s ,  a n d  a m a t c h i n g  of  p r o g r e s s  in  t h e  f i e l d s  
of  s c i e n c e  t o  t h e s e  n a t i o n a l  o r  h u m a n  n e e d s .  F o r  t h e  s e r v i c e  of  s c i -  
e n c e  to  t h e  N a t i o n ,  o r  t o  m a n k i n d ,  i s  a l m o s t  e x c l u s i v e l y  a p r a c t i c a l  
m a t t e r  a n d  t h e r e f o r e  c o n c e r n s  t h e  a p p l i c a t i o n s  t h a t  c a n  be  m a d e  f r o m  
s c i e n t i f i c  d i s c o v e r i e s  a n d  s c i e n t i f i c  p r i n c i p l e s .  T h i s  i s  t he  p r i m a r y  
b u s i n e s s  o f  a p p l i e d  r e s e a r c h ;  a n d  a f t e r  a p p l i e d  r e s e a r c h  h a s  p o i n t e d  
t h e  w a y ,  e n g i n e e r i n g  d e v e l o p m e n t  t a k e s  o v e r  to  p r e p a r e  f o r  p r o d u c t i o n  
o r  o t h e r  e c o n o m i c  a p p l i c a t i o n .  

T h i s  w h o l e  s e q u e n c e  p r o p e r l y  g o e s  u n d e r  t he  n a m e  of  t e c h n o l o g y ,  
a n d  i t s  r o l e  i s  v e r y  o f t e n  c o n f u s e d  w i t h  t h a t  of  s c i e n c e  i t s e l f .  B u t  
" t e c h n o l o g y "  i s  t h e  p r o p e r  w o r d  f o r  t h i s  w h o l e  s e q u e n c e .  We n o t e  t h a t  
a p p l i e d  r e s e a r c h  in g e n e r a l  h a s  to  s t a r t  f r o m  t h e  b a s i c  f a c t s  o f  s c i e n c e  
a n d  e n g i n e e r i n g ;  t h e r e f o r e ,  t h e  m o r e  a d v a n c e d  o u r  b a s i c  r e s e a r c h ,  t h e  
m o r e  a d v a n c e d  c a n  be  o u r  t e c h n o l o g y .  

I m e n t i o n e d  t h e  f a c t  t h a t  t h i s  t a l k  w o u l d  h a v e  to  b e  o v e r s i m p l i f i e d  
i n  t h i s  s h o r t  t i m e .  I d o n ' t  w a n t  to  l e a v e  t h e  i m p r e s s i o n  t h a t  a l l  t h i n g s  
s t a r t  w i t h  b a s i c  r e s e a r c h  a n d  t h a t  a p p l i e d  r e s e a r c h  d o e s n ' t  h a v e  a 
h a n d  in  i t .  T h e r e  i s  a l w a y s  a f e e d b a c k ,  and  a v e r y  i m p o r t a n t  f e e d b a c k ,  
b e t w e e n  w h a t  i s  d o n e  p r a c t i c a l l y  i n  a p p l i e d  r e s e a r c h  a n d  in  d e v e l o p m e n t .  
T h i s  f e e d s  b a c k  i n t o  b a s i c  r e s e a r c h  and  p r o v i d e s  t h o s e  p e o p l e  m o r e  
t o o l s  a n d  m o r e  i n s i g h t  i n t o  t h e  p r o b l e m s  t h e y  h a v e .  So t h e  t w o  a s s i s t  
e a c h  o t h e r .  I d o n ' t  w a n t  t o  i m p l y  t h a t  o n e  c a l l s  f o r  m o r e  a b i l i t y  t h a n  
a n o t h e r .  T h e y  j u s t  c a l l  f o r  d i f f e r e n t  k i n d s  of  a b i l i t y ;  t h a t ' s  a l l .  



Now, as a good instance of feedback of this sort let me give again 
an illustration from radar, because this is a very striking one indeed. 
Radar itself was a matter of applied research during the war. The 
principles were all contained in Clerk Maxwell's theory of the electric 
current and in electricity in general back in the middle of the 19th cen- 
tury, and scientists knew this pretty well. The possible application to 
microwave power, however, brought all these things in the open. That 
was applied research very largely, and very successful, too, of course. 

Now,  t h e n ,  a f t e r  the  w a r ,  the  p r i n c i p l e s  i n v o l v e d  in r a d a r ,  t he  
p r a c t i c a l  p r i n c i p l e s  of how to h a n d l e  t h e s e  w a v e s  in  the  u s u a l  p l u m b i n g ,  
and  so  on,  w e r e  k n o w n  by n u c l e a r  p h y s i c i s t s .  And t h e y  p r o c e e d e d ,  two  
of t h e m - - o n e  of w h o m  got  a Nobe l  P r i z e  fo r  i t - - t o  d e v e l o p  the  u s e  of 
r a d a r  w a v e s  in  c o n t a i n e r s  to  m e a s u r e  d i r e c t l y  the  m a g n e t i c  m o m e n t  of 
the  a t o m i c  n u c l e u s ,  w h i c h  i s  a h i g h l y  b a s i c  t h ing .  T h a t  w a s  done, t h e n ,  
a s  a f e e d b a c k  f r o m  w h a t  had  b e e n  done  in  r a d a r - - t h e  m e a s u r e m e n t  of 
t he  d e g r e e  of m a g n e t i s m ,  you  m i g h t  s a y ,  of the  a t o m i c  n u c l e u s .  I t  was  
a b e a u t i f u l  job ,  and c a m e  out  wi th  v e r y  p r e c i s e  v a l u e s .  T h i s  c o u l d  no t  
h a v e  b e e n  done ,  t h e n ,  w i t h o u t  the  d e v e l o p m e n t  of the  a r t  of r a d a r .  T h a t ' s  
t he  t y p e  of t h i n g  I m e a n .  

T h e  n e e d s  of  any  n a t i o n  c a n  be  d e s c r i b e d  in  t e r m s  of f u n d a m e n t a l  
h u m a n  n e e d s  and  w a n t s .  T h e s e  a r e  r e p r e s e n t e d  by  s u c h  b r o a d  e s s e n -  
t i a l s  a s  food ,  w a t e r ,  h e a l t h ,  d e f e n s e ,  t r a n s p o r t a t i o n ,  h o u s i n g ,  c o m -  
m u n i c a t i o n ,  and ,  a b o v e  a l l  in the  m o d e r n  age ,  a v a i l a b l e  p o w e r .  T h e  
c o u n t r i e s  of t he  w o r l d  d i f f e r  l i t t l e  in  t h e i r  f u n d a m e n t a l  n e e d s ;  t h e r e  
a r e  g r e a t  d i f f e r e n c e s ,  h o w e v e r ,  in the  d e g r e e  to w h i c h  t h e y  h a v e  b e e n  
ab l e  to  a p p l y  m o d e r n  t e c h n o l o g y  to the  s a t i s f a c t i o n  of t h o s e  n e e d s .  T h e  
U n i t e d  S t a t e s  and  o t h e r  i n d u s t r i a l  n a t i o n s  a r e ,  of c o u r s e ,  m o s t  n e a r l y  
s i m i l a r  in  t h i s  r e s p e c t .  Ou r  s ' t anda rd  of l i v i n g  i s  c o m m o n l y  c o n s i d e r e d  
to r e p r e s e n t  t he  e x t e n t  to  w h i c h  we a r e  s a t i s f y i n g  t h o s e  n e e d s .  By  the  
s a m e  t o k e n ,  the  s t a n d a r d  of l i v i n g  we w i s h  to  a t t a i n  i s  r e g a r d e d  a s  a 
m e a s u r e  of p r i o r i t y  of f u t u r e  n e e d s .  T o  the  e x t e n t  t h a t  t h i s  h a s  to  be 
c e n t r a l l y  done ,  it  i s  one  of the  r e s p o n s i b i l i t i e s  of the  F e d e r a l  G o v e r n -  
m e n t  to s e e  t ha t  t h e s e  b r o a d  n e e d s  a r e  m e t .  T h e r e f o r e ,  F e d e r a l  de -  
p a r t m e n t s  and  a g e n c i e s  h a v e  b e e n  s e t  up w h o s e  p r i m a r y  p u r p o s e  i s  to 
do w h a t  i s  n e c e s s a r y  to  m e e t  t h i s  r e s p o n s i b i l i t y .  

G o v e r n m e n t  D e p a r t m e n t s ,  s u c h  as  D e f e n s e ,  C o m m e r c e ,  I n t e r i o r ,  
L a b o r ,  and  H e a l t h ,  E d u c a t i o n  and W e l f a r e ,  t h e r e f o r e ,  h a v e  r e s p o n s i -  
b i l i t i e s  f o r  s c i e n c e  and t e c h n o l o g y  in t h e i r  r e s p e c t i v e  f i e l d s .  T o  
m e e t  t h e m ,  t h e s e  a g e n c i e s  h a v e  had  to d e v e l o p  and s u p p o r t  a p p r o p r i a t e  
t e c h n o l o g y .  By  and l a r g e  t h e y  a r e  a c t i v e  in  s c i e n c e  on ly  as  n e c e s s a r y  
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to p r o v i d e  the  b a c k g r o u n d  fo r  tha t  t e c h n o l o g y .  T h u s  the D e p a r t m e n t  
of D e f e n s e  is  c o n c e r n e d  wi th  m i l i t a r y  w e a p o n s  and d e v i c e s  of w a r f a r e  
and s u p p o r t s  s c i e n c e  u n d e r l y i n g  the  c o r r e s p o n d i n g  f i e l d s  of t e c h n o l o g y .  
Mos t  G o v e r n m e n t  d e p a r t m e n t s  and a g e n c i e s  h a v e  had c o n s i d e r a b l e  
e x p e r i e n c e  in t h e s e  m a t t e r s  and h a v e  s p e c i a l i z e d  in k n o w l e d g e  of the  
r e l a t i o n  of s c i e n c e  and t e c h n o l o g y  to t h e i r  o v e r a l l  m i s s i o n s .  I t  would  
be  n e i t h e r  l o g i c a l  n o r  f e a s i b l e ,  t h e r e f o r e ,  to e s t a b l i s h  a D e p a r t m e n t  
of S c i e n c e  and T e c h n o l o g y  with  o v e r a l l  s u p e r v i s i o n  of t h e s e  a c t i v i t i e s .  
Such a d e p a r t m e n t  cou ld  at  b e s t  be on ly  an a d m i n i s t r a t i v e  d e p a r t m e n t  
s u p e r p o s e d  on e x i s t i n g  o n e s ,  wi th  c o n f u s i o n  and f r u s t r a t i o n  r e s u l t i n g  
in the o p e r a t i o n  of e a c h  s e p a r a t e  d e p a r t m e n t .  

F e d e r a l  r e s e a r c h  and d e v e l o p m e n t  a c t i v i t i e s  do,  h o w e v e r ,  h a v e  
a c o m m o n  e l e m e n t ,  n a m e l y ,  b a s i c  r e s e a r c h .  T h i s  i s  t r u e  b e c a u s e  
the  f i n d i n g s  of b a s i c  r e s e a r c h  m a y  be u s e f u l  in m a n y  and u n e x p e c t e d  
d i r e c t i o n s .  It i s  l o g i c a l  and r e a s o n a b l e  tha t  a F e d e r a l  a g e n c y ,  f o r  
e x a m p l e ,  s u c h  as  the  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 ,  w h i c h  k e e p s  i t s e l f  
i n f o r m e d  of the  b a s i c  r e s e a r c h  a c t i v i t i e s  of the  F e d e r a l  a g e n c i e s ,  
shou ld  e x e r c i s e  an a p p r o p r i a t e  d e g r e e  of c o o r d i n a t i o n  a m o n g  t h e m  
and be  in p o s i t i o n  to t ake  the l e a d  wi th  r e s p e c t  to c o m m o n  p r o g r a m s  
of the  F e d e r a l  G o v e r n m e n t  in the v a r i o u s  s c i e n c e s .  

Now, the p r e s e n t  p o l i c y  of the F e d e r a l  G o v e r n m e n t  wi th  r e s p e c t  
to t e c h n o l o g y  a m o n g  i t s  own a g e n c i e s  i s  s i m p l y  tha t  e a c h  a g e n c y  h a s  
r e s p o n s i b i l i t y  fo r  wha t  it does  in t e c h n o l o g y  tha t  i s  d i r e c t l y  r e l a t e d  
to i t s  m i s s i o n .  

It is  a l s o  the  p o l i c y  of the  F e d e r a l  G o v e r n m e n t  to p e r m i t  and 
e n c o u r a g e  e a c h  a g e n c y  to c o n d u c t  and s u p p o r t  b a s i o  r e s e a r c h  in f i e Id s  
of s c i e n c e  r e l a t e d  to i t s  m i s s i o n  and ,  of c o u r s e ,  to c o n d u c t  and s u p -  
p o r t  a p p l i e d  r e s e a r c h  a i m e d  at s o l v i n g  i t s  t e c h n o l o g i c a l  p r o b l e m s .  
Both  t h e s e  p o l i c i e s - - t h e s e  two tha t  I j u s t  m e n t i o n e d - - a r e  s e t  f o r t h  in 
E x e c u t i v e  O r d e r  10521, i s s u e d  by the P r e s i d e n t  in 1954. 

In a d d i t i o n  to the  r e s e a r c h  c o n d u c t e d  in i t s  own l a b o r a t o r i e s ,  the  
F e d e r a l  G o v e r n m e n t  s u p p o r t s  b a s i c  r e s e a r c h  in i n s t i t u t i o n s  t h r o u g h -  
out  the c o u n t r y .  In o r d e r  to a c h i e v e  i t s  o b j e c t i v e s ,  the F e d e r a l  G o v -  
e r n m e n t  m u s t  u t i l i z e  the  h i g h e s t  a v a i l a b l e  r e s e a r c h  c o m p e t e n c e  in 
s c i e n c e  in the  country w h e r e v e r  t h i s  can  be found .  C o n s e q u e n t l y ,  
F e d e r a l  d e p a r t m e n t s  and a g e n c i e s  shou ld  and do have  a u t h o r i t y  to 
s u p p o r t  b a s i c  r e s e a r c h  in c o l l e g e s  and u n i v e r s i t i e s ,  and at  r e s e a r c h  
i n s t i t u t e s  and r e s e a r c h  l a b o r a t o r i e s  as  a p p r o p r i a t e .  T h i s  i s  a c c o m -  
p l i s h e d  t h r o u g h  a s e l e c t i o n  of a p p l i c a t i o n s  fo r  the  s u p p o r t  of b a s i c  
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r e s e a r c h  tha t  a r e  r e c e i v e d  by  the  F e d e r a l  r e s e a r c h  o f f i c e s ,  and a l s o ,  
w h e r e  a p p r o p r i a t e ,  by e n l i s t m e n t  of r e s e a r c h  s c i e n t i s t s  to w o r k  on 
p r e s s i n g  a g e n c y  p r o b l e m s .  T h i s  is  the  u s u a l  w a y  in w h i c h  the  G o v e r n -  
m e n t  s u p p o r t s  b a s i c  r e s e a r c h  o u t s i d e  i t s  own l a b o r a t o r i e s .  

In a d d i t i o n  to  p u r e l y  p r a c t i c a l  c o n s i d e r a t i o n s ,  h o w e v e r ,  the F e d -  
e r a / G o v e r n m e n t  r e c o g n i z e s  tha t  p r o g r e s s  in p u r e  s c i e n c e  is  f u n d a -  
m e n t a l  not  on ly  to the  s t r e n g t h  and w e l f a r e  of the N a t i o n ,  but  to i t s  
i n t e l l e c t u a l  g r o w t h  a s  w e l l .  C o n g r e s s  d e m o n s t r a t e d  t h i s  c o n v i c t i o n  
w h e n  it e s t a b l i s h e d  the 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  in 1950, to s u p p o r t  
b a s i c  r e s e a r c h  c o m p r e h e n s i v e l y  t h r o u g h o u t  the  c o u n t r y ,  so  tha t  s c i -  
e n c e  would  go f o r w a r d  a c t i v e l y  on al l  f r o n t s .  

P o l i c y  on the  p a r t  of the 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  is  s i m p l y  
to s u p p o r t  h i g h - q u a l i t y  r e s e a r c h  by  c o m p e t e n t  s c i e n t i s t s  in  a l l  f i e l d s ,  
t a k i n g  in to  a c c o u n t  s u p p o r t  by  o t h e r  a g e n c i e s .  T h e  F o u n d a t i o n  h a s  
in v i e w  the  d i s t r i b u t i o n  of s u p p o r t  a m o n g  f i e l d s  of s c i e n c e  and a m o n g  
v a r i o u s  t y p e s  of i n s t i t u t i o n s .  It a l s o  c o n s i d e r s  s u c h  f a c t o r s  as  g e o -  
g r a p h i c a l  d i s t r i b u t i o n  and the  e n c o u r a g e m e n t  of p r o m i s i n g  young  r e -  
s e a r c h  i n v e s t i g a t o r s .  

In p r a c t i c e ,  th i s  p o l i c y  on the p a r t  of the  N a t i o n a l  S c i e n c e  F o u n d a -  
t ion ,  and,  i n d e e d ,  of a l l  F e d e r a l  a g e n c i e s ,  c o n s i s t s  of the  e n c o u r a g e -  
m e n t  of p r o p o s a l s  f r o m  any  c o m p e t e n t  s c i e n t i s t  o r  g r o u p  of s c i e n t i s t s  
in the  c o u n t r y .  With the a d v i c e  of e x p e r t  c o n s u l t a n t s ,  the  a g e n c y  
m a k e s  a s e l e c t i o n  f r o m  a m o n g  t h e s e  p r o p o s a l s  on the  b a s i s  of the  
s c i e n t i f i c  m e r i t  of the r e s e a r c h ,  the c o m p e t e n c e  and e x p e r i e n c e  of 
the  r e s e a r c h  p e r s o n n e l ,  the e n d o r s e m e n t  of t h e i r  i n s t i t u t i o n ,  and the 
r e l a t i v e  i m p o r t a n c e  of the f i e ld  of r e s e a r c h  in q u e s t i o n .  T h e  p r o p o s a l s  
s e l e c t e d  t h e n  r e c e i v e  s u p p o r t  in the f o r m  of a g r a n t  o r  c o n t r a c t  to the  
i n s t i t u t i o n  on b e h a l f  of the p e r s o n s  w i s h i n g  to do the r e s e a r c h .  G e n -  
e r a l l y  s p e a k i n g ,  the g r a n t  o r  c o n t r a c t  p r o v i d e s  funds  f o r  e q u i p m e n t ,  
m a t e r i a l s ,  and p e r s o n a l  s e r v i c e s  r e q u i r e d  fo r  the  job.  

T h i s  p r o c e d u r e  e n a b l e s  the F e d e r a l  G o v e r n m e n t  to fo l l ow  the  l e a d  
of the  s c i e n t i s t s  in  the  c o u n t r y  in d e t e r m i n i n g  wha t  r e s e a r c h  s h o u l d  
be  s u p p o r t e d ,  s i n c e  the i d e a s  o r i g i n a t e  f r o m  t h e m ,  by and l a r g e .  The  
r e s u l t  i s  a t r u l y  n a t i o n a l  p o l i c y  fo r  the  e n c o u r a g e m e n t  of s c i e n c e .  
M o s t  i m p o r t a n t  of a l l ,  i t  i s  c o n s i s t e n t  wi th  the  b e s t  t r a d i t i o n  in r e -  
s e a r c h ,  as  I o u t l i n e d  it e a r l i e r ;  and p e r m i t s ,  to a m a x i m u m  d e g r e e ,  
the  f r e e d o m  and i n d e p e n d e n t  a c t i o n  on the  p a r t  of the  s c i e n t i s t s  t h e m -  
s e l v e s  in the c h o i c e  and c o n d u c t  of r e s e a r c h  tha t  a r e  so  n e c e s s a r y  to 
the  p r o g r e s s  of s c i e n c e .  
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It  shou ld  be no t ed  tha t  F e d e r a l  p o l i c y  with  r e s p e c t  to the s u p p o r t  
of s c i e n c e  h a s ,  in g e n e r a l ,  d I a w n  the l i ne  at  p r o v i d i n g  u n r e s t r i c t e d  
r e s e a r c h  funds  for  i n s t i t u t i o n s  or  the d e p a r t m e n t s  of i n s t i t u t i o n s .  T h i s  
p o l i c y  has  b e e n  d e l i b e r a t e ,  and is s u b j e c t  to c o n s t a n t  r e v i e w  and ap -  
p r a i s a l .  It r e s t s  upon  two m a j o r  c o n s i d e r a t i o n s :  In the  f i r s t  p l a c e ,  i t  
is  e n d o r s e d  by  the g r e a t  m a j o r i t y  of the c o u n t r y ' s  s c i e n t i s t s  as  b e i n g  
in  the b e s t  i n t e r e s t  of p r o g r e s s  in s c i e n c e .  In the  s e c o n d  p l a c e ,  the  
p r o v i s i o n  of u n r e s t r i c t e d  funds  fo r  r e s e a r c h  to e d u c a t i o n a l  i n s t i t u t i o n s  
o r  t h e i r  s c i e n c e  d e p a r t m e n t s  would  be a s t r o n g  p r e c e d e n t  fo r  d i r e c t  
F e d e r a l  a id  to h i g h e r  e d u c a t i o n .  

Although the policy of support "by project," as it has been called, 
has been criticized by some university administrators and some sci- 
entists, majority opinion still holds it to be the most satisfactory. 
The question should, however, remain open. It is important to make 
certain, before any change is made, that direct support by the Federal 
Government to educational institutions in some manner other than by 
projects would be a wise move, since such a new policy, once inaugu- 
rated, would be very hard to reverse. 

In all these matters it is of the greatest importance that any steps 
taken in support of science should have the understanding and the back- 
ing of the people of the country. Just I0 years ago, in the book I men- 
tioned earlier, Dr. Conant laid special stress upon this point, under 
the heading, "Science and National Policy." He said: 

"In a democracy, political power is widely diffused. 
National policy is determined by the interaction of forces 
generated and guided by hundreds of thousands if not mil- 
lions of local leaders and men of influence. Eventually, 
within the limits imposed by public opinion, decisions of 
far-reaching importance are made by a relatively few. 
These men are almost accidentally thrown into positions 
of temporary power by the forces working throughout our 
benignly chaotic system of political democracy. Because 
of the fact that the applications of science play so impor- 
tant a part in our daily lives, matters of public policy are 
profoundly influenced by highly technical scientific consid- 
erations. Some understanding of science by those in posi- 
tions of authority and responsibility as well as by those who 
shape opinion is therefore of importance for the national 
welfare. " 



O u r  c i t i z e n s  m u s t  b e  a b l e  to  u n d e r s t a n d  a n d  a p p r a i s e  t h e  u r g e n c y  
of  t h e  i n t e r n a t i o n a l  a s  w e l l  a s  t h e  n a t i o n a l  s i t u a t i o n  a n d  to  t a k e  a n d  to  
u r g e  e f f e c t i v e  a c t i o n .  U n d e r  o u r  s y s t e m  i t  i s  n o t  p o s s i b l e  f o r  t h e  
F e d e r a l  G o v e r n m e n t  t o  t a k e  a d e q u a t e  s t e p s  to  s t r e n g t h e n  o u r  s c i e n c e  
e d u c a t i o n  a n d  o u r  r e s e a r c h  u n l e s s  t h e s e  m e a s u r e s  h a v e  t h e  w h o l e -  
h e a r t e d  s u p p o r t  of  a l l  c i t i z e n s .  

F u r t h e r m o r e - - a n d  t h i s  p o i n t  c a n n o t  b e  t o o  s t r o n g l y  s t a t e d - - w e  
m u s t  r e a l i z e  t h a t  t h e  n a t i o n a l  s e c u r i t y  d e p e n d s  n o t  o n l y  u p o n  o u r  m i l i -  
t a r y  a n d  d e f e n s i v e  s t r e n g t h ,  c r i t i c a l  t h o u g h  t h e s e  a r e .  F u n d a m e n t a l l y  
i t  d e p e n d s  u p o n  o u r  e c o n o m i c  s t r e n g t h ,  w h i c h  in  t h i s  d a y  a n d  a g e  d e -  
p e n d s  u p o n  o u r  p r o g r e s s  in  t e c h n o ! o g y .  S t i l l  m o r e  b a s i c a l l y ,  t h i s  
i n  t u r n  d e p e n d s  u p o n  t h e  w i l l  a n d  t h e  d e t e r m i n a t i o n  o n  t h e  p a r t  of  o u r  
p e o p l e  t o  p u t  f o r t h  a m a x i m u m  e f f o r t  in  s c i e n c e  a n d  t e c h n o l o g y ,  w h i c h  
i s  a t  t h e  s a m e  t i m e  c o n s i s t e n t  w i t h  o u r  b r o a d  i d e a l s  a n d  g o a l s .  

T h a n k  y o u .  

C A P T A I N  S T E V E N S :  D r .  W a t e r m a n  i s  r e a d y  f o r  y o u r  q u e s t i o n s .  
H e  t o l d  m e  to  t e l l  y o u  t h a t  y o u  do n o t  n e e d  to  l i m i t  y o u r  q u e s t i o n s  t o  
w h a t  h e  t a l k e d  a b o u t  t h i s  m o r n i n g ,  b u t  a n y t h i n g  in  h i s  f i e l d  o f  c o m p e -  
t e n c e  h e  w i l l  b e  h a p p y  to  t a k e  a c r a c k  a t .  

Q U E S T I O N :  D r .  W a t e r m a n ,  I t h i n k  i t  b e c o m e s  t h e  r e s p o n s i b i l i t y  
o f  u s  i n  t h e  m i l i t a r y  to  a d v i s e  t h e  c o u n t r y  o n  c e r t a i n  a s p e c t s  of  t h e  
i n t e r n a t i o n a l  s i t u a t i o n  and  t h e i r  i m p l i c a t i o n s  o n  t h e  o c e a n  a n d  o n  l a n d ,  
s u c h  a s  w a s  d o n e  in  t h e  c a s e  of  K o r e a .  W h a t  a c t i o n  h a v e  s c i e n t i s t s ,  
e i t h e r  i n  y o u r  g r o u p  o r  in  o t h e r  g r o u p s  w i t h i n  t h e  N a t i o n ,  t a k e n  to  a d -  
v i s e  t h e  c o u n t r y ,  a n d  to  a d v i s e  t h e  l e a d e r s  o f  t h e  c o u n t r y ,  o n  t h e  s i t u -  
a t i o n  in  w h i c h  we  n o w  f i n d  o u r s e l v e s ?  

D R .  W A T E R M A N :  T h e  f i r s t ,  of  c o u r s e ,  i s  a d v i s i n g  t h e  P r e s i d e n t  
a s  t o  w h a t  t h i n g s  s c i e n t i s t s  c o n s i d e r  to  b e  i m p o r t a n t .  T h o s e  t h i n g s  
h a v e  b e e n  m e n t i o n e d  i n  h i s  s p e e c h e s ,  m a n y  of  t h e m .  

T h e  c o u n t r y  i s  p r e t t y  w e l l  a w a r e ,  I t h i n k ,  a n d  h a s  b e e n  f o r  s e v -  
e r a l  y e a r s ,  of  t h e  n a t i o n a l  s h o r t a g e  of  c e r t a i n  k i n d s  of  s c i e n t i s t s  
a n d  e n g i n e e r s .  T h i s  h a s  b e e n  o v e r s i m p l i f i e d .  T h e  p r e s s  h a s  t a l k e d ,  
a n d  m o s t  o t h e r  p e o p l e  h a v e  t a l k e d ,  a b o u t  t h e  g e n e r a l  s h o r t a g e  o f  s c i -  
e n t i s t s  a n d  e n g i n e e r s .  T h a t ' s  n o t  a g o o d  w a y  to  p u t  i t ,  b e c a u s e  in  
c i v i l  e n g i n e e r i n g ,  f o r  i n s t a n c e ,  t h e  s i t u a t i o n  i s  n o t  v e r y  d i f f e r e n t  t h a n  
n o r m a l ,  b u t  i n  t h e  n e w  f i e l d  of  n u c l e a r  e n g i n e e r i n g  t h e r e  i s  a v e r y  
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bad  s h o r t a g e  i n d e e d  of p e o p l e  t r a i n e d  a l o n g  t h o s e  l i n e s  and  the  s a m e  
h o l d s  t r u e  fo r  a e r o n a u t i c a l  e n g i n e e r i n g ,  e l e c t r o n i c s  and o t h e r  n e w  
f i e l d s .  

T h e  N a t i o n a l  A c a d e m y  of S c i e n c e s  and  the  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  p u b l i s h e d  a book  c a l l e d  S o v i e t  P r o f e s s i o n a l  M a n p o w e r ,  w h i c h  
a p p e a r e d  abou t  t h r e e  y e a r s  ago .  T h a t  go t  p r e t t y  w ide  c i r c u l a t i o n  and 
c a l l e d  a t t e n t i o n  to the  h i g h e r  r a t e  at  w h i c h  the  S o v i e t s  a r e  p r o d u c i n g  
s p e c i a l i z e d  p e r s o n n e l .  Of c o u r s e ,  i n d u s t r y  h a s  a l e r t e d  the  c o u n t r y ,  
and  G o v e r n m e n t  s p e a k e r s  of a l l  k i n d s  h a v e  d w e l t  on the  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 .  So the  c o u n t r y  h a s  b e e n  m a d e  a w a r e  of the  
s i t u a t i o n .  

M o r e  r e c e n t l y  the  m a t t e r  of s c i e n t i f i c  e d u c a t i o n  h a s  h i t  the  c o u n -  
t r y  in  a n u m b e r  of w a y s .  O f f i c i a l l y  a l l  I c an  s a y  i s  t ha t  we in  the  
S c i e n c e  F o u n d a t i o n  and the  S c i e n c e  A d v i s o r y  C o m m i t t e e ,  now r e p o r t -  
ing  to  the  P r e s i d e n t ,  h a v e  p r e s e n t e d  t h e s e  f a c t s  v e r y  c l e a r l y .  T h e  
a g e n c i e s  k n o w  t h e m  t h r o u g h  v a r i o u s  m e d i a .  

A g a i n ,  e v e r y  o p p o r t u n i t y  i s  u s e d  to p l a c e  t h e m  b e f o r e  the  c o u n t r y .  
Wha t  h a s  no t  b e e n  d o n e ,  I s u p p o s e ,  i s  to  a d o p t  10 o r  12 p o i n t s  o r  a n y -  
t h i n g  l ike  a 5 - y e a r  p r o g r a m  and p r e s e n t  it  to  the  c o u n t r y .  I t  h a s  b e e n  
done  m o r e  i n f o r m a l l y .  T h a t ' s  t he  way  the  t h i n g  s t a n d s .  

QUESTION:  D o c t o r ,  you  m e n t i o n e d  t h a t  t he  f i r s t  p a r t  of y o u r  
p r o g r a m  f o r  i n s u r i n g  a good  s c i e n t i f i c  p r o g r e s s  w a s  a f r e e  f low of 
i n f o r m a t i o n  b e t w e e n  p e o p l e  w o r k i n g  in  s c i e n t i f i c  f i e l d s .  S ince  s u c h  
a l a r g e  p a r t  of o u r  r e s e a r c h  and d e v e l o p m e n t  in  t h i s  c o u n t r y  i s  s p o n -  
s o r e d  by  the  G o v e r n m e n t  and s p e c i f i c i a l l y  by  the  m i l i t a r y  d e p a r t m e n t s ,  
and  m u c h  of t ha t  i s  n e c e s s a r i l y  c l a s s i f i e d ,  wha t  e f f e c t  d o e s  t h i s  h a v e  
on the  f low of i n f o r m a t i o n ?  Do ,you t h i n k  t h i s  is  good ,  bad ,  o r  i n d i f -  
f e r e n t ;  and  wha t  would  you  r e c o m m e n d  tha t  we do a b o u t  i t ?  

DR.  W A T E R M A N :  T h a t ' s  a v e r y  c o m p l e x  s i t u a t i o n  i n d e e d .  Al l  
you  h a v e  to  do i s  to r e a l i z e  the  v o l u m e  of a v a i l a b l e  m a t e r i a l  in r e -  
s e a r c h  and d e v e l o p m e n t  and you  r e a l l y  a r e  s t u m p e d  to  know how b e s t  
to  s o l v e  i t .  L e t  m e  t a k e  i t  by  p a r t s .  

I n s o f a r  a s  w o r k  is  c l a s s i f i e d ,  as  i t  m u s t  be in  m a n y  c a s e s ,  
e s p e c i a l l y  in  d e v e l o p m e n t  and on the  a p p l i c a t i o n  s i d e ,  t h i s ,  of c o u r s e ,  
i s  a h a n d i c a p  to p r o g r e s s  to s o m e  e x t e n t .  You al l  k n o w  tha t  v e r y  we l l .  
A n y t h i n g  t h a t  g e t s  h i g h l y  c l a s s i f i e d  s u f f e r s  u n d e r  a h a n d i c a p  in s o m e  
r e s p e c t s ,  b e c a u s e  the  c l a s s i f i c a t i o n  d o e s  i m p e d e  p r o g r e s s .  
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Now,  I d o n ' t  m e a n  to  s a y  t h a t  t h i s  s h o u l d n ' t  be  d o n e .  You do h a v e  
to  h a v e  h i g h  c l a s s i f i c a t i o n s ;  bu t  one  h a s  to r e a l i z e  w h e n  he  i m p o s e s  
s u c h  a c l a s s i f i c a t i o n  t h a t  i t  d o e s  s l o w  t h i n g s  down ,  and  c a n ' t  h e l p  bu t  
do so ,  b e c a u s e  o n l y  a l i m i t e d  n u m b e r  of p e o p l e  a r e  in  p o s i t i o n  to  a c t  
on t h e  m a t t e r ,  w h e r e a s ,  a s  y o u  k n o w ,  in  i n d u s t r i a l  d e v e l o p m e n t  t h i n g s  
a r e  a l i t t l e  m o r e  o p e n .  T h e  m o r e  p e o p l e  t h a t  c a n  g e t  in it  and  w o r k  
on i t  in  t h e i r  own w a y ,  the  f a s t e r  p r o g r e s s  o c c u r s .  So to  the  e x t e n t  
t h a t  c l a s s i f i c a t i o n  i s  n e c e s s a r y ,  i t  m u s t  be  a d m i t t e d  t h a t  i t  d o e s  i m -  
p e d e  p r o g r e s s  to  s o m e  e x t e n t .  

On t h e  b a s i c  r e s e a r c h  p a r t ,  c l a s s i f i c a t i o n  i s  s e l d o m  r e q u i r e d ,  
o r  c e r t a i n l y  i t  s h o u l d  s e l d o m  be  r e q u i r e d .  H e r e  i s  w h e r e  i t ' s  m u c h  
m o r e  i m p o r t a n t ,  i t  s e e m s  to  m e ,  to  be s u r e  t h a t  we m a k e  r a p i d  
p r o g r e s s  t h a n  to  t r y  to  o v e r c l a s s i f y .  

A g o o d  i l l u s t r a t i o n  of t h a t  a p p e a r e d - - a n d  y o u  p e r h a p s  k n o w  the  
r e f e r e n c e - - i n  t h e  G e n e v a  C o n f e r e n c e  t h a t  w a s  h e l d  on the  i n d u s t r i a l  
u s e  of  a t o m i c  e n e r g y  a f e w  y e a r s  ago .  F a c t s  w e r e  d i s c l o s e d  t h e r e  
b y  s e v e r a l  c o u n t r i e s  t h a t  h a d  b e e n  k e p t  c l a s s i f i e d  on the  p a r t  of  e a c h .  
O n e  o u t s t a n d i n g  c a s e  w a s  t he  m e a s u r e m e n t  of w h a t  i s  k n o w n  a s  n u -  
c l e a r  c r o s s  s e c t i o n s .  T h a t  i s  to  s a y ,  " n u c l e a r  c r o s s  s e c t i o n "  i s  j u s t  
a w o r d  f o r  t h e  p o s s i b i l i t y  of c a p t u r e  b y  an  a t o m i c  n u c l e u s  of a n e u t r o n  
w h i c h  c o u l d  c a u s e  f i s s i o n .  O b v i o u s l y ,  t h i s  is  a m a t t e r  t h a t  we  d id  
no t  w a n t  to  d i s c l o s e  u n l e s s  we h a d  to  a t  t h e  t i m e .  So a l l  t h e  w o r k  t h a t  
w a s  d o n e  on  t h e s e  m e a s u r e m e n t s  d u r i n g  t h e  w a r  and  s i n c e  t he  w a r  
w a s  k e p t  c l a s s i f i e d  in  t h i s  c o u n t r y  and  v e r y  c l o s e l y  so .  We h a d  p r o -  
g r e s s e d  to  k n o w l e d g e  of t h i s  w i t h  r e f e r e n c e  to a l l  s o r t s  of n u c l e i ,  and  
a l l  t h i s  c a m e  out  a t  G e n e v a .  

W e l l ,  o u r  m e a s u r e m e n t s  w e r e  r e p o r t e d  a t  t h i s  m e e t i n g  a n d  so  
w e r e  t h e  R u s s i a n s ;  a n d  t h e y  t u r n e d  out  to  be  i d e n t i c a l .  We h a d  a l i t t l e  
e d g e  in  p r o g r e s s ,  bu t  no t  m u c h .  T h e  R u s s i a n s  h a d  g o n e  a h e a d  and  
m e a s u r e d  t h e  s a m e  t h i n g  and  go t  t h e  s a m e  r e s u l t s ,  and  so  h a d  t h e  
B r i t i s h .  

So t h e s e  f a c t s  of  n a t u r e  a r e  o p e n  f o r  e v e r y b o d y  to  d i s c o v e r ,  
and  y o u  c a n ' t  p r e v e n t  a n o t h e r  n a t i o n  f r o m  d i s c o v e r i n g  t h e m  b y  c l a s s i -  
f y i n g  y o u r  own r e s u l t s .  In  f a c t ,  one  c a n  s a y  r o u g h l y  t h a t  t he  p r o g r e s s  
of s c i e n c e  in  a l l  c i v i l i z e d  c o u n t r i e s  i s  c o m p a r a b l e .  I d o n ' t  m e a n  to  
s a y  t h a t  t h e y  a r e  t h a t  c l o s e  a l w a y s .  Bu t  ff y o u  d i s c o v e r  a t h i n g  f i r s t  
in  b a s i c  s c i e n c e ,  y o u  c a n  p r e t t y  s u r e l y  s u s p e c t  t h a t  a n o t h e r  c o u n t r y  
w i l l  do i t  w i t h i n  a f e w  y e a r s  a t  l e a s t ,  b e c a u s e  t h a t ' s  the  w a y  t h e s e  
t h i n g s  go.  T h e  b a s i s  i s  a v a i l a b l e  to  e v e r y b o d y .  

~-  15 



So I w o u l d  s a y  t h a t  i t ' s  a m i s t a k e  to  c l a s s i f y  b a s i c  r e s e a r c h  to  
t h e  s a m e  e x t e n t  t h a t  y o u  c l a s s i f y  a p p l i e d  w o r k ,  b e c a u s e  i t ' s  m u c h  
m o r e  i m p o r t a n t  to  m a k e  p r o g r e s s .  If  we  g e t  s t a r t e d  on  a l i n e  o f  b a s i c  r e -  
s e a r c h  a n d  l e a d  o t h e r  n a t i o n s ,  a n d  if  t h i s  i s  u n c l a s s i f i e d  and  o u r  
p e o p l e  g e t  e n t h u s i a s t i c  a b o u t  i t ,  t h e  c h a n c e s  of  a n o t h e r  n a t i o n  c a t c h -  
i n g  u p  a r e  v e r y  d i m  e v e n  i f  i t  i s  i n  t h e  o p e n .  I t ' s  l i k e  t h e  o ld  s y s t e m  
of  g i v i n g  a b a t t l e  o r d e r  r i g h t  o u t  i n  t h e  o p e n .  I f  y o u  m o v e  f a s t  e n o u g h ,  
n o b o d y  c a n  c a t c h  y o u .  I f  y o u  t r y  t o  o v e r c l a s s i f y  y o u r  r e s e a r c h ,  y o u  
m a y  s l o w  i t  d o w n  s o  i t ' s  u n s u c c e s s f u l .  I t ' s  a l i t t l e  l i k e  t h a t .  T h a t ' s  
on  t h e  c l a s s i f i e d  s i d e .  

N o w ,  c o m i n g  to  t h e  g e n e r a l  p i c t u r e ,  r i g h t  n o w  we  h a v e  a n  a g r e e -  
m e n t  b e t w e e n  t h e  D e p a r t m e n t  o f  C o m m e r c e  a n d  o u r s e l v e s - - J o h n  
G r e e n ' s  O f f i c e  of  T e c h n i c a l  I n f o r m a t i o n - - a n d  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 - - t o  t r y  to  do  w h a t  we  c a n  to  g e t  b e t t e r  d i s s e m i n a t i o n  to  
s c i e n t i s t s  of  G o v e r n m e n t  r e p o r t s ,  t h a t  i s ,  u n c l a s s i f i e d  r e p o r t s  f r o m  
G o v e r n m e n t  a g e n c i e s .  T h e  D e p a r t m e n t  of  C o m m e r c e  w i l l  do  t h i s  f o r  
t e c h n i c a l  i n f o r m a t i o n  a n d  we  w i l l  h a n d l e  t h e  b a s i c  s i d e .  So t h a t  i s  
a m o v e  in  t h e  g e n e r a l  d i r e c t i o n  of  b e t t e r  d i s s e m i n a t i o n .  

T h e  m o s t  t r o u b l e s o m e  p F o b l e m  r i g h t  n o w  i s  t h e  t r a n s l a t i o n  of  
R u s s i a n  s c i e n t i f i c  a n d  t e c h n i c a l  l i t e r a t u r e ,  b e c a u s e  v e r y  f e w  of  o u r  
p e o p l e  r e a d  R u s s i a n .  T h e  p e o p l e  w h o  c a n  r e a d  i t  i n t e l l i g e n t l y  i n  
s c i e n c e  a n d  t e c h n o l o g y  a n d  t r a n s l a t e  i t  w e l l  a r e  f e w  i n  n u m b e r  a n d  a r e  
a p t  t o  b e  b u s y  w i t h  o t h e r  t h i n g s .  So we  h a v e  b e e n  m a k i n g  a d e t e r m i n e d  
e f f o r t  t o  t r y  t o  g e t  t h e  m o s t  n e e d e d  i t e m s  t r a n s l a t e d .  We h a v e  b e e n  
s u p p o r t i n g  t h e  t r a n s l a t i o n  of  t h e  m a j o r  p u b l i c a t i o n s  in  p h y s i c s  b y  a 
c o n t r a c t  w i t h  t h e  A m e r i c a n  I n s t i t u t i o n  of  P h y s i c s .  I t ' s  b e i n g  e x t e n d e d  
a n d  we  h o p e  t h i s  w i l l  c o v e r  o t h e r  f i e l d s  o f  s c i e n c e  v e r y  s h o r t l y .  A l l  
t h i s  i s  a v e r y  l a r g e  a n d  t r o u b l e s o m e  s u b j e c t .  Y o u  k n o w , h o w  i t  i s  i n  
t h e  D e p a r t m e n t  o f  D e f e n s e .  A l l  we  c a n  do  i s  to  t r y  to  do  t h e  b e s t  we  
c a n .  

Q U E S T I O N :  I h a v e  t w o  r e l a t e d  q u e s t i o n s ,  D o c t o r .  Y o u  i n d i c a t e d  
t h a t  i n  t h e  b a s i c  r e s e a r c h  f i e l d ,  I b e l i e v e ,  y o u  r e v i e w e d  s o m e  p r o -  
p o s a l s  a n d  f o u n d  s o m e  p r o g r e s s  a n d  t k e  D e p a r t m e n t  d o e s  s o m e  of  t h i s  
on  i t s  o w n ,  b u t  y o u  t r y  to  k e e p  a b r e a s t  of  w h a t  o t h e r s  a r e  d o i n g .  W o u l d  
i t  be  b e t t e r  if  t h i s  b a s i c  r e s e a r c h ,  w h i c h  h a s  n o  d i r e c t e d  e n d  u s e ,  w e r e  
a l l  p u t  u n d e r  y o u r  w i n g ?  

D R .  W A T E R M A N :  No .  
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QUESTION: The  s e c o n d  q u e s t i o n  is  th i s :  We h a v e  b e e n  s e v e r e l y  
c r i t i c i z e d  fo r  the  l a g  in  b a s i c  r e s e a r c h .  H a v e  b u d g e t a r y  r e s t r i c t i o n s  
o v e r  the  p a s t  s e v e r a l  y e a r s  f o r c e d  you  to t u r n  down p r o p o s a l s  wh ich  
you  c o n s i d e r  shou ld  h a v e  b e e n  s u p p o r t e d ?  

DR.  WATERMAN: W e l l ,  tha t  I wi l l  a n s w e r  v e r y  q u i c k l y  and  t h e n  
t u r n  to the o t h e r .  

We h a v e  b e e n  h a n d i c a p p e d ,  and so  h a v e  m o s t  of t he  r e s e a r c h  
o f f i c e s  in  the  G o v e r n m e n t .  The  r e a s o n  is  an  obv ious  one .  B a s i c  r e -  
s e a r c h  i s  m o v i n g  on the  f r o n t i e r  and you d o n ' t  know fo r  s u r e  wha t  
i t ' s  go ing  to c o m e  up wi th .  You c a n ' t  s t ake  it out c l e a r l y ,  and t h e r e -  
f o r e  i t  i s  a h a r d  th ing  to ge t  m o n e y  fo r .  In f ac t ,  one of the  d e f i n i t i o n s  
of b a s i c  r e s e a r c h ,  you m a y  have  h e a r d ,  i s  t ha t  i t ' s  the  k ind  of r e -  
s e a r c h  you  c a n ' t  ge t  funds  f o r !  

T h e  t r o u b l e  i s ,  you  s e e ,  a C o n g r e s s m a n  w a n t s  to know w h a t  
y o u ' r e  go ing  to do.  You t e l l  h i m  and h e ' l l  p i ck  out  a p r o j e c t - - y o u ' v e  
s e e n  t h i s  h a p p e n - - a n d  s ay ,  " W h a t  e a r t h l y  good is  t h i s ? "  W e l l ,  you  
c a n ' t  t e l l  h i m .  The  t i t le  m a y  sound  a b s u r d .  The  i d e a  i s  not .  But  
you  c a n ' t  t e l l  h i m  d e f i n i t e l y .  So the on ly  th ing  you h a v e  to  go on is:  
" I t ' s  l i ke  an  i n v e s t m e n t .  You d o n ' t  wan t  to put  a l l  y o u r  e g g s  in one  
b a s k e t  in  an  i n v e s t m e n t .  And wha t  l o o k s  l i ke  an a w f u l l y  good th ing  
m a y  be j u s t  the w r o n g  th ing .  " 

So what  you  do i s  m a k e  a c o m p r e h e n s i v e  p r o g r a m  c o v e r i n g  a l l  
the  k i n d s  of t h i n g s  tha t  you th ink  m i g h t  be  i n v e s t e d  in ,  s h o r t -  and 
l o n g - r a n g e  o n e s ,  and you don ' t  know tha t  a n y  one of t h e m  is  g o i n g  to 
p a y  off. You c a n ' t  know i t .  But  you  s e t  up y o u r  p r o g r a m  so  tha t  s t a -  
t i s t i c a l l y  s o m e t h i n g  does  p a y  off. And tha t  c o m e s  f r o m  v a r i o u s  p a r t s  
of the  p r o g r a m .  I n d u s t r y  k n o w s  th i s  v e r y  we l l .  So t h a t ' s  the  r e a l  
a n s w e r .  

Wel l ,  s p e c i f i c a l l y ,  in the  S c i e n c e  F o u n d a t i o n  f o r  a n u m b e r  of 
y e a r s ,  a l m o s t  s i n c e  we s t a r t e d ,  we h a v e  not  b e e n  ab le  to c o m e  a n y -  
w h e r e  n e a r  f i n a n c i n g  a l l  the  good p r o p o s a l s  tha t  c o m e  ou r  w a y .  We 
know th i s  s t a t i s t i c a l l y ,  b e c a u s e  we h a v e  to a n a l y z e  t h e m  a l l ,  a p p r a i s e  
t h e m  all;  and t hen  when  we ge t  t h r o u g h ,  we f ind tha t  of the  n u m b e r  
tha t  c o m e  to u s - - a n d  about  75 p e r c e n t  of t h e m  a r e  r e a l l y  good ,  and 
in good h a n d s - - w e ' v e  b e e n  ab le  to a w a r d  g r a n t s  o r  c o n t r a c t s  to on ly  
about  o n e - t h i r d  o r  o n e - f o u r t h .  A s i m i l a r  s i t u a t i o n  e x i s t s  in o t h e r  
a g e n c i e s .  
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So on  t h a t  t h e  a n s w e r  i s  v e r y  c l e a r .  We h a v e  n o t  h a d  n e a r l y  
e n o u g h  f u n d s .  T h e  c o u n t r y  c o u l d  s t a n d  r i g h t  n o w ,  I a m  s u r e ,  a n  i n -  
c r e a s e  of  50 p e r c e n t  m o r e  s u p p o r t  i n  b a s i c  r e s e a r c h .  I t  w o u l d  b e  a 
v e r y  f i n e  t h i n g .  

N o w  t h e  o t h e r  q u e s t i o n :  w h y  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  
s h o u l d n ' t  do  a l l  o f  t h i s .  W e l l ,  f o r  one  t h i n g ,  i t  w o u l d  b e  a g a i n s t  a l l  
t h e  i n s t i n c t s  o f  s c i e n t i s t s  t o  h a v e  o n e  a g e n c y  r e s p o n s i b i l e  f o r  a l l  r e -  
s e a r c h .  N o  a g e n c y  i s  o m n i p o t e n t  e n o u g h  to  do  a g o o d  j o b  of  t h a t .  
I t ' s  b e t t e r ,  t h e n ,  to  h a v e  a n u m b e r  of  a g e n c i e s .  

B u t  I c a n  s p e a k  f r o m  e x p e r i e n c e  t h a t  i t  i s  a v e r y  g o o d  i d e a  a n y -  
w a y .  W h e n  I w a s  w i t h  t h e  O f f i c e  of  N a v a l  R e s e a r c h  I c o u l d  s e e  t h i s .  
W h a t  a n y  a g e n c y  n e e d s ,  w h a t  t h e  D e p a r t m e n t  o f  D e f e n s e  p a r t i c u l a r l y  
n e e d s ,  i s  c l o s e  c o n t a c t  w i t h  t h e  a d v a n c e s  m a d e  i n  b a s i c  s c i e n c e  j u s t  
t o  p r o v i d e  a b e t t e r  u n d e r s t a n d i n g  of  w h a t  s c i e n c e  c a n  d o  t o w a r d  w o r k -  
i n g  o u t  t h e  d e v e l o p m e n t s  i n  w h i c h  t h e  D e p a r t m e n t  i s  i n t e r e s t e d .  T h i s  
i s  t h e  b a s i c  k n o w l e d g e  t h a t  e n a b l e s  u s  t o  m a k e  a d e c i s i o n .  I t ' l l  s a v e  
y o u  m o n e y ,  t o o ,  p l e n t y  of  t i m e s .  B a s i c  r e s e a r c h  c a n  c o m e  t h r o u g h  
h e r e  a n d  e n a b l e  a w i s e r  d e c i s i o n  to  b e  m a d e  a b o u t  w h a t  i s  f e a s i b l e  i n  
d e v e l o p m e n t .  

N o w ,  I b e l i e v e  f i r m l y  t h a t  a n  a g e n c y  c a n ' t  g e t  t h i s  i n f o r m a t i o n  
s e c o n d  h a n d .  I f  we  w e r e  to  t r y  to  do  i t ,  i n  t h e  F o u n d a t i o n ,  t h e n  y o u  
w o u l d  h a v e  to a p p o i n t  a l i a i s o n  o f f i c e r  w i t h  u s ,  o r  s o m e t h i n g  l i k e  t h a t .  
T h e n  e v e n  w i t h  t h e  b e s t  i n t e n t i o n s ,  t h a t  c o n t a c t  w o u l d  g e t  w o r s e  a n d  
w o r s e ,  a n d  y o u  w o u l d n ' t  be  g e t t i n g  i t  i n  t h e  b e s t  f o r m .  We  in  t h e  
F o u n d a t i o n  w o u l d n ' t  k n o w  y o u r  p r o b l e m s  w e l l  e n o u g h  to  do  a g o o d  j o b ,  
f o r  o n e  t h i n g ;  a n d  n o  l i a i s o n  o f f i c e r  c o u l d  r e a l l y  m a k e  a go  of  t h a t  f o r  
v e r y  l o n g .  In  o t h e r  w o r d s ,  I b e l i e v e  a n  a g e n c y  s h o u l d  h a v e  t h i s  i n -  
f o r m a t i o n  f i r s t  h a n d  a n d  n o t  s e c o n d  h a n d .  

I s e e m  to  be  f u l l  o f  r a d a r  t h i s  m o r n i n g ,  b u t  l e t  m e  g i v e  y o u  a n  
i l l u s t r a t i o n  of  t h e  i m p o r t a n c e  o f  b a s i c  r e s e a r c h  t o  a m i l i t a r y  p r o j e c t  
d u r i n g  t h e  w a r .  I t ' s  a r e a l l y  c l a s s i c a l  i n s t a n c e  of  w h e r e  t h e  i n a b i l i t y  
t o  c a r r y  o n  t h e  b a s i c  r e s e a r c h  a d e q u a t e l y  a t  t h e  t i m e  c o s t  t h e  c o u n t r y  
a g r e a t  d e a l  of  m o n e y  a n d  r e t a r d e d  a d e v e l o p m e n t  w h i c h  w a s  q u i t e  
p r o m i s i n g .  

T h e  f i r s t  r a d a r  d e v e l o p e d  w a s ,  a s  y o u  k n o w ,  t h e  1 0 - c e n t i m e t e r  b a n d .  
T h e n  t h e  w a v e  l e n g t h  w a s  m o v e d  d o w n  to  t h r e e  c e n t i m e t e r s ,  b e c a u s e  
t h a t  g o t  b e t t e r  d e f i n i t i o n .  T h e n  t h e  n e x t  s t e p  w a s  to  s e e  i f  o n e  c o u l d n ' t  
g o  f u r t h e r  a n d  m a k e  a s t i l l  s h o r t e r  w a v e  l e n g t h ,  t h e  K - b a n d ,  a b o u t  o n e  
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c e n t i m e t e r .  T h i s  w a s  p r o j e c t i n g  a h e a d  to  s e e  w h a t  t h e  s t a t e  of  t h e  a r t  
c o u l d  do .  T h e  p r e d i c t i o n  s e e m e d  f a v o r a b l e .  Y o u  c o u l d  s e e  t h a t  f r o m  
t h e  d e f i n i t i o n  i m p r o v e m e n t  f r o m  t h e  1 0 - c e n t i m e t e r  to  t h e  3. W e l l ,  
t h e y  s e t t l e d  on  a b o u t  o n e  c e n t i m e t e r  a n d  w e n t  a h e a d  w i t h  t h e  d e v e l o p -  
m e n t .  

W h e n  t h e  t h i n g  w a s  p e r f e c t e d ,  i t  w a s  f o u n d  t h a t  t h e  r a n g e  w a s  
v e r y  l i m i t e d .  I t  c o u l d  h a r d l y  g o  a n y  d i s t a n c e  a t  a l l .  T h e  a n s w e r  h a p -  
p e n e d  to  b e  t h a t  t h i s  p a r t i c u l a r  w a v e  l e n g t h  r a n  i n t o  a n  a b s o r p t i o n  b a n d ,  
a s  t h e  p h y s i c i s t s  c a l l  i t ,  o f  w a t e r  v a p o r  i n  t h e  a i r .  So a n y  w a t e r  v a p o r  
i n  t h e  a i r  a b s o r b e d  t h e s e  w a v e s  and  t h e y  w o u l d n ' t  go  a n y  a p p r e c i a b l e  
d i s t a n c e  a t  a l l .  

W e l l ,  t h e r e  w a s  a d e v e l o p m e n t  t h a t  c o s t  t e n s  o f  m i l l i o n s  of  d o l l a r s  
f o r  t h e  p r o d u c t i o n  of  e q u i p m e n t ,  a n d  w h e n  i t  w a s  f i n i s h e d ,  i t  c o u l d n ' t  
e v e n  do  t h e  j o b  i t  w a s  i n t e n d e d  to  do .  I f  t h e r e  h a d  b e e n  t i m e  t o  go.Lrl to 
b a s i c  r e s e a r c h - - t h i s  w a s  d u r i n g  t h e  w a r ;  s o  t h e r e  w a s n ' t - - t h i s  m a t t e r  
c o u l d  h a v e  b e e n  e x p l o r e d  b y  b a s i c  r e s e a r c h  m e t h o d s  to  f i n d  w h a t  t h e r e  
w a s  in  t h e  a i r  a n d  h o w  i t  a f f e c t e d  t h e s e  s h o r t  w a v e s ;  a n d  t h e n  a c h a n g e  
of  h a l f  a c e n t i m e t e r  w o u l d  h a v e  m a d e  t h e  t h i n g  a l l  r i g h t .  

I s e e m e d  to  g e t  e l o q u e n t  on  t h a t  o n e ,  b u t  I r e a l l y  t h i n k  t h a t  a n  
a g e n c y  s h o u l d  h a v e  t h e  r i g h t  t o  do  i t s  o w n  b a s i c  r e s e a r c h .  B u t  n o t i c e  
t h a t  t h e  E x e c u t i v e  o r d e r  s a y s  " i n  f i e l d s  c l o s e l y  r e l a t e d  to  i t s  m i s s i o n "  
a n d  t h a t  m a k e s  s e n s e ,  b e c a u s e  t h e n  y o u  c a n  d e f e n d  i t  i n  t h e  b u d g e t .  

Q U E S T I O N :  I a m  c o n c e r n e d  a b o u t  t h e  a l l o c a t i o n  of  t h e  a v a i l a b l e  
s c i e n t i s t s ,  e s p e c i a l l y  t h o s e  a t  u n i v e r s i t i e s .  S i n c e  W o r l d  W a r  I I  we  
h a v e  h a d  a t r e m e n d o u s  i n c r e a s e  i n  t h e  c o n t r a c t s  l e t  b y  t h e  D e p a r t m e n t  
of  D e f e n s e ,  v e r y  l a r g e l y  w i t h  u n i v e r s i t i e s ,  f o r  b a s i c  r e s e a r c h .  Y e t  
w e  h e a r  n o w  t h a t  we  do  n o t  h a v e  e n o u g h  s c i e n c e  t e a c h e r s  to  t e a c h  
s c i e n c e  in  o u r  u n i v e r s i t i e s .  I s  t h a t  a p r o b l e m  of  t h e  d i v e r s i o n  of  t h e  
a v a i l a b l e  p r o f e s s o r s  t o  c o n t r a c t s  f o r  r e s e a r c h  and  a w a y  f r o m  t e a c h i n g ,  
s o  t h a t  t h e r e f o r e  t h e  s t u d e n t s  d o n ' t  g e t  e n o u g h  t e a c h i n g ?  O r  a m  I 
b r i n g i n g  u p  a p r o b l e m  w h i c h  d o e s  n o t  e x i s t - - t h e  d i v e r s i o n  of  s c i e n c e  
p r o f e s s o r s  a n d  s o m e  o t h e r  t a l e n t  t o  G o v e r n m e n t  w o r k  to  t h e  d e t r i m e n t  
of  s t u d e n t s  ? 

D R .  W A T E R M A N :  T h a t ' s  a g o o d  q u e s t i o n .  I t  d o e s n ' t  h a v e  a v e r y  
s i m p l e  a n s w e r .  I t  c o u l d  b e ,  u n l e s s  t h e r e  w e r e  s p e c i a l  c i r c u m s t a n c e s ,  
t h a t  a g i v e n  m a n  w h o  h a s  a G o v e r n m e n t  r e s e a r c h  c o n t r a c t  m i g h t  g e t  
o u t  o f  t e a c h i n g  t o o  m u c h .  T h e r e  a r e  t w o  w a y s  of  m e e t i n g  t h e  s i t u a t i o n =  
O n e  i s  t h a t  t h e  u n i v e r s i t y  h a s  t o  w a t c h  o u t  a n d  s e e  t h a t  t h i s  d o e s n ' t  
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h a p p e n  to  t o o  g r e a t  a d e g r e e .  T h e  o t h e r  i s  t h e  a t t i t u d e  of  t h e  a g e n c y  
i t s e l f .  I f  i t  o p e r a t e s  w i s e l y ,  i t  w o u l d  k n o w  s o m e t h i n g  a b o u t  t h e  s i t u -  
a t i o n  i n  a p p r a i s i n g  t h e  p r o j e c t  a n d  a s k  t h e  u n i v e r s i t y ,  " A r e n ' t  y o u  
r e a l l y  t a k i n g  t h i s  m a n  a n d  p u t t i n g  t o o  m u c h  of  h i s  t i m e  on  r e s e a r c h ? "  
T h a t ' s  t h e  a n s w e r  t o  t h e  f i r s t  q u e s t i o n .  

N o w ,  t h e  s e c o n d  i s  o n e  t h a t  I s h o u l d  l i k e  to  d i s c u s s  a n d  I a m  
g l a d  y o u  a s k e d  t h a t  q u e s t i o n .  T h i s  s i t u a t i o n ,  e v e n  a t  t h e  w o r s t ,  i s  
n o t  a s  b a d  a s  o n e  f e a r s ,  f o r  t h i s  r e a s o n :  T h e  w a y  a p r o f e s s o r  a t  a 
u n i v e r s i t y  w o r k s  i n  r e s e a r c h  i s  t h i s :  A s  s o o n  a s  h e  g e t s  a n y  s t a t u r e  
a t  a l l ,  h e  g e t s  a n u m b e r  of  g r a d u a t e  s t u d e n t s  t o  w o r k  o n  p a r t i c u l a r  
p r o b l e m s  t h a t  h e  o u t l i n e s  f o r  t h e m  and  l e t s  t h e m  g o  t o  w o r k  o n  t h e i r  
o w n .  So e a c h  g o o d  r e s e a r c h  m a n  o n  t h e  u n i v e r s i t y  f a c u l t y  w i l l  h a v e  
s o m e  t e a c h i n g .  T h i s  w i l l  u s u a l l y  b e  a d v a n c e d  t e a c h i n g  w h e r e  h e  i s  
a s p e c i a l i s t ,  b e c a u s e  h e ' s  in  t h e  g r a d u a t e  s c h o o l .  H e ' l l  w a n t  t h a t  
a n y w a y ,  a n d  h e ' l l  h o l d  on  to  i t ,  b e c a u s e  h e  f e e l s  t h a t  t h i s  k e e p s  h i m  
f r e s h  a n d  in  c o n t a c t  w i t h  s t u d e n t s .  

T h e n  h e  w i l l  m a p  ou t ,  s a y ,  d u r i n g  t h e  s u m m e r  o r  s o m e  f r e e  t i m e  
r e s e a r c h  p r o b l e m s  t h a t  h e  t h i n g s  a r e  f e a s i b l e  a n d  g o o d .  T h e n  h e  g e t s  
g r a d u a t e  s t u d e n t s ,  if  h e  c a n ,  t o  w o r k  o n  t h o s e .  So h e  e n d s  b y  h a v i n g - -  
d e p e n d i n g  o n  t h e  k i n d  of  w o r k  t h a t  h e  d o e s  a n d  on  t h e  c a p a c i t y  h e  h a s  
f o r  t h i s - - a n y w h e r e  f r o m  o n e  o r  t w o  to  t e n  o r  a d o z e n  g r a d u a t e  s t u -  
d e n t s  w o r k i n g  u n d e r  h i s  d i r e c t i o n .  

T h i s  t a k e s  v e r y  l i t t l e  of  h i s  t i m e .  A l l  he  d o e s  i s  o u t l i n e  t h e  p r o b -  
l e m .  T h e y ' r e  s u p p o s e d  t o  w o r k  on  i t  on  t h e i r  o w n .  I f  t h e y  c a n ' t  do  
i t  on  t h e i r  o w n ,  t h e y  d o n ' t  g e t  t h e i r  d e g r e e .  So t h i s  t a k e s  a l i m i t e d  
a m o u n t  o f  h i s  t i m e .  I n  o t h e r  w o r d s ,  w h e n  h e  c o m e s  i n  w i t h  a p r o g r a m  
f o r  s u p p o r t  f r o m  t h e  G o v e r n m e n t ,  " i t  i s  p r o b a b l y  on  s o m e  a d d i t i o n a l  
p r o b l e m  f o r  w h i c h  h e  n e e d s  m o n e y ,  and  h e ' s  g o i n g  to  g e t  a g r a d u a t e  
s t u d e n t  t o  w o r k  on  i t .  I t  w o n ' t  t a k e  b u t  a s m a l l  a m o u n t  of  h i s  t i m e .  
So i t  d o e s n ' t  h a v e  t h e  e f f e c t  t h a t  y o u  m e n t i o n e d  a t  a l l .  

QUESTION: I a m  a l i t t l e  m o r e  p e r t u r b e d  a b o u t  f r e s h m e n  and  
s o p h o m o r e s .  I t  s e e m s  to  m e  t h a t  t h e y  w o u l d  h a v e  a n  i n t e r e s t  i n  i t .  

DR. WATERMAN: S u c h  a m a n ,  i f  h e ' s  r e a l l y  g o o d  a t  r e s e a r c h ,  
s e l d o m  d o e s  m u c h  t e a c h i n g  of  f r e s h m e n  a n d  s o p h o m o r e s .  He  m a y ,  
d e p e n d i n g  on  t h e  p o l i c y  of  t h e  i n s t i t u t i o n ,  t e a c h  a c l a s s  i n  f r e s h m a n  
a n d  s o p h o m o r e  w o r k .  B u t  h e  w o n ' t  b e  g i v e n  a m a j o r  r e s p o n s i b i l i t y  
f o r  t e a c h i n g  t h e  e n t i r e  s u b j e c t  o r  b e  m a d e  h e a d  o f  t h e  w h o l e  w o r k s  o r  
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the  e l e m e n t a r y  d e p a r t m e n t .  You s e e ,  h e ' s  not  a t  tha t  l e v e l .  H e ' s  on 
r e s e a r c h ,  w h i c h  is  a h i g h e r ,  m o r e  a d v a n c e d  p l a n e .  V e r y  of ten  h e ' s  

no t  v e r y  m u c h  good at  t e a c h i n g  b e g i n n e r s .  

So tha t  b r i n g s  out  the  o t h e r  s i de  of y o u r  po in t  w h i c h  I w a n t e d  to 
m e n t i o n ,  n a m e l y ,  t ha t  t h e r e  is  a d i f f e r e n c e ,  not  s h a r p ,  b e t w e e n  t h o s e  
who s p e c i a l i z e  in t e a c h i n g  in  c o l l e g e s  and u n i v e r s i t i e s  and t h o s e  who  
s p e c i a l i z e  in r e s e a r c h .  M o s t  do a l i t t l e  of both .  S o m e  do a g r e a t  dea l  
of r e s e a r c h ,  c o n c e n t r a t e  t h e r e  b e c a u s e  t h a t ' s  w h e r e  t h e i r  a b i l i t y  l i e s ,  
and a l m o s t  no u n d e r g r a d u a t e  t e a c h i n g .  O t h e r s  do t h e i r  s h a r e  and do 
the  r e s e a r c h  tha t  t h e y  h a v e  t i m e  for ;  but  tha t  i s n ' t  the  m a j o r  p a r t  of 
t h e i r  t i m e .  St i l l  o t h e r s  a r e  t h e r e  on ly  to t e a c h  the  e l e m e n t a r y  p e o p l e .  
T h e y ' r e  u s u a l l y  the o n e s  tha t  h a v e  c h a r g e  of the  who le  p r o g r a m  of 
e l e m e n t a r y  t e a c h i n g .  T h e y  do a l m o s t  no r e s e a r c h .  T h e y  j u s t  d o n ' t  

h a v e  t i m e .  So t h a t ' s  wha t  h a p p e n s  h e r e .  

QUESTION: I h a v e  two q u e s t i o n s .  One i s ,  c an  you  t e l l  us  wha t  
i s  the  e x t e n t  of the  f i n a n c i a l  r e s o u r c e s  a v a i l a b l e  fo r  g r a n t s  to r e s e a r c h  
i n s t i t u t i o n s  fo r  s c i e n t i s t s 7  The  o t h e r  i s ,  What  i s  the  m e c h a n i s m  by  
w h i c h  a s c i e n t i s t  c a n  be a s s u r e d  tha t  he h a s  a l l  the  a v a i l a b l e  b a s i c  
r e s e a r c h  k n o w l e d g e  on h i s  s u b j e c t  w h e n  t h e r e  a r e  so m a n y  t h o u s a n d s  
of r e s e a r c h  i n s t i t u t i o n s  a l l  o v e r  the  Un i t ed  S t a t e s ,  and the  w o r l d  f o r  
t ha t  m a t t e r ?  How c a n  he  l a y  h a n d s  on a l l  the  a v a i l a b l e  i n f o r m a t i o n 7  
Wha t  i s  the  m e c h a n i s m  by  w h i c h  you a s s u r e  h i m  of t h a t ?  

DR. WATERMAN: On the  f i r s t  one ,  our  p r e s e n t  b u d g e t - - a n d  t h i s  
i s  ou r  s e v e n t h  y e a r  of the  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 - - i s  $40 m i l l i o n .  
T h e  P r e s i d e n t  app l i ed  fo r  $65 m i l l i o n  fo r  th i s  y e a r ,  bu t  we r a n  in to  
a b u d g e t  s q u e e z e  l a s t  y e a r ;  and so we w e r e  kep t  w h e r e  w~ w e r e .  I t  
w a s  $40 m i l l i o n  l a s t  y e a r  too.  Of tha t  a l i t t l e  o v e r  o n e - t h i r d  g o e s  to  
the  s u p p o r t  of b a s i c  r e s e a r c h  of the k ind you m e n t i o n e d ,  and about  
o n e - t h i r d  g o e s  to  the  t r a i n i n g  of s c i e n t i s t s ,  w h i c h  is  now so i m p o r t a n t .  
We s t a r t e d  tha t  s o m e  y e a r s  ago.  T h e  r e m a i n d e r  i s  m a i n l y  a s e p a r a t e  
i t e m ,  tha t  we h a v e  s e p a r a t e d  out  f r o m  b a s i c  r e s e a r c h  in  g e n e r a l .  
T h e s e  a r e  c a p i t a l  r e s e a r c h  f a c i l i t i e s ,  of w h i c h  the  o u t s t a n d i n g  one at  
the  m o m e n t  i s  the  c o n s t r u c t i o n  of the r a d i o - a s t r o n o m y  t e l e s c o p e  at  
G r e e n b a n k ,  W e s t  V i r g i n i a ,  wi th  a 140- foo t  d i sh ,  w h i c h  wi l l  c o s t  
a r o u n d  $5 m i l l i o n .  T h i s  i t e m ,  w h i c h  c o m e s  out  of funds  fo r  r e s e a r c h ,  

c o n s t i t u t e s  the  m a j o r  p a r t  of t h o s e  funds .  

Now,  on y o u r  o t h e r  q u e s t i o n ,  it  s e e m s  a p p a l l i n g  when  you look  at  
the  n u m b e r  of s c i e n t i f i c  p a p e r s  and r e p o r t s  tha t  c o m e  out.  But  t h i s  
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a v e r y  g o o d  o n e .  B r o o k h a v e n  N a t i o n a l  L a b o r a t o r y  u n d e r  t h e  A E C  h a s  
a 2 5 - b i l l i o n  m a c h i n e  u n d e r  c o n s t r u c t i o n .  T h e  R u s s i a n s  h a v e  a 5 0 -  
b i l l i o n  m a c h i n e  u n d e r  c o n s t r u c t i o n .  And  t h a t ' s  a s  f a r  a s  w e ' v e  g o n e .  
W e  h a v e n ' t  y e t  t a k e n  t h e  n e x t  s t e p ,  b u t  y o u  c a n  b e  s u r e  t h a t  R u s s i a  i s  
m a k i n g  p l a n s .  

So t h i s  i s  a v e r y  i m p o r t a n t  t h i n g  to  c o n t i n u e  a n d  y e t  t h e s e  t h i n g s  
a r e  v e r y  c o s t l y .  T h e  o n e s  c o n t e m p l a t e d  f o r  t h e  i m m e d i a t e  f u t u r e  m a y  
c o s t  $ 1 0 0  m i l l i o n  o v e r  a p e r i o d  of  f i v e  o r  s i x  y e a r s .  N o t i c e  t h a t  t h i s  
i s  b a s i c  r e s e a r c h .  So t h e r e  i s  a q u e s t i o n  t h a t  I w o u l d  a s k  to  w h i c h  t h e  
a n s w e r  i s  u n c e r t a i n :  H o w  m u c h  m o n e y  w o u l d  we  n e e d  f o r  t h e s e  c a p i t a l  
f a c i l i t i e s 7  Y o u  h a v e  to  f a c e  it;  w e ' l l  n e e d  a l o t .  

W e l l ,  t h o s e  a r e  s o m e  o f  t h e  t h i n g s  t h a t  t h e  F o u n d a t i o n  w o u l d  b e  
i n t e r e s t e d  in .  I n c i d e n t l y  I t h i n k  y o u  m a y  h a v e  s e e n  in  t h e  p a p e r  t h i s  
m o r n i n g  t h a t  w e ' v e  b e e n  g i v e n  t h e  o ld  A E C  b u i l d i n g  f o r  a n  o f f i c e  c o m i n g  
up  i n  t h e  s p r i n g .  T h a t  w i l l  e n a b l e  t he  t h r e e  b r a n c h e s  o f  t h e  F o u n d a t i o n ,  
n o w  s c a t t e r e d  a r o u n d  W a s h i n g t o n ,  to  g e t  t o g e t h e r  a g a i n .  

Q U E S T I O N :  G o i n g  b a c k  to  t h e  c l a s s i f i c a t i o n  q u e s t i o n  b u t  f o r  a n a l y -  
s i s  p u r p o s e s ,  t h e  n e w s p a p e r s  h a v e  b e e n  r e p o r t i n g  a n  a p p a r e n t  c o n f l i c t  
b e t w e e n  E n g l a n d  a n d ,  I b e l i e v e ,  t h e  U n i t e d  S t a t e s  o v e r  t h e  r e l e a s e  of  
d i s c o v e r i e s  i n  t h e  c o n t r o l  of  t h e  f u s i o n  p r o c e s s .  C a n  y o u  t e l l  u s  w h a t  
p o s i t i o n  we  s h o u l d  t a k e ?  S h o u l d  we  r e l e a s e  t h i s ,  o r  a r e  we  r i g h t  i n  
o p p o s i n g  t h e  r e l e a s e  of  t h i s  i n f o r m a t i o n ?  

D R .  W A T E R M A N :  I d o n ' t  k n o w  e n o u g h  a b o u t  t h e  d e t a i l s  of  t h a t  
s t o r y  to  r e a l l y  c o m m e n t  on  i t .  I t h i n k  i t  w o u l d  be  h e l p f u l  i f  b o t h  
E n g l a n d  a n d  t h e  U n i t e d  S t a t e s  m o v e d  in  t h e  d i r e c t i o n  of  r e l e a s i n g  m o r e  
i n f o r m a t i o n .  T h a t  i s  m y  p e r s o n a l  i n c l i n a t i o n  in  t h e  m a t t e r .  B u t ,  of  
c o u r s e ,  o n e  c a n ' t  r e a l l y  d e c i d e  t h o s e  t h i n g s  w i t h o u t  g o i n g  i n t o  g r e a t  
d e t a i l .  

C A P T A I N  S T E V E N S :  We  w o u l d  l i k e  to  k e e p  y o u  h e r e  a l l  m o r n i n g ,  
b u t  I t h i n k  w e ' d  b e t t e r  c a l l  a h a l t  on  i t .  On  b e h a l f  o f  e v e r y b o d y  h e r e  
i n  t h e  C o l l e g e ,  I w a n t  to  t h a n k  y o u  f o r  p u t t i n g  a s i d e  y o u r  b u s y  d u t i e s  
a n d  c o m i n g  d o w n  h e r e  a n d  g i v i n g  u s  a c l e a r ,  c o n c i s e ,  and  f i r s t - h a n d  
v i e w  of  w h a t  y o u r  F o u n d a t i o n  i s  d o i n g  and  t h e  s t a t e  of  s c i e n c e  in  g e n -  
e r a l  in  t h e  U n i t e d  S t a t e s .  I w a n t  t o  t h a n k  y o u  v e r y  m u c h ,  D r .  W a t e r m a n .  
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