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Alan T. Wa te rman ,  D i r e c t o r  of the Nat ional  Science Foundat ion,  
was born  in Cornwal l -on -Hudson ,  New York,  on 4 June 1892. He 
r e c e i v e d  his  A .B .  and Ph.  D. deg rees  f rom P r i n c e t o n  U n i v e r s i t y  in 
1913 ~d , .1916  r e s p e c t i v e l y .  He holds h o n o r a r y  deg rees  of Doctor  of 
Sc ience  f rom Tufts  College,  N o r t h e a s t e r n  Un ive r s i t y ,  U n i v e r s i t y  of 
Akron,  and Notre  Dame Un ive r s i t y .  He holds h o n o r a r y  deg rees  of 
Doctor  of Laws f rom Corne l l  College,  Mount Vernon,  Iowa; A m e r i c a n  
Un ive r s i ty ;  U n i v e r s i t y  of Chat tanooga;  U n i v e r s i t y  of Michigan,  Uni-  
v e r s i t y  of Cincinnat i ;  and the Un ive r s i t y  of Ca l i fo rn ia .  Dur ing  World 
War I, Dr.  W a t e r m a n  r o s e  to the r a n k  of 1st l i eu tenan t  and s e r v e d  with 
the Office of Scient i f ic  R e s e a r c h  and Development  dur ing  World War 
II. He has been  awarded  the Medal for  Mer i t ,  the Captain  Rober t  
Dexter  Conrad  Award,  the P r i n c e t o n  Class  M e m o r i a l  Cup, and the 
Nat ional  Academy  of Sc i ences '  Public  WeLfare Medal  in r ecogn i t i on  
of his public  and sc ien t i f i c  con t r ibu t ions .  Dr.  W a t e r m a n  is ac t ive  in 
numerous  sc ien t i f i c  o rgan iza t i ons  and soc i e t i e s ,  as wel l  as s e r v i n g  
on s e v e r a l  na t ional  sc ien t i f i c  o rgan iza t ions ,  including the P r e s i d e n t ' s  
Science A d v i s o r y  Commi t t ee ,  as a m e m b e r  or  consul tan t .  This  is  
Dr .  W a t e r m a n ' s  seventh  l e c tu r e  at the Indus t r i a l  Col lege .  
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G E N E R A L  MUNDY: In o u r  s t u d y  of the r e l a t i o n s h i p  of r e s o u r c e s  
to n a t i o n a l  s e c u r i t y ,  I f e e l  that  i t  is  e s s e n t i a l  that  we e x a m i n e  o u r  
p o s i t i o n  in the  a l l - i m p o r t a n t  a r e a  of b a s i c  r e s e a r c h .  Our  l e a d e r s h i p  
in the w o r l d  t o d a y  i s  d e p e n d e n t ,  a m o n g  o t h e r  th ings ,  upon the  s t a t u r e  
of o u r  s c i e n t i f i c  e f fo r t ,  as  you  know; and it c e r t a i n l y  is  ev iden t  tha t  
w e ' v e  got to l ook  f a r  b e y o n d  ou r  p r e s e n t  s c i e n t i f i c  h o r i z o n s  if  we a r e  
go ing  to m a i n t a i n  tha t  l e a d e r s h i p .  

Th i s  n a t i o n a l  s c i e n t i f i c  r e s e a r c h  e f fo r t  i s  a v e r y  l a r g e  and a v e r y  
c o m p l e x  th ing ,  and it  i s  n e b u l o u s .  In o r d e r  to e n h a n c e  o u r  a p p r e c i a -  
t ion  of b a s i c  r e s e a r c h  as  a n a t i o n a l  r e s o u r c e ,  the  C o l l e g e  has  s e c u r e d  
f o r  you t o d a y  D r .  Alan  T. W a t e r m a n ,  who is  the  D i r e c t o r  of the  N a t i o n -  
al  S c i e n c e  F o u n d a t i o n .  

As the  head  of th i s  n a t i o n a l  r e s e a r c h  a g e n c y ,  D r .  W a t e r m a n  
o c c u p i e s  a v e r y  unique  and a m o s t  i m p o r t a n t  pos t ,  and he  p l a y s  a v e r y  
v i t a l  r o l e  in  o u r  p r e p a r e d n e s s  p o s t u r e .  

Th i s  i s  h is  s e v e n t h  a p p e a r a n c e  on the  C o l l e g e  p l a t f o r m  as  a l e c -  
t u r e r ,  and he has  a l w a y s  shown  an a c t i v e  i n t e r e s t  in the C o l l e g e .  

D r .  W a t e r m a n ,  it  i s  a p l e a s u r e  to w e l c o m e  you b a c k  to the  Co l -  
l e g e  f o r  th i s  v e r y  i m p o r t a n t  l e c t u r e .  

G e n t l e m e n ,  I am s u r e  you wi l l  en joy  i t .  Dr .  W a t e r m a n .  

DR. W A T E R M A N :  G e n e r a l  Mundy,  M e m b e r s  of the I n d u s t r i a l  
C o l l e g e :  Th i s  a n n u a l  v i s i t  of ~ i n e  s e e m s  to be b e c o m i n g  a t r a d i t i o n  
of w h i c h  I am v e r y  p r o u d .  It s t a r t e d  y e a r s  ago,  when  I was  C h i e f  
S c i e n t i s t  in the  Off ice  of  N a v a l  R e s e a r c h ,  a p o s i t i o n  I he ld  b e f o r e  
j o i n i n g  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 ;  and o v e r  the  y e a r s  I h a v e  b e e n  
a s k e d  to a d d r e s s  m y s e l f  to the  s u b j e c t  of b a s i c  r e s e a r c h ,  one of the  
p r i m a r y  jobs  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  in r e l a t i o n  to n a t i o n a l  
d e f e n s e  and to the  g e n e r a l  w e l f a r e  as  w e l l .  So m y  t i t l e  w i l l  be  " B a s i c  
R e s e a r c h :  A N a t i o n a l  R e s o u r c e .  " 



%. 

i I am v e r y  happy  to g r e e t  you a g a i n  th i s  y e a r  and to e x p r e s s  m y  
a p t l r e c i a t i o n  of the  i n v i t a t i o n  to t a l k  b e f o r e  you.  

I note  tha t  t h i s  y e a r  the  l e c t u r e  on b a s i c  r e s e a r c h  h a s  b e e n  t r a n s -  
f e r r e d  to the  R e s o u r c e s  Unit ,  wh ich  s e e m s  to be a v e r y  a p p r o p r i a t e  
c a t e g o r y .  T h i s  is  r e f l e c t e d  in  the  t i t l e  of the  t a l k  as  I have  i t ,  and  i s  
a l s o  the  t i t l e  of the  N a t i o n a l  Sc i ence  F o u n d a t i o n  S tudy w h i c h  a p p e a r e d  
in 1957 b e f o r e  the  l a u n c h i n g  of the  Sputnik .  T h i s  s u b j e c t  i s  a l s o - - a n d  
I am s u r e  you know th i s  fo r  r e f e r e n c e  p u r p o s e s - - c o v e r e d  in  a r e p o r t  
by  the  P r e s i d e n t ' s  Sc i ence  A d v i s o r y  C o m m i t t e e  in  1958, " S t r e n g t h e n -  
ing  A m e r i c a n  S c i e n c e .  " 

T h e r e  i s  no q u e s t i o n  tha t  b a s i c  r e s e a r c h  i s  a n a t i o n a l  r e s o u r c e  
of m a j o r  i m p o r t a n c e ,  and the  p r o b l e m  tha t  c o n f r o n t s  us at the  p r e s e n t  
t i m e  i s  to s e e  tha t  t h i s  f ac t  is  w i d e l y  u n d e r s t o o d  and a p p r e c i a t e d .  The  
d e c a d e  and o n e - h a l f  wh ich  has  e l a p s e d  s i n c e  I f i r s t  l e c t u r e d  h e r e  h a s  
w i t n e s s e d  e n o r m o u s  g r o w t h  in the  t o t a l  r e s e a r c h  and d e v e l o p m e n t  
e f fo r t  of the  c o u n t r y ,  and e s ' pec i a l l y  in  the  d e g r e e  of p a r t i c i p a t i o n  b y  
the  F e d e r a l  G o v e r n m e n t .  

The  s u r v e y  p r o g r a m  tha t  we have  in the  F o u n d a t i o n  and a r e  
e x p e c t e d  to conduct ,  in a c o m p a r i s o n  of the  y e a r  1953-54 wi th  She y e a r  
1957-58,  i n d i c a t e s  t ha t  b e t w e e n  t h e s e  y e a r s  r e s e a r c h  and d e v e l o p m e n t  
funds  a p p r o x i m a t e l y  doubled,  go ing  f r o m  $5 .2  b i l l i o n  to $10 b i l l i o n .  
T h i s  i s  na t i onwide .  B a s i c  r e s e a r c h  funds  r o s e  f r o m  about  $430 m i l -  
l i on  to m o r e  than  $830 m i l l i o n ,  an i n c r e a s e  of 93 p e r c e n t .  P r e l i m i n -  
a r y  e s t i m a t e s  for  1959-60 i nd i ca t e  an R.  ~ D. t o t a l  of $12 b i l l i o n  f o r  the  
c o u n t r y ,  and, by  e x t r a p o l a t i o n ,  a b a s i c  r e s e a r c h  t o t a l  of about  $1 
b i l l i on .  

T h r o u g h o u t  the l a s t  few y e a r s  b a s i c  r e s e a r c h  has  r e p r e s e n t e d  
about  8 p e r c e n t  of the  e s t i m a t e d  to t a l  R. & D. funds .  F o u n d a t i o n  
s t u d i e s  have  g r o u p e d  the  p r i n c i p a l  o r g a n i z a t i o n s  e n g a g e d  in  r e s e a r c h  
and d e v e l o p m e n t  by  four  s e c t o r s :  the  F e d e r a l  G o v e r n m e n t ,  i n d u s t r y ,  
c o l l e g e s  and u n i v e r s i t i e s ,  and o t h e r  nonpro f i t  i n s t i t u t i o n s .  " O t h e r  
nonpro f i t  i n s t i t u t i o n s "  i nc lude  the  F e d e r a l  c o n t r a c t  r e s e a r c h  c e n t e r s ,  
l i ke  the n a t i o n a l  l a b o r a t o r i e s  of the  AEC,  wh ich  a r e  a d m i n i s t e r e d  by 
i ndependen t  o r g a n i z a t i o n s .  

T h e r e  a r e  i m p o r t a n t  d i f f e r e n c e s  b e t w e e n  the  four  s e c t o r s  as  
s o u r c e s  of funds  and as  p e r f o r m e r s  of r e s e a r c h  and d e v e l o p m e n t .  



T h u s ,  wh i l e  the  F e d e r a l  G o v e r n m e n t  i s  the  s o u r c e  of m o r e  than  ha l f  
of a l l  the  b a s i c  r e s e a r c h  funds ,  i t  p e r f o r m s  on ly  about  13 p e r c e n t  of 
the  t o t a l  in  i t s  own l a b o r a t o r i e s .  T h i s  i s  a v e r y  i m p o r t a n t  c o n t r i b u -  
t ion ,  i n c i d e n t a l l y .  C o l l e g e s  and u n i v e r s i t i e s ,  wh ich  p r o v i d e  on ly  13 
p e r c e n t  of the  t o t a l  in funds ,  p e r f o r m  47 p e r c e n t .  The  r a t i o  in  i n d u s -  
t r y  i s  c l o s e r - - 3 0  and 33 p e r c e n t ,  r e s p e c t i v e l y - - b u t  the  l a t t e r  f i g u r e  
shou ld  be  no ted  wi th  cau t ion ,  b e c a u s e  t h e r e  i s  a l i t t l e  d i f f i cu l ty  in  the  
p r o b l e m  of de f in i t i on .  Much of what  i n d u s t r y  c a l l s  b a s i c  r e s e a r c h - -  
o r  s o m e  i n d u s t r i e s  in  p a r t i c u l a r - - i s  not b a s i c  in  the  s a m e  s e n s e  tha t  
the  u n i v e r s i t i e s  def ine  b a s i c  r e s e a r c h .  

I n d u s t r y  r e p o r t s  tha t  about  4 p e r c e n t  of the  funds  expended  in  i t s  
p e r f o r m a n c e  of r e s e a r c h  and d e v e l o p m e n t  a r e  for  b a s i c  r e s e a r c h ,  
wh i l e  in  the  F e d e r a l  G o v e r n m e n t ,  e s t i m a t e d  funds  fo r  t h i s  p u r p o s e  fo r  
the  f i s c a l  y e a r s  1959 and 1960 r e p r e s e n t ,  a s  I sa id ,  about  8 p e r c e n t  
of the  t o t a l  funds  fo r  conduct  of R .  ~ D. 

It i s  t h i s  r e l a t i v e  a p p o r t i o n m e n t  of e f fo r t  a s  be tween  b a s i c  r e -  
s e a r c h  and r e s e a r c h  and d e v e l o p m e n t  tha t  c o n c e r n s  us r a t h e r  m o r e  
t h a n  the  t o t a l  a m o u n t  of funds  a v a i l a b l e ,  It i s  i m p o r t a n t  to have  t h i s  
b a l a n c e  j u s t i f i a b l e  and e f f e c t i v e .  

A l though  i n d u s t r y  as  a whole  r e p o r t s  about  4 p e r c e n t  of i t s  funds  
expended  in  the  p e r f o r m a n c e  of r e s e a r c h  and d e v e l o p m e n t  fo r  b a s i c  
r e s e a r c h ,  i t  i s  s i g n i f i c a n t  tha t  in  i n d u s t r i e s  wi th  a h igh  r a t e  of g r o w t h  
b a s i c  r e s e a r c h  e x p e n d i t u r e s  a r e  m u c h  h i g h e r .  F o r  e x a m p l e :  18 p e r -  
c en t  goes  fo r  p r i m a r y  m e t a l s ,  17 p e r c e n t  fo r  d r u g s  and m e d i c i n e ,  18 
p e r c e n t  fo r  p e t r o l e u m ,  and 12 p e r c e n t  fo r  i n d u s t r i a l  c h e m i c a l s .  

L e t ' s  s top  fo r  a m o m e n t  to def ine  t e r m s .  T h i s  i s  i m p o r t a n t ,  
f o r  t h e r e  i s  a g r e a t  dea l  of m i s c o n c e p t i o n  at  t h i s  po in t .  

The term "research and development" is now generally used to 
describe the process which begins, as you know, with basic research 
and extends through applied research, development, engineering, test, 
and evaluation. The most troublesome phase to define is the first-- 
basic research--and, indeed, no short definition has been found which 
has not been criticized in some quarters. Administrative people would 
especially welcome a definition which they can use automatically, 
almost, when they see a title. But this is practically impossible to do, 
really. 

3 



• " 16& K=° 

F o r  p u r p o s e s  of ou r  s u r v e y s  we in the  Na t iona l  S c i e n c e  F o u n d a -  
t ion  have  de f i ned  b a s i c  r e s e a r c h  as r e s e a r c h  in  wh ich  " the  p r i m a r y  
a im of th6 f f l ves t iga to r  is  a f ,J]ler knowledge  o r  u n d e r s t a n d i n g  of t he  
s u b j e c t  unde r  s tudy  r a t h e r  than the  p r a c t i c a l  a p p l i c a t i o n  t h e r e o f .  " 
Th i s  has  s tood  the  t e s t  of  t i m e  f a i r l y  we l l .  It has  to be u n d e r s t o o d  
c l e a r l y ,  but  it r e a l l y  ge t s  at the h e a r t  of the  m a t t e r ,  fo r  the  r e a s o n  
that ,  in  o r d e r  to do w e l l  in  the  long  r a n g e  by ou r  e f f o r t s  in  t e c h n o l o g y  
o r  in r e s e a r c h  and d e v e l o p m e n t ,  we m u s t  p r o v i d e  the  " s e e d  c o r n ,  " 
w h i c h  is  the  p r o g r e s s  of s c i e n c e  that  u n d e r l i e s  a l l  t h e s e  t h i n g s .  That  
is  why th i s  is  a v e r y  i m p o r t a n t  th ing  to a c h i e v e .  

H i s t o r i c a l l y ,  p r o g r e s s  in  s c i e n c e  h a s  b e e n  m a d e ,  and c o n t i n u e s  
to be m a d e ,  p r i m a r i l y  by peop le  who have  th i s  a t t i t u d e - - t h a t  t h e y  a r e  
jus t  c u r i o u s  and t h e y  want  to f ind out what  a p a r t i c u l a r  p h e n o m e n o n  
is ,  o r  to d i s c o v e r  a new one p e r h a p s  by a c c i d e n t .  T h e s e  th ings  c a n -  
not  be  a c h i e v e d  by a n t i c i p a t i n g  t h e m .  As a f i r s t - c l a s s  e x a m p l e :  How 
cou ld  one t r y  to d i s c o v e r  X - r a y s  when  one  n e v e r  had  any i d e a  tha t  
such  th ings  e x i s t e d ?  New th ings  c o m e  out of th is  a t t i tude ,  t h i s  s p i r i t ,  
of ques t  in r e s e a r c h ;  and it i s  in th i s  way that  the  m o s t  r e v o l u t i o n a r y  
d i s c o v e r i e s  a r e  m a d e ,  which  can s t a r t  who le  i n d u s t r i e s .  

T h e r e  is  a ques t i on ,  though,  as  to w h e t h e r  a p r a c t i c a l - m i n d e d  
agency ,  wi th  a de f in i t e  m i s s i o n  to a c h i e v e ,  shou ld  indu lge  in  th i s  kind 
of r e s e a r c h .  The b e s t  j u s t i f i c a t i o n  I know fo r  th i s  kind of r e s e a r c h  
fo r  d e f e n s e  p u r p o s e s  was  g iven ,  in fac t ,  by the  D e p a r t m e n t  of  D e f e n s e  
s e v e r a l  y e a r s  ago, by a C o m m i t t e e  on  B a s i c  R e s e a r c h ,  h e a d e d  by  
W a r r e n  W e a v e r ,  who s t a t e d  the  m a t t e r  thus :  

"It i s  e s s e n t i a l  to r e c o g n i z e  tha t  t h e r e  a r e  two a s p e c t s  of b a s i c  
r e s e a r c h ,  d e p e n d i n g  upon who is  v i e w i n g  i t .  

" F r o m  the  point  of v i e w  of the  r e s e a r c h  w o r k e r  h i m s e l f  b a s i c  
r e s e a r c h  i s  r e s e a r c h  m o t i v a t e d  by c u r i o s i t y  and i n t e r e s t ,  c a r r i e d  
out b e c a u s e  it p r o m i s e s  to add to knowledge ,  and wi thout  any  n e c e s s a r y  
i n t e r e s t  in o r  c o n c e r n  fo r  the  p r a c t i c a l  a p p l i c a b i l i t y  of any  r e s u l t s  tha t  
m a y  be  ob t a ined .  

" N e v e r t h e l e s s  i t  i s  m o s t  s t r i k i n g l y  and e m p h a t i c a l l y  t r u e  tha t  
b a s i c  r e s e a r c h  is  not  i m p r a c t i c a l  r e s e a r c h .  The  whole  h i s t o r y  of 
s c i e n c e  c o n s t i t u t e s  a m o s t  i m p r e s s i v e  p roo f  of th i s  s t a t e m e n t .  And 
a r e s e a r c h  a d m i n i s t r a t o r ,  i n f o r m e d  as to the  h i s t o r y  of r e s e a r c h  
and a w a r e  of the  i n t e r r e l a t i o n s h i p s  b e t w e e n  v a r i o u s  f i e ld s  of  s c i e n c e  
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and v a r i o u s  f i e ld s  of app l i ca t ion ,  can  c o n c e r n i n g  a g iven  body of 
b a s i c  r e s e a r c h  ac t iv i ty ,  r e a s o n a b l y  m a k e  j u d g m e n t s  c o n c e r n i n g  p r o -  
bab le  p r a c t i c a l i t y ,  t h e s e  be ing  j u d g m e n t s  which  m a y  be qu i te  f o r e i g n ,  
if  not  m e a n i n g l e s s ,  to the  i nd iv idua l s  ac tua l l y  do ing  the  r e s e a r c h .  

"Thus  it i s  qui te  obvious  if one  is  i n t e r e s t e d  in, say,  the  d e v e l o p -  
m e n t  of new m a t e r i a l s  which  wi l l  m a i n t a i n  s t r e n g t h  at h igh  t e m p e r a -  
t u r e s ,  tha t  t h e r e  a r e  c e r t a i n  a r e a s  of p u r e  r e s e a r c h  which  have  
p r o b a b l e  r e l e v a n c e  to such  p r o b l e m s ,  and o t h e r  a r e a s  wh ich  a r e  
c l e a r l y  un l ike ly  to y i e l d  r e s u l t s  u se fu l  fo r  t h i s  p u r p o s e .  

"Thus, without in any way abandoning or contradicting the concept 
of basic research as viewed by the researcher, the research admin- 
istrator can discriminate between various areas of basic research, 
and can sensibly judge that certain of these general areas have a high 
probability of producing results useful for given purposes, while others 
have a very low probability. In other words, having a field of applica- 
tion in m i n d ,  i t  is  m e a n i n g f u l  and s e n s i b l e  for  a r e s e a r c h  a d m i n i s t r a t o r ,  
wi thout  in any way i n f l uenc ing  the  c r e a t i v e  a t m o s p h e r e  wi th in  wh ich  
the  r e s e a r c h e r  h i m s e l f  o p e r a t e s ,  to judge  tha t  c e r t a i n  a r e a s  of  b a s i c  
r e s e a r c h  have ,  wi th  high p robab i l i t y ,  r e l e v a n c e  to his  p r a c t i c a l  in -  
t e r e s t s . "  

It was  on th i s  b a s i s  that  E x e c u t i v e  O r d e r  10521 j u s t i f i e d  b a s i c  
r e s e a r c h  fo r  F e d e r a l  a g e n c i e s  as fo l lows :  

" T h e  conduct  and suppor t  by o t h e r  F e d e r a l  a g e n c i e s  of ba s i c  
r e s e a r c h  in  a r e a s  wh ich  a r e  c l o s e l y  r e l a t e d  to t h e i r  m i s s i o n s  is  
r e c o g n i z e d  as  i m p o r t a n t  and d e s i r a b l e ,  e s p e c i a l l y  in r e s p o n s e  to 
c u r r e n t  na t i ona l  n e e d s ,  and sha l l  con t inue .  " 

Our  p r e s e n t  f a i l u r e  as a Nat ion to suppor t  and e n c o u r a g e  b a s i c  
r e s e a r c h  at a l e v e l  c o m m e n s u r a t e  wi th  i t s  i m p o r t a n c e  to the  n a t i o n a l  
i n t e r e s t s  s t e m s  p r i n c i p a l l y  f r o m  l a c k  of publ ic  u n d e r s t a n d i n g  of the  
v e r y  n a t u r e  of ba s i c  r e s e a r c h .  The  publ ic  t e n d s  to confuse  s c i e n c e  
wi th  t e chno logy ,  as you know. T e c h n o l o g y  is  de f ined  in W e b s t e r ' s  
New I n t e r n a t i o n a l  as  " s y s t e m a t i c  knowledge  of the  i n d u s t r i a l  a r t s ,  " 
or  "any  p r a c t i c a l  a r t  u t i l i z ing  s c i e n t i f i c  knowledge .  " The  p r o d u c t s  of 
t e c h n o l o g y  that  a r e  so n u m e r o u s  and s p e c t a c u l a r - - m i r a c l e  d r u g s ,  je t  
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p lanes ,  co lo r  t e lev i s ion ,  and so o n - - a r e  looked upon as the f ru i t s  of 
'" s c i e n c e .  The public  has  no c l e a r  idea of ba s i c  r e s e a r c h  in g e n e r a l  

nor  of i ts  i m p o r t a n c e  as unde rg i rd ing  the en t i r e  technology .  

To be sure ,  t he re  is  u sua l l y  found the vague a w a r e n e s s  that  
t h e r e  a r e  p r o f e s s o r s  at  u n i v e r s i t i e s  who a r e  doing s o - c a l l e d  t h e o r e t -  
i ca l  work  which is somehow r e l a t e d  to s c i en t i f i c  p r o g r e s s .  The re  is  
the op t imi s t i c  bel ief ,  one f inds,  that  these  people  wi l l  go on working  
in t h e i r  l a b o r a t o r i e s ,  and that  the public,  by some  unknown m e a n s ,  
will  even tua l ly  benef i t  by wha teve r  con t r ibu t ions  they  m a y  be fo r tuna te  
enough to make .  

As a consequence ,  however ,  this  kind of r e s e a r c h  inev i t ab ly  
su f fe r s  when it  comes  into compet i t ion  with u r g e n t l y  needed deve lop-  
men t s  for  which the need is obvious.  The point  that  is  m i s s e d  is that  
bas i c  r e s e a r c h  is the u l t ima te  source  of i m p o r t a n t  deve lopmen t s  and 
mus t  r e c e i v e  i ts  full  m e a s u r e  of suppor t .  The t e chn i ca l  i n d u s t r i e s  
have come to unde r s t and  th is  v e r y  well,  of c o u r s e .  

It is  my  f i r m  opinion that  the future of our Nation m a y  well  
depend upon the deg ree  of e f for t  we can put into this  e lus ive  bas ic  
r e s e a r c h .  The re  a re  many  r e a s o n s  why th is  is so, but e s s e n t i a l l y  
they  boi l  down to two: Bas ic  r e s e a r c h  is e s s e n t i a l  for  p r o g r e s s  in 
s c i ence ,  which obvious ly  se ts  the pace for  technology;  and, second,  
it  is  th rough  bas ic  r e s e a r c h  that  s c i e n t i s t s  and e n g i n e e r s  r e c e i v e  t h e i r  
t r a i n ing .  The qual i ty  of the t r a i n ing  and the extent  of the t r a i n ing  wil l  
depend upon the e f f ec t i venes s  with which th i s  p r o c e s s  is  c a r r i e d  on. 
The p r i n c i p a l  burden  is thus p r i m a r i l y  in the u n i v e r s i t i e s ,  but not  
e n t i r e l y .  

In the e f for t  to en l i s t  adequate  suppor t  of the backing  for  bas ic  
r e s e a r c h ,  we in the Governmen t  have been obliged to ju s t i fy  the ex-  
pend i t u r e s  of n e c e s s a r y  funds for  this  purpose  on the grounds  of the 
u l t ima te  app l ica t ions  to be de r ived  f rom such r e s e a r c h .  Let  me s ay  
at  the outset ,  t h e r e f o r e ,  that ,  a l though a l l  of these  r e a s o n s  a r e  va l id  
and impor tan t ,  and we mus t  do bas ic  r e s e a r c h  in c e r t a i n  a r e a s  because  
of the p r a c t i c a l  need, bas ic  r e s e a r c h  has a l so  p roved  to be i m p o r t a n t  
as  an i n t e l l e c tua l  ac t iv i ty  tha t  i n c r e a s e s  m a n ' s  knowledge of h i m s e l f  
and his e n v i r o n m e n t .  This  has had a subt le  but v e r y  impor t an t  e f fec t  
over  the c e n t u r i e s .  



A l though  our  s t r e n g t h  as  a na t i on  is d e p e n d e n t  upon a n u m b e r  of 
m a t e r i a l  f a c t o r s ,  i t  i s  a l s o  d e p e n d e n t  in a v e r y  r e a l  s e n s e  upon the 
s t r e n g t h  and s t a b i l i t y  of our  o v e r a l l  c u l t u r e .  T h i s  i s  one of the a d v a n -  
t a g e s  we have  ove r  the  c o u n t r i e s  beh ind  the I ron  C u r t a i n .  The  s t r e n g t h  
of our  c u l t u r e  in  t u r n  depends  upon a l l  the  d i s c i p l i n e s  of l e a r n i n g ,  the 
n a t u r a l  s c i e n c e s ,  the  s o c i a l  s c i e n c e s ,  the h u m a n i t i e s ,  and the a r t s .  

Wi th  t h i s  a s  a p r e m i s e ,  l e t  m e  t u r n  now to the  m o r e  p r a c t i c a l  
a s p e c t s  of t h i s  m a t t e r .  The  t e c h n o l o g i c a l  r e v o l u t i o n ,  wh ich  d a t e s  back  
s o m e  30 or  40 y e a r s ,  i s  m u c h  m o r e  c l o s e l y  l inked  to the  p r o g r e s s  in  
s c i e n c e  t h a n  was  the i n d u s t r i a l  r e v o l u t i o n  t ha t  p r e c e d e d  i t .  T h a t  was  
a p e r i o d  of a d v e n t u r e .  B a s i c  r e s e a r c h  has  b e c o m e  the g e n e r a t i v e  
f o r c e  in  w h a t  the  l a te  S u m n e r  S c h l i c h t e r  c a l l e d  the i n d u s t r y  of d i s c o v -  
e r y .  Our  r a t e  of e c o n o m i c  g r o w t h  and p r o g r e s s  i s  s p e c i f i c a l l y  r e l a t e d  
to  the  a m o u n t  and q u a l i t y  of b a s i c  r e s e a r c h  be ing  c a r r i e d  on in  the 
N a t i o n ' s  u n i v e r s i t i e s ,  and in G o v e r n m e n t  and i n d u s t r i a l  l a b o r a t o r i e s .  

Lu our  t i m e ,  s c i e n c e  and t e c h n o l o g y  have  b e c o m e  o v e r w h e l m -  
i n g l y  i m p o r t a n t  fo r  n a t i o n a l  d e f e n s e .  M o r e o v e r ,  the new f o r c e s  now 
a v a i l a b l e  to  u s  r a i s e  q u e s t i o n s  about  the  a b i l i t y  of c i v i l i z a t i o n ,  o r  
i ndeed  of m a n  h i m s e l f ,  to  s u r v i v e  ff t h e s e  f o r c e s  a r e  f u l l y  u n l e a s h e d .  
When  you  c o n s i d e r  the  d a n g e r s  i n h e r e n t  in  s u c h  a c t i v i t i e s  as  the t e s t -  
ing  of n u c l e a r  w e a p o n s  o r  the  p o s s i b i l i t y  of u n a c c e p t a b l e  fa l lou t ,  e v e n  
the  u n r e s t r i c t e d  p r e p a r a t i o n s  fo r  w a r f a r e  b e c o m e  f o r m i d a b l e - - t o  
s a y  no th ing  of w a r  i t s e l f .  

Furthermore, as man exhausts his capacity to feed, shelter, 
and protect himself with the natural resources at hand, he must in- 
creasingly turn to science to help him meet these fundamental needs. 
That is the stage we have explicitly reached now, of course. He looks 
to science for ways to increase the productivity of the soil, to add to 
the nutritive value of existing foods, both plant and animal, and for 
synthetic substances to supplement the natural ones. He also turns 
to science for new sources of energy, in anticipation of the day when 
fossil fuels approach depletion. And, of course, as your previous 
speaker undoubtedly has mentioned, science helps man in the whole 
area of improving his health, increasing his longevity, and his resis- 

tance to disease. 

S o m e w h a t  ak in  to  t h i s  m a j o r  p r o b l e m  i s  the p r o b l e m  now con-  
f r o n t i n g  new n a t i o n s  and  u n d e r d e v e l o p e d  a r e a s  w h e r e  the people  e x i s t  
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on v e r y  low s u b s t a n d a r d s  of l i v ing .  T h e s e  peop le  m u s t  have  he lp  in 
d e v e l o p i n g  t h e i r  e c o n o m i e s ,  in p r o v i d i n g  educa t i on ,  and in  a c q u i r i n g  
the  c a p a c i t y  to bene f i t  by  the t e c h n o l o g i c a l  r e v o l u t i o n .  A l though  we 
have  been  e x t e n d i n g  t h i s  k ind  of he lp  in m a n y  a r e a s  of the wor ld ,  the  
Comn~un ie t  n a t i o n s  a r e  a l s o  r e a d y  to s t ep  in wi th  a id ,  and a r e  do ing  
so,  of c o u r s e ,  on a big  s c a l e ;  so  tha t  the  l e a d e r s h i p  tha t  we a r e  ab le  
to e x e r t  in th i s  a r e a  m a y  d e t e r m i n e  the b a l a n c e  be tween  o u r s e l v e s  and  
the C o m m u n i s t s  a m o n g  the u n c o m m i t t e d  n a t i o n s  of the  w o r l d .  

The  g r e a t  p r o b l e m  h e r e  i s  t i m e ,  a s  i t  so  of ten  i s  t h e s e  d a y s .  
T h e s e  u n d e r d e v e l o p e d  c o u n t r i e s  a r e  i m p a t i e n t .  T h e y  s e e  the  t h i n g s  
t h a t  can  be done,  and t h e y  want  t h e m  t o m o r r o w .  T h i s  i s  i m p o s s i b l e  
to  a c h i e v e ,  and so  the g r e a t  p r o b l e m  b e c o m e s  the u n r e s t  and w o r s e  
t ha t  c o m e  out of t h e i r  e f f o r t s  to  do t h e s e  t h i n g s  qu i ck ly .  T h a t ' s  w h e r e  
t h e y  need  help  and a hand tha t  can  a s s i s t  t h e m  in m a i n t a i n i n g  t h e i r  
e q u i l i b r i u m  whi le  t h e y  a r e  on t h e i r  way .  

The c o m p e t i t i o n  b e t w e e n  the  Uni t ed  S t a t e s  and the  U . S . S . R .  
e x t e n d s  a l l  a l ong  the e c o n o m i c  f r o n t  and in to  t e c h n o l o g y  and  p u r e  
s c i e n c e .  S ince  the l a u n c h i n g  of Sputn ik  we have  been  i ndu lg ing  in  
s o u l - s e a r c h i n g  c o m p a r i s o n s  of the  e d u c a t i o n a l  s y s t e m s ,  the e c o n o m i c  
g r o w t h ,  and the a c h i e v e m e n t s  in s c i e n c e  and t e c h n o l o g y .  In r e c e n t  
w e e k s  t h e s e  i n t r o s p e c t i v e  a c t i v i t i e s  have  been  blown up in to  an  u n f o r -  
t una t e  i s s u e  of the  p r e s i d e n t i a l  c a m p a i g n ,  as  you know, wi th  c h a r g e s  
and  c o u n t e r c h a r g e s  about  the  i m a g e  of the  Un i t ed  S t a t e s  a b r o a d .  I 
d o n ' t  want  to dwe l l  upon t h i s  i n s t a n c e .  It s e e m s  to me  to be a good 
d e a l  of a t e m p e s t  in  a t e apo t .  It h a s  been  m a g n i f i e d  out of a l l  p r o -  
p o r t i o n .  

H e r e  aga in ,  in  the  pub l ic  c o n c e r n  ove r  t h i s  whole  m a t t e r ,  we 
have  a good e x a m p l e - - a n d  th i s  i s  s i g n i f i c a n t - - o f  the c o n f u s i o n  of 
s c i e n c e  wi th  t e c h n o l o g y  in  the pub l ic  m i n d .  So f a r  as  t e c h n o l o g y  i s  
c o n c e r n e d - - a n d  I shou ld  l ike  to s p e a k  abou t  the  f a c t s  h e r e ,  b e c a u s e  
the  pub l i c  i s  c o n t i n u a l l y  a s k i n g  q u e s t i o n s - - f r o m  what  t h e y  ge t  in  the  
p r e s s  t h e y  d o n ' t  s e e m  to u n d e r s t a n d  the f a c t s  y e t - - I  s u b m i t  t ha t  t h e r e  
can  be no q u e s t i o n  tha t  the Uni ted  S t a t e s  i s  p r e e m i n e n t .  We have  m o r e  
e x p e r i e n c e ,  m o r e  f a c i l i t i e s ,  l a r g e r  i n d u s t r i e s ,  and m o r e  c a p a b l e  
peop le ;  and e s p e c i a l l y  we have  m o r e  k n o w - h o w  t h a n  a n y  c o u n t r y  in the  
w o r l d - - t h e  Sovie t  Union  not  e x c e p t e d .  We have  s u f f e r e d  by  c o m p a r i s o n  
wi th  the  Sov ie t s  in t hose  a r e a s  w h e r e ,  (a) the  Sov ie t s  have  c o n c e n t r a t e d  
a t t e n t i o n  wi th  t h e i r  c h a r a c t e r i s t i c  s i n g l e n e s s  of p u r p o s e ,  and, (b) 
w h e r e  we have  d e l a y e d  d e c i s i o n s  o r  have  put f o r t h  an i n a d e q u a t e  e f fo r t .  
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Our d i s a d v a n t a g e s  a re  inheren t ,  of cou r se ,  in our d e m o c r a t i c  
s y s t e m ,  and a re  e a s y  to d i s c e r n .  Before  unde r t ak ing  a p a r t i c u l a r l y  
i m p o r t a n t  deve lopment ,  we t y p i c a l l y  give the sub jec t  thorough  s tudy .  
Th i s  is  fol lowed by r e v i e w  and eva lua t ion  of the s tudy.  We then  d raw  
up a budget  and go through the l eng thy  c u s t o m a r y  p r o c e d u r e  of j u s t i -  
fy ing the p r o g r a m  and s e c u r i n g  the funds.  In p r i n c i p l e  we f i na l l y  have 
as  a r e s u l t  a ful ly  developed and sound plan with adequate  f inancing,  
s taf f ing,  and so on. In p r a c t i c e  we a re  apt to fa l l  sho r t  of th is  ideal ,  
p a r t i c u l a r l y  in the m a t t e r  of adequate  f inanc ing .  I th ink  it  can be 
g e n e r a l l y  ag r eed  tha t  only r e a l l y  t o p - p r i o r i t y  deve lopmen t s  would be 
r e g a r d e d  by people who u n d e r s t a n d  the s i tua t ion  as  anywhere  n e a r l y  
adequa t e ly  f inanced .  In these  the p r o b l e m  b e c o m e s  one of o v e r a l l  
coord ina t ion ,  m a n a g e m e n t ,  and s ta f f ing .  Those  with lower  p r i o r i t y  
a r e  a l m o s t  i nev i t ab ly  inadequa te ly  f inanced  in some way.  Th i s  is  a 
r e a l  puzz le  to so lve .  

The Soviet  Government ,  be ing  un t roubled  by the i n t r i c a c i e s  of 
the d e m o c r a t i c  p r o c e s s ,  can, of cou r se ,  make  d e c i s i o n s  much  m o r e  
qu ick ly  as  to which deve lopmen t s  should be unde r t aken ,  and can a s s i g n  
a l l  the money ,  manpower ,  and m a t e r i a l s  needed for  t he i r  r ap id  com-  
p le t ion .  

It is  not s u r p r i s i n g ,  then,  that  in c e r t a i n  spec i f i c  f i e lds  they  
a r e  o f fe r ing  us  s e r i o u s  compe t i t ion .  Th i s  is  one r e a s o n  why they  were  
able to develop r o c k e t s  with suf f i c ien t  t h r u s t  to l i f t  s e v e r a l  tons of pay-  
load.  Of cou r se ,  the o ther  is ,  we dec ided  not to do tha t  p a r t i c u l a r  
kind of deve lopmen t .  The s i z e s  of t h e i r  r o c k e t s ,  and the nove l ty  of 
f e a t u r e s  such  as  the moon probe  and p lac ing  dogs in orb i t  and r e c o v -  
e r i n g  them a re  tt-_ings tha t  cap tu re  the imag ina t ion  of the wor ld .  

R e f e r e n c e  i s  s e ldom made  to the fact  tha t  of the 33 s a t e l l i t e s  
p laced  in orbi t ,  27 were  put t he re  by the United S ta tes .  The Uni ted 
Sta tes  has  14 e a r t h  s a t e l l i t e s  and 2 s o l a r  s a t e l l i t e s  in o rb i t  at  the 
p r e s e n t  t ime ,  and 9 of t hese  s a t e l l i t e s  a r e  t r a n s m i t t i n g  da ta .  The 
U. S. S . R .  has  one e a r t h  s a t e l l i t e  and one s o l a r  s a t e l l i t e  in orbi t ,  
n e i t h e r  of which i s  t r a n s m i t t i n g  da ta .  Al though s m a l l e r  in s i ze  than  
the R u s s i a n  Sputnik, A m e r i c a n  s a t e l l i t e s  have much  m o r e  s o p h i s t i c a t e d  
i n s t r u m e n t a t i o n  and have been  used  to acqu i r e  l a rge  quan t i t i e s  of va l -  
uable  s c i en t i f i c  da ta .  T h e y  go a f t e r  spec i f i c  i n f o r m a t i o n  about spec i f i c  
s c i en t i f i c  p r o b l e m s ,  and get i t .  



The d i s c o v e r y  of the V a n A l l e n  r ad i a t i on  bel t ,  for  example ,  is  
p e r h a p s  the s ingle  mos t  i m p o r t a n t  d i s c o v e r y  r e s u l t i n g  f rom the I n t e r -  
na t i ona l  Geophys ica l  Yea r .  Another  b r i l l i a n t  p iece  of work, which 
has  had v e r y  l i t t le  ~ub~icity, for  unde r s t andab le  r e a s o n s ,  is  P r o j e c t  
Argus ,  which you r e m e m b e r  was the p lan t ing  in outer  space  of a 
l a y e r  of e l e c t r i f i e d  p a r t i c l e s  that  i n t e r f e r e d  with r a d i o  c o m m u n i c a -  
t ions  and p rov ided  r e f l e c t i o n s .  It was ana lyzed  by p r o b e s  sent  out for  
the purpose ,  and was a l so  de tec ted  by s a t e l l i t e s  p a s s i n g  th rough  i t .  
Tha t  was a m a j o r  a c h i e v e m e n t .  It d e m o n s t r a t e d  that  a l a y e r  of e l e c -  
t r i f i e d  p a r t i c l e s  could be d e l i b e r a t e l y  p laced  outs ide the e a r t h  which 
could c r ea t e  m a j o r  ef fec ts  on commun ica t i ons  s y s t e m s  and r e a c t  in  
o ther  ways .  

So f a r  as p r o g r e s s  in sc i ence  is  conce rned ,  the conc lus ions  
r e s u l t i n g  f rom v i s i t s ,  con fe r ences ,  and d i s c u s s i o n s  be tween Soviet  
s c i e n t i s t s  and ours  is  that ,  g e n e r a l l y  speaking,  we a re  second to none 
in our  r e s e a r c h  f indings and a c c o m p l i s h m e n t s .  In c e r t a i n  f ie lds ,  such  
as  t h e o r e t i c a l  phys i c s ,  and some b r a n c h e s  of m a t h e m a t i c s  and a s t r o n -  
omy,  our  s c i e n t i s t s  admi t  that  the Russ ians  a re  h ighly  competen t ,  in  
fact ,  on a pa r  with our  own in knowledge of the sub jec t  and in t h e i r  
th inking.  M o r e o v e r ,  in these  f ie lds  p a r t i c u l a r l y ,  the Soviets  a r e  
t r a i n i n g  n u m b e r s  of h ighly  compe ten t  younger  s c i e n t i s t s ,  and the 
g e n e r a l  i m p r e s s i o n  is that  i t  wi l l  take a d e t e r m i n e d  ef for t  on our p a r t  
to  cont inue to produce  r e s u l t s  m o r e  i m p o r t a n t  than t h e i r s .  

In b io logy the Russ i ans  a re  y e a r s  behind us in t echn iques  and 
r e s e a r c h  p r o g r e s s .  Our a g r i c u l t u r a l  r e s e a r c h  is supe r io r ,  and so 
i s  our m e d i c a l  r e s e a r c h .  However ,  t he r e  a r e  c e r t a i n  f ie lds  tha t  have 
been r e l a t i v e l y  neg lec ted  in the United Sta tes ,  no tably  oceanography  
and economic  geology,  where  t h e i r  cove rage  is s u p e r i o r  by v i r tue  of 
m o r e  f ac i l i t i e s  and coord ina ted  planning.  We a r e  now in the p r o c e s s  
of r e p a i r i n g  our de f i c i enc i e s  in these  f ie lds .  

In the compu te r  f ie ld  the Soviet  Union is p lac ing  g rea t  e m p h a s i s  
on the t h e o r y  and use of m o d e r n  comput ing m a c h i n e s  in o v e r a l l  p lan-  
ning for  the i n t e r a c t i o n  of t echnology  with economic  p r o g r e s s .  Our 
c o m p u t e r s  and compu te r  t echn iques  a re  s u p e r i o r ,  but we have put 
r e l a t i v e l y  l e s s  ef for t  into the imag ina t ive  l ong - r ange  app l ica t ion  of 
compu te r  t echn iques  than  has the Soviet  Union, a cco rd ing  to the 
account  of our  people .  
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In fact ,  s p e a k i n g  g e n e r a l l y ,  I f e e l  tha t  i t  is the  l o n g - r a n g e  a s p e c t  
of the whole  m a t t e r  tha t  shou ld  c l e a r l y  c o n c e r n  us,  r a t h e r  than w h e r e  
we s t and  now.  We a r e  in good shape  now. Our  p r e e m i n e n c e  in bo th  
s c i e n t i f i c  and t e c h n o l o g i c a l  f i e ld s  can  s c a r c e l y  be c h a l l e n g e d  by t h o s e  
who t ake  the t r o u b l e  to i n f o r m  t h e m s e l v e s  of f ac t s .  What  shou ld  r e a l l y  
c o n c e r n  us is  R u s s i a n  c a p a b i l i t i e s  for  the fu tu re  and w h e r e  t h e s e  a r e  
l i k e l y  to  l ead  the Sovie t s  10 y e a r s  f r o m  now. All  the i n f o r m a t i o n  tha t  
we have  po in t s  up the  fact  tha t  t hey  wi l l  u n d o u b t e d l y  con t inue  to a s s i g n  
h igh  p r i o r i t y  to s c i e n t i f i c  and t e c h n o l o g i c a l  p r o g r e s s ,  and t h e r e  s e e m s  
no q u e s t i o n  that  o c c a s i o n a l l y  in c e r t a i n  f i e ld s  t hey  wi l l  c o m e  out wi th  
r e a l l y  v a l u a b l e  r e s u l t s ,  vVhen they  do, t hey  wi l l  s t i m u l a t e  us  out of 
the c o m p l a c e n c y  in to  wh ich  we m i g h t  o t h e r w i s e  s ink .  

At the  p r e s e n t  t i m e ,  h o w e v e r ,  as  a r e s u l t  of the d rop  in the 
w a r t i m e  b i r t h  r a t e  in the Sovie t  Union,  the Sov ie t s  a r e  e x p e r i e n c i n g  
d e f i c i t s  in the age g roup  of about  15 to 20, and t h e y  have b e e n  ob l iged  
to  take  s o m e w h a t  d r a s t i c  m e a s u r e s  to m e e t  the  m a n p o w e r  n e e d s  in a l l  
f i e l d s .  U n d e r  the e d u c a t i o n a l  r e f o r m s  r e c e n t l y  i n t r o d u c e d ,  for  e x a m p l e ,  
a l l  but  the  m o s t  e x c e p t i o n a l  s t u d e n t s  m u s t  now c o m b i n e  t h e i r  s c h o o l  
w o r k  wi th  u s e f u l  and p r o d u c t i v e  l abor ,  thus b e c o m i n g  p a r t - t i m e  s tu -  
d e n t s .  At the s a m e  t i m e ,  the  R u s s i a n s  a r e  e n g a g i n g  in a v a r i e t y  of 
e x p e r i m e n t a l  p r o g r a m s  to  r e d u c e ,  if  p o s s i b l e ,  the age at w h i c h  p e r s o n s  
m a y  be fu l ly  t r a i n e d  for  c r e a t i v e  w o r k  in  a g iven  f i e ld .  

It i s  t r e n d s  of th i s  type tha t  we m u s t  wa tch .  The e s t a b l i s h m e n t  
of the  new S i b e r i a n  b r a n c h  of the U . S . S . R .  A c a d e m y  of S c i e n c e s ,  the 
s o - c a l l e d  S c i e n c e  City,  in N o v o s i b i r s k ,  i s  a m a j o r  d e v e l o p m e n t .  Th i s  
is  a r e c e n t  d e v e l o p m e n t  and we a r e  only  now b e g i n n i n g  to r e c e i v e  s o m e  
i n f o r m a t i o n  about  i t .  It was  e s t a b l i s h e d  in 1957 and has  as  i t s  p u r p o s e  
the  d e v e l o p m e n t  of p r o d u c t i v e  f o r c e s  in W e s t  S ibe r i a ,  E a s t  S ibe r i a ,  
and the F a r  E a s t .  The  new s c i e n t i f i c  c e n t e r  wi l l  c o n s i s t  of a c o m p l e x  
of i n s t i t u t e s ,  p r i n c i p a l l y  in the  p h y s i c a l ,  m a t h e m a t i c a l ,  and t e c h n o -  
l o g i c a l  s p e c i a l i t i e s .  Some  i d e a  of the s i z e  and s cope  of the u n d e r t a k i n g  
ca n  be g l e a n e d  f r o m  the fact  tha t  in 1958 the i n v e s t m e n t  in th i s  p r o j e c t  
was  e x p e c t e d  to  e x c e e d  1 m i l l i o n  r u b l e s  a day.  

We shou ld  keep  a b r e a s t  of what  the  R u s s i a n s  a r e  do ing  now in  
s c i e n c e ,  and e s p e c i a l l y  we shou ld  be a l e r t  on what  t h e y  p lan  to do in 
the  fu tu r e .  But  c e r t a i n l y  we shou ld  not  s e t  our  s i g h t s  by t h e i r  a c h i e v e -  
m e n t s .  In s c i e n c e  and t e c h n o l o g y  the na t ion  or  the ind iv idua l  tha t  
i n i t i a t e s  and c a r r i e s  f o r w a r d  an i d e a  has  an e n o r m o u s  a d v a n t a g e .  We 
m u s t  t h e r e f o r e  be s t r o n g  in a l l  f i e l d s  and r e a d y  to take  a d v a n t a g e  of 
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e v e r y  p r o m i s i n g  b r e a k t h r o u g h .  We shou ld  c e r t a i n l y n o t  c o n c e n t r a t e  
ou r  e f fo r t s  e n t i r e l y  upon t h o s e  a r e a s  w h e r e  the  R u s s i a n s  have  a l r e a d y  
m a d e  s ign i f i can t  a d v a n c e s .  Th is  is  l o s i n g  an i m p o r t a n t  a s s e t  that  we 
have .  

This  point  was  so ab ly  m a d e  by P r o f e s s o r  C h a r l e s  F r a n k e l ,  of 
C o l u m b i a  U n i v e r s i t y ,  in a r e c e n t  "New Y o r k  T i m e s  M a g a z i n e "  a r t i c l e  
that  I shou ld  l i ke  to quote  f r o m  it: 

" T h e  m e n t i o n  of s c i e n c e  and b a s i c  r e s e a r c h  b r i n g s  us to the  
d a n g e r s  i m p l i c i t  in the  a s s u m p t i o n  that  the  b e - a l l  and e n d - a l l  of e v e r y  
e f for t  we m a k e  is  b e a t i n g  the  R u s s i a n s .  

" F o r ,  u n l e s s  b a s i c  p r i n c i p l e s  a r e  c l e a r l y  de f ined ,  and u n l e s s  
c a r e f u l  s a f e g u a r d s  a r e  m a i n t a i n e d ,  the  use  of s c i e n c e  as  an i n s t r u m e n t  
of na t i ona l  c o m p e t i t i o n  can  d e f o r m  the  s c i e n t i f i c  e n t e r p r i s e  i t s e l f ,  
u n d e r m i n i n g  i ts  i n t e g r i t y ,  and in  the  end cu t t ing  down i ts  e f f i c i e n c y  as  
we l l .  

"If s c i e n t i f i c  r e s e a r c h  is  c o n s t r u e d  as  a r a c e ,  if  e v e r y  d i s c o v e r y  
is m e a s u r e d  fo r  i t s  p o t e n t i a l  p r o p a g a n d i s t i c  va lue ,  t hen  t h e r e  wi l l  
be a t e m p t a t i o n  to in f l a t e  m o d e s t  r e s u l t s ,  to c l a i m  m o r e  than  the  
e v i d e n c e  in hand j u s t i f i e s ,  and, in g e n e r a l ,  to m i x  s c i e n c e  wi th  p s y -  
c h o l o g i c a l  w a r f a r e .  

" M o r e o v e r ,  the  publ ic  p r e s s u r e  fo r  r e s u l t s  can  l e a d  to the  o v e r -  
o r g a n i z a t i o n  of s c i e n c e .  One of the  m o s t  popu la r ,  and one  of t he  m o s t  
r u i n o u s ,  a s s u m p t i o n s  about  s c i e n c e  is  that  it n o r m a l l y  a c h i e v e s  i t s  
p r a c t i c a l  r e s u l t s  by a i m i n g  d i r e c t l y  at t h e m .  Much m o r e  o f t en  than  
not, s i g n i f i c a n t  a d v a n c e s  in s c i e n c e  have  b e e n  m a d e  p r e c i s e l y  when  
m e n  have  had the  s e n s e  of d i s e n g a g e m e n t  f r o m  u r g e n t  p r e s s u r e s  that  
had a l l owed  t h e m  to r u m i n a t e ,  to r o a m  a round ,  and to w o r k  on p r o b l e m s  
in which  no p r a c t i c a l  m a n  was i n t e r e s t e d .  

" T h e  v i ew that  r e d u c e s  s c i e n c e  s i m p l y  to an i n s t r u m e n t  of n a t i o n a l  
p o w e r  o b s c u r e s  i t s  s i g n i f i c a n c e  as a d i s c i p l i n e  of the  h u m a n  m i n d  and 
as an a g e n c y  fo r  a d v a n c i n g  the  w e l l - b e i n g  of h u m a n i t y .  And t h e r e  
is  l i k e l y  to be a p r a g m a t i c  p e n a l t y  for  f o r g e t t i n g  the  m o r a l  m e a n i n g  of 
s c i e n c e :  even  i t s  p o w e r  to a t ta in  p r a c t i c a l  r e s u l t s  wi l l  be  m a t e r i a l l y  
r e d u c e d .  " 
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If we make  the needed ef for t  to be s t r ong  in s c i ence  and t e ch -  
nology,  the r e c o v e r y  of our p r e s t i g e  abroad  wi l l  follow a u t o m a t i c a l l y .  
P e r s o n a l l y  I feel  v e r y  s t r o n g l y  that our p r e s t i g e  has su f fe red  f rom the 
w i d e s p r e a d  a t ten t ion  being given i t  by the p r e s s  and by our appa ren t  
anx ie ty  with r e s p e c t  to our r epu ta t ion .  

As one n e w s p a p e r  c o r r e s p o n d e n t  obse rved  e a r l i e r  th is  week: 
" D e s p i t e  the ove rwhe lming  a g r e e m e n t  that  t he re  has  been a drop in 
the p r e s t i g e  of the United Sta tes  around the world,  the s u r v e y  d i s c l o s e d  
evidence  of deep confidence that  th i s  coun t ry  could, if i t  t r i ed ,  move 
ahead r a p i d l y  and r e a s s e r t  i ts  pos i t ion  in a l l  s p h e r e s .  "_l/ 

One Scandinav ian  d ip lomat  sa id  ne thought A m e r i c a n s  were  f a r  
too w o r r i e d  about what o ther  people thought of them.  "Why don ' t  you 
jus t  get  on with the jobT" he asked .  

T h e r e  is much point  to .that r e m a r k .  If we want our image  
abroad  to improve ,  our f i r s t  e f for t  should be to provide  the r e a l i t y  of 
the image  at home.  As far  as  s c i ence  is  conce rned ,  th is  m e a n s  p r o -  
v id ing adequate  suppor t  for  s c i ence  and educa t ion  in s c i e n c e .  

In mak ing  the p lea  for  the suppor t  of bas i c  r e s e a r c h ,  I a m  often 
asked ,  "What  cons t i t u t e s  adequate  s u p p o r t ? "  I t ' s  a lways  ha rd  to 
a n s w e r  such  a ques t ion  quan t i t a t ive ly .  Fu l l  suppor t  would be jus t i f i ed  
if it p rov ided  a l l  competen t  r e s e a r c h e r s  with what they  need.  Is that  
what  we m e a n  by adequa te?  If we a re  in a r e a l  e m e r g e n c y ,  the a n s w e r  
should be " Y e s . "  It is  e s t i m a t e d  tha t  F e d e r a l  suppor t  for  s c i en t i f i c  
r e s e a r c h  is  p rov ided  to some th ing  l e s s  than  50 p e r c e n t  of the compe ten t  
i n v e s t i g a t o r s  who apply  for  aid.  By a m a r g i n  of someth ing  of th i s  o r d e r ,  
then,  our p r o g r e s s  in sc i ence  is  fa i l ing  to keep pace with our capab i l -  
i t i e s .  

In all this discussion emphasizing basic research, I don't want 
to imply that applied research and development are not important. 
Of c o u r s e  they  a r e .  Applied r e s e a r c h  i s  t e r r i b l y  i m p o r t a n t .  It has  
many  of the p r o b l e m s  of ba s i c  r e s e a r c h ;  i t  needs  v e r y  h igh ly  c o m p e -  
tent  people,  and i t  m u s t  be encouraged .  The point  i s  s i m p l y  th i s :  When 
budgets  a r e  held to a c e r t a i n  r e s t r i c t e d  level ,  the p r o b l e m s  tha t  a r e  
r e g a r d e d  as  impor t an t  a r e  p r a c t i c a l  p r o b l e m s  in gene ra l ,  b e c a u s e  they  

I[  WiLliam Jorden ,  The New York  T imes ,  31 Oct 1960, p. 23. 
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can  be seen  c l e a r l y  and someth ing  has to be done about  t hem.  But 
b a s i c r e s e a r c h  does  not have th is  tangible  r e t u r n ,  and t h e r e f o r e  i t  is  
i ke ly  to be cut .  This  happens y e a r  a f t e r  yea r ,  to the u l t ima te  d e t r i -  

m e n t  of th~ ef for t .  

A f ac to r  that  looms la rge  in suppor t  of r e s e a r c h  is the i n c r e a s -  
ing s ize ,  complex i ty ,  and cos t  of f ac i l i t i e s  needed for  bas i c  r e s e a r c h .  
The Gove rnmen t  has been  obliged to prov ide  funds, in whole or  in pa r t ,  
for  such  things  as  n u c l e a r  r e a c t o r s ,  h i g h - e n e r g y  p a r t  ic le  a c c e l e r a -  
t o r s ,  r a d i o  t e l e s copes ,  e l e c t r o n i c  compu te r s ,  and oceanograph ic  
r e s e a r c h  v e s s e l s ,  because  t he i r  cos t s  cannot  pos s ib ly  be m e t  by a 
s ingle  u n i v e r s i t y  or  even by a group of u n i v e r s i t i e s .  

A t r u l y  m o d e r n  h i g h - e n e r g y  a c c e l e r a t o r ,  for  example ,  i s  expec t -  
ed to cos t  in the ne ighborhood of $100 m i l l i o n  over  a pe r iod  of y e a r s .  
The u n i v e r s i t y  r e a c t o r  bui l t  at MIT cost  a p p r o x i m a t e l y  $2 .5  m i l l i o n .  
The Foundat ion has a l loca ted  funds to date in the amount  of $12.8 m i l -  
l ion for  the r ad io  a s t r o n o m y  o b s e r v a t o r y  in West  Vi rg in ia ;  and about 
$10 m i l l i o n  for  an opt ica l  a s t r o n o m y  o b s e r v a t o r y  in Ar i zona .  

F i g u r e s  of th is  magni tude  pose a s e r i o u s  p r o b l e m  in p lanning  
expend i tu r e s  for  s c i ence .  P r o g r e s s  in c e r t a i n  h ighly  spec i a l i z ed  
f ie lds  r e q u i r e s  the use  of cap i t a l  f ac i l i t i e s  that  a r e  fa r  m o r e  expens ive  
than  those  r e q u i r e d  for  g e n e r a l - r u n  bas ic  r e s e a r c h ,  which a r e  u sua l l y  
m o d e s t l y  p r i c e d .  Must  we, for  economic  r e a s o n s ,  deny or  postpone 
the c o n s t r u c t i o n  of these  expens ive  r e s e a r c h  too l s?  To do so is  
p o s s i b l y  to p r even t  the mak ing  of h ighly  s ign i f i can t  d i s c o v e r i e s  in bas ic  
s c i ence ,  or  to a l low o ther  coun t r i e s  to do so  f i r s t .  Th is  ques t ion  is 
a lways  compl i ca t ed  by our inab i l i ty  to p r ed i c t  what such s ign i f i can t  
s c i en t i f i c  advances  m a y  be.  

It m a y  wel l  be asked also:  Wil l  not ful l  suppor t  of a l l  compe ten t  
sc i en t i f i c  r e s e a r c h  lead to an i m p o s s i b l e  economic  s i tua t ion ,  s ince  
obvious ly  we don~t have funds, manpower ,  or  f ac i l i t i e s  to c a r r y  on a l l  
the p r o m i s i n g  ideas  gene ra t ed  by the s c i e n t i s t s ?  It is t rue ,  of cou r se ,  
that  the s e c u r i t y  of the coun t ry  depends not only upon i ts  p r o g r e s s  in 
s c i ence  and t echno logy  but upon many  o ther  f a c to r s ,  ch ief  of which a re  
the s t r e n g t h  of i ts  economy and the s t r e n g t h  of i t s  de fenses .  The l a t t e r  
in turn  depends  upon m a n y  f ac to r s ,  including the p r o p e r  ba lance  among 
these  ac t i v i t i e s .  Are  we then in a d i l e m m a ?  If we make the m a x i m u m  
ef for t  in r e s e a r c h  and deve lopment ,  do we weaken our economy,  and 
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t h e r e f o r e  our  s e c u r i t y ?  On the  o t h e r  hand ,  if  we wi thhold  adequa t e  
s u p p o r t  to  r e s e a r c h  and  d e v e l o p m e n t ,  do we j e o p a r d i z e  our  s e c u r i t y  
b y  f a i l i n g  to m a i n t a i n  t e c h n o l o g i c a l  s u p r e m a c y ?  T h i s  i s  a r e a l  q u e s -  
t i on .  

The  a n s w e r  I b e l i e v e  i s  c l e a r .  We shou ld  e n c o u r a g e  and sup -  
p o r t  the p r o g r e s s  of s c i e n c e  to the l i m i t s  of the c a p a b i l i t i e s  of our  
s c i e n t i s t s  and e n g i n e e r s .  By so  doing  we m a k e  a v a i l a b l e  to o u r s e l v e s  
the  fu l l  p o t e n t i a l i t i e s  of a l l  new d i s c o v e r i e s  in s c i e n c e .  We should  
t h e n  give v e r y  c a r e f u l  c o n s i d e r a t i o n  to which  of t hese  p o t e n t i a l i t i e s  we 
shou ld  lend e m p h a s i s  and s u p p o r t  fo r  d e v e l o p m e n t  and u l t i m a t e  p r o -  
duc t i on .  

To  s u p p o r t  b a s i c  r e s e a r c h  in  g e n e r a l  r e q u i r e s  r e l a t i v e l y  m o d e s t  
a m o u n t s  of m o n e y ,  e x c e p t  fo r  c a p i t a l  f a c i l i t i e s .  It i s  in the s t a g e s  of 
t e c h n o l o g y - - a p p l i e d  r e s e a r c h ,  d e v e l o p m e n t ,  and p r o d u c t i o n - - t h a t  
the  l a r g e  c o s t s  o c c u r . .  T h e r e f o r e ,  we a r e  not j e o p a r d i z i n g  the n a t i o n a l  
e c o n o m y  i f  we p r o v i d e  fu l l  s u p p o r t  f o r  the  a d v a n c e s  in s c i e n c e  and at  
the  s a m e  t i m e  d i s c r i m i n a t e  v e r y  c a r e f u l l y  in  c h o o s i n g  the t h i n g s  in to  
w h i c h  to  put  our  l a r g e  c a p i t a l .  

In fac t ,  I should  go f u r t h e r  and d e c l a r e  e m p h a t i c a l l y  tha t ,  u n l e s s  
b a s i c  r e s e a r c h  is  a d e q u a t e l y  s u p p o r t e d ,  we a r e  c e r t a i n  to m i s s  oppor -  
t u n i t i e s  fo r  d e v e l o p m e n t  and a p p l i c a t i o n  tha t  m a y  m e a n  a l l  the d i f f e r -  
e n c e  b e t w e e n  s u c c e s s  or  f a i l u r e  in the  r a c e  b e f o r e  us ,  w h e t h e r  for  w a r  
o r  fo r  p e a c e .  

The  r a p i d  g r o w t h  of the r o l e  of the  F e d e r a l  G o v e r n m e n t  in the  
s u p p o r t  of c u r r e n t  r e s e a r c h  and d e v e l o p m e n t  has  c r e a t e d  the need  fo r  
a p p r o p r i a t e  o r g a n i z a t i o n a l  m a c h i n e r y  w i th in  the  G o v e r n m e n t  i t s e l f .  
T h i s  need  h a s  b e e n  r e c o g n i z e d  and i m p l e m e n t e d  in a v a r i e t y  of w a y s .  
At the  h i g h e s t  l eve l ,  the S p e c i a l  A s s i s t a n t  to  the  P r e s i d e n t  fo r  S c i e n c e  
and  T e c h n o l o g y ,  now D r .  G e o r g e  K i s t i a k o w s k y ,  wi th  the  a s s i s t a n c e  of 
the  P r e s i d e n t ' s  S c i e n c e  A d v i s o r y  C o m m i t t e e ,  i s  r e a d y  to m a k e  a v a i l -  
ab le  to the  P r e s i d e n t  a t  a l l  t i m e s  adv ice  and c o u n s e l  on the  wide r a n g e  
of s c i e n t i f i c  and t e c h n i c a l  a f f a i r s  t ha t  i n f l u e n c e  e x e c u t i v e  d e c i s i o n s  and 
n a t i o n a l  p o l i c y .  

The  P r e s i d e n t ' s  S c i e n c e  A d v i s o r y  C o m m i t t e e ,  whose  m e m b e r -  
sh ip  c o n s i s t s  of n o n - G o v e r n m e n t  s c i e n t i s t s  and e n g i n e e r s ,  c o n s i d e r s  
i m u o r t a n t  s c i e n t i f i c  and t e c h n i c a l  m a t t e r s  in r e l a t i o n  to G o v e r n m e n t  
p o l i c y w i t h  s p e e i a l r e f e r e n c e  to n a t i o n a l  s e c u r i t y .  I t  h a s  i s s u e d  a n u m b e r  
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of sigtLtficant and inf luent ia l  r e p o r t s :  "S t rengthening  A m e r i c a n  
S c i e n c e , "  "EdUcat ion for  the Age of S c i e n c e , "  " I m p r o v i n g  the Ava i l -  
ab i l i ty  of Scientif ic  and Techn ica l  In fo rma t ion  in the United S t a t e s , "  
" in t roduc t ion  to Outer  S p a c e , "  and "A P r o p o s e d  F e d e r a l  P r o g r a m  in 
Support  of High E n e r g y  A c c e l e r a t o r  P h y s i c s . "  

Those  of you who a r e  i n t e r e s t e d  in pu r su ing  the sub jec t  f u r t h e r  
no doubt know of these  and will  find them of i n t e r e s t .  

Although some  24 F e d e r a l  agenc ies  p a r t i c i p a t e  in the Gove rn -  
m e n t ' s  R.  & D. effor t ,  9 of these  account  for  99 p e r c e n t  of the to ta l  
obl igat ions .  These  nine a r e  the D e p a r t m e n t  of Defense ,  the Atomic  
E n e r g y  C o m m i s s i o n ,  Nat ional  A e r o n a u t i c s  and Space Agency,  D e p a r t -  
men t  of Health,  Educat ion,  and Wel fa r e ,  D e p a r t m e n t  of A g r i c u l t u r e ,  
D e p a r t m e n t  of the In t e r io r ,  Nat ional  Science Foundat ion,  F e d e r a l  
Avia t ion Agency,  and the D e p a r t m e n t  of C o m m e r c e .  

The Nat ional  Science Foundat ion (with i ts  2 4 - m e m b e r  Nat iona l  
Science Board ,  composed  of p e r s o n s  d i s t ingu ished  in sc ience ,  educa -  
tion, and public a f f a i r s ,  and appointed by the P r e s i d e n t )  has  the p r i m -  
a r y  r e spons ib i l i t y  of dea l ing  with pol icy  concern ing  F e d e r a l  suppor t  
of ba s i c  r e s e a r c h  throughout  the coun t ry .  

The F e d e r a l  Council  fo r  Science and Technology,  e s t ab l i shed  by 
Execu t ive  o r d e r  of 13 M a r c h  1959, d e l i b e r a t e s  on m a t t e r s  of pol icy  
coord ina t ion  and future  planning among  F e d e r a l  agenc ie s ,  and in these  
a f f a i r s  m a k e s  r e c o m m e n d a t i o n s  to the P r e s i d e n t .  

Under  our  d e m o c r a t i c  s y s t e m ,  however ,  no level  of gove rnmen t ,  
F e d e r a l ,  State,  o r  local ,  can succeed  in s e c u r i n g  n e c e s s a r y  ac t ion  
p r o g r a m s  or  funds to c a r r y  them out un l e s s  our  c i t izens  u n d e r s t a n d  
and ac t ive ly  endor se ,  and, indeed, p a r t i c i p a t e  in the s t eps  that  need 
to be t aken .  In shor t ,  the who lehea r t ed  coopera t ion  of the people of 
the coun t ry  is  n e c e s s a r y  to achieve wha teve r  goals  a r e  a g r e e d  upon. 

Most  impor t an t  is the r e a l i z a t i o n  that  th is  is not an e p h e m e r a l  
e m e r g e n c y  but a continuing and, quite poss ib ly ,  a p e r m a n e n t  one. We 
a r e ,  a f t e r  al l ,  in a compet i t ive  world  in which the re  can be no r e l a x -  
at ion in our  d e t e r m i n a t i o n  to compete  s u c c e s s f u l l y  and cont inuously .  

The r e s p o n s i b i l i t y  of the F e d e r a l  Government ,  as  I see  it, is 
to i n s u r e  that  the p rob lem is  en t i r e l y  unders tood  by  the people,  to 
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provide direct support according to carefully devised plans, and to 
consider seriously ways and means of increasing substantially funds 
from other sources, when this can help. 

The  r e s p o n s i b i l i t y  of the  peop le  i s  f i r s t  to g ive  t h e s e  p r o b l e m s  
t h e i r  c a r e f u l  a t t en t i on ,  and second  to d e t e r m i n e ,  as  t h e i r  G o v e r n m e n t  
h a s  to  do, the  d e g r e e  to w h i c h  t h e y  can  c o n t r i b u t e  b y  though t ,  ac t ion ,  
and m o n e y  to our  n a t i o n a l  goa l s ,  a s  w e l l  a s  to  the  s a t i s f a c t i o n  of t h e i r  
p e r s o n a l  d e s i r e s  and n e e d s .  

In o t h e r  w o r d s ,  e a c h  c i t i z e n  shou ld  be f u l l y  and c o n t i n u o u s l y  
a w a r e  of h i s  a c t i ve  r e s p o n s i b i l i t y  to  the Na t i on  and to i t s  p r i m a r y  goa l s  
in  t i m e  of p e a c e  a s  we l l  a s  in t i m e  of w a r ,  and be p r e p a r e d  to m a k e  
the  n e c e s s a r y  s a c r i f i c e s ,  i f  c a l l e d  upon,  in  o r d e r  to  a c h i e v e  t h e m .  

To  r e a l i z e  our  o b j e c t i v e s  a s  a na t ion ,  to  de fend  our  c o u n t r y ,  to  
a c h i e v e  and m a i n t a i n  w o r l d  l e a d e r s h i p ,  to ex t end  a he lp ing  hand  to 
u n d e r d e v e l o p e d  n a t i o n s ,  or  m e r e l y  to  m a i n t a i n  our  p e a c e  and p r o s p e r -  
i t y  a t  h o m e ,  the  f i r s t  e s s e n t i a l  i s  a r e a l  d e t e r m i n a t i o n  to a c h i e v e  b e t -  
t e r  e d u c a t i o n ,  b e t t e r  e f f i c i e n c y ,  b e t t e r  s c i e n c e  and t e c h n o l o g y ,  and,  
above  a l l ,  the  d e v e l o p m e n t  of q u a l i t y - - q u a l i t y  in  t r a i n i n g  and q u a l i t y  
in  p e r f o r m a n c e .  U n l e s s  we can  s u c c e e d  in  a c c o m p l i s h i n g  t h e s e  t h i n g s ,  
we can  a t t a i n  n e i t h e r  our  n a t i o n a l  o b j e c t i v e s  n o r  the p e r s o n a l  o b j e c -  
t i v e s  of our  p e o p l e .  

T h a n k  you v e r y  m u c h .  

C O L O N E L  MORGAN: G e n t l e m e n ,  D r .  W a t e r m a n  i s  r e a d y  fo r  
y o u r  q u e s t i o n s .  

QUESTION:  How s u c c e s s f u l  was  the  IGY? What  f a c t o r s  m a y  
have  l i m i t e d  i t s  s u c c e s s ?  And how soon  can  we have  a n o t h e r  o n e ?  

DR.  W A T E R M A N :  The  s u c c e s s  of the  IGY, in  the  op in ion  of 
the  s c i e n t i s t s  who conduc ted  it ,  and in  the  op in ion  of m o s t  of the  c o u n -  
t r i e s  o f f i c i a l l y ,  was  t ha t  i t  was  an  a s t o n i s h i n g  s u c c e s s .  The  r e a s o n  i s  
t h a t  i t  w a s  p r a c t i c a l l y  f r e e  f r o m  p o l i t i c s  and  d i s a g r e e m e n t s  b e t w e e n  
c o u n t r i e s .  The  s c i e n t i s t s  a r e  p roud  of the  f ac t  t h a t  t h e y  h a n d l e d  i t .  
The  g o v e r n m e n t  s u p p o r t e d  i t  in  e a c h  c o u n t r y ,  but  the  s c i e n t i s t s  c a r -  
r i e d  i t  out.  T h e r e  w e r e  a l l  s o r t s  of e x a m p l e s  of c o o p e r a t i o n ,  a s  t h e r e  

17 



IBO 

w e r e  in the  A n t a r c t i c ,  w h e r e  t h e r e  r e a l l y  was  an e x c h a n g e  of i n f o r -  
m a t i o n .  

On the  whole  it was  a r e m a r k a b l e  e f fo r t .  We l e a r n e d  f a r  m o r e  
about  g e o p h y @ l c s - - t h e  e a r t h  and the s p a c e  ou t s i de  the  e a r t h - - t h a n  we 
had  known b e f o r e ;  and we a c q u i r e d  m a t e r i a l  fo r  r e s e a r c h  fo r  m a n y  
y e a r s  to c o m e  which  wi l l  undoub t ed ly  have  i t s  m o s t  i m p o r t a n t  e f f ec t  
in  s t r e n g t h e n i n g  f u n d a m e n t a l  k n o w l e d g e  in a n u m b e r  of f i e l d s .  

As to  i t s  w e a k n e s s e s ,  s o m e  c o u n t r i e s  had d i f f i cu l ty  in  c a r r y i n g  
out t h e i r  w o r k  a s  c o m p l e t e l y  as  t hey  would  have  l iked ,  l a r g e l y  for  
f i n a n c i a l  r e a s o n s .  T h i s  was  no faul t  of t h e i r s ,  and I d o n ' t  th ink  it  was  
s e r i o u s .  Rea l ly ,  the  only  i n s t a n c e  I can  th ink  of in wh ich  the  IGY was  
no t  s u c c e s s f u l  was  the  f a i l u r e  of the  R u s s i a n s  to g ive  us  c e r t a i n  t y p e s  
of i n f o r m a t i o n .  F o r  e x a m p l e ,  t h e y  w o u l d n ' t  t e l l  us  any th ing  about  
t h e i r  r o c k e t  p r o g r a m s  or t h e i r  s a t e l l i t e  p l a n s .  And e v e n  ye t  t h e y  d o n ' t  
g ive  us  r a w  i n f o r m a t i o n  about  r e s e a r c h  f ind ings  by t h e s e  r o c k e t  and 
s a t e l l i t e  p r o b e s .  T h e y  g ive  us  the  r e s u l t s  a f t e r  a n a l y s i s  and a f t e r  
t h e y  have  b e e n  put  in to  a f o r m  tha t  can  be p u b l i s h e d .  No s c i e n t i s t  i s  
happy  wi th  tha t .  It i s  not  a sound  m e t h o d ,  b e c a u s e  they  m a y  have  m a d e  
s o m e  m i s t a k e s  in the a n a l y s i s .  T h e y  m a y  c l a i m  th ings  tha t  a r e  not  
so .  In s c i e n c e  you a l w a y s  have  to  go back  to  the p r i m a r y  r e s u l t s  b e -  
. fore you can  be s u r e  of wha t  the  o t h e r  f e l l ow  d o e s .  If t h i s  w e r e  not  
t r u e ,  s c i e n c e  could  not  m a k e  the sound p r o g r e s s  it d o e s .  I t h i n k  th i s  
was  p e r h a p s  the  o u t s t a n d i n g  w e a k n e s s  of the IGY. 

As  to  w h e t h e r  we shou ld  have a n o t h e r  r i g h t  away,  m o s t  s c i e n -  
t i s t s  would  say  no.  We a r e  c a r r y i n g  on in  c e r t a i n  f i e l d s  tha t  have  
e m e r g e d  as  con t inu ing  f i e ld s  of i n t e r e s t .  M e t e o r o l o g y  has  a l w a y s  
b e e n  one .  C e r t a i n l y  t h e r e  i s  g r e a t  i n t e r e s t  in  the  s u b j e c t  of o c e a n -  
o g r a p h y .  The  I n t e r n a t i o n a l  Counc i l  of S c i e n t i f i c  Unions  has  c r e a t e d ,  
as  you p e r h a p s  knows a s c i e n t i f i c  c o m m i t t e e  on o c e a n i c  r e s e a r c h .  
Th i s  c o m m i t t e e  i s  f o r m u l a t i n g  p l ans  fo r  the na t ions  to c o o p e r a t e  in 
o c e a n o g r a p h i c  r e s e a r c h .  The  Un i t ed  S t a t e s  has  a g r e e d  to  p a r t i c i p a t e  
in a s p e c i a l  s u r v e y  of the  Ind ian  Ocean ,  w h i c h  s c i e n t i f i c a l l y  is  v e r y  
i n t e r e s t i n g .  F r o m  the  s t andpo in t  of o c e a n o g r a p h y  v e r y  l i t t l e  i s  known 
about  i t .  It i s  a m a t t e r  of g r e a t  i n t e r e s t  to  our  Navy,  fo r  e x a m p l e .  

A t t e m p t s  a r e  be ing  m a d e  to have  w o r l d w i d e  p r o g r a m s  in s p a c e  
r e s e a r c h ;  but  tha t ,  fo r  obv ious  r e a s o n s ,  r u n s  in to  d i f f i c u l t i e s .  We 
have  la id  a p lan  b e f o r e  the  U . N .  i~ th i s  c o n n e c t i o n .  U l t i m a t e l y ,  c e r -  
ta in ty ,  s o m e t h i n g  ha s  got to be a g r e e d  to .  If  we  have  f r e e d o m  of the  
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s e a s ,  o s t e n s i b l y ,  t h e r e  s e e m s  no l o g i c a l  r e a s o n  why ou t e r  s p a c e  
s h o u l d n ' t  be s u b j e c t  to  the s a m e  k ind  of r u l e s .  I t ' s  go ing  to  be d i f f i -  
cu l t  to  ge t  t o g e t h e r  on tha t  one.  

One of the m o s t  no tab le  a c h i e v e m e n t s  of~this c o u n t r y  a s  a r e s u l t  
of the  IGY w a s  the  p r o m o t i o n  and the  f i na l  a c c e p t a n c e ,  wh ich  s e e m s  to 
be  go ing  t h r o u g h  now, of the A n t a r c t i c  T r e a t y ,  w h i c h  d e s i g n a t e s  
A n t a r c t i c a  a s  a r e g i o n  w h e r e  the c o u n t r i e s  w i l l  c o o p e r a t e  in  s c i e n t i f i c  
r e s e a r c h  and in  e x c l u d i n g  m i l i t a r y  o p e r a t i o n s  f r o m  the a r e a .  T h i s  i s  
a r e a l  a c h i e v e m e n t ,  and i t  i s  go ing  f o r w a r d .  

A s i d e  f r o m  t h e s e  s p e c i a l  f i e l d s  w h i c h  c o m e  up, the  idea  of do ing  
the  whole  th ing  goes  b a c k  to  the o r i g i n a l  c o n c e p t i o n  of the IGY, wh ich  
s t a r t e d  wi th  an  I n t e r n a t i o n a l  P o l a r  Y e a r  b a c k  in  1883. At tha t  t i m e ,  
about  fou r  o r  f ive  c o u n t r i e s  got  t o g e t h e r  and l e a r n e d  a l i t t l e  about  the  
A r c t i c  fo r  the  f i r s t  t i m e .  F i f t y  y e a r s  l a t e r ,  in  1932-33, t h e y  had a n -  
o the r  P o l a r  Y e a r ,  in w h i c h  11 or  12 c o u n t r i e s  w e r e  i nvo lved .  Then ,  
j u s t  t h r e e  o r  four  y e a r s  b e f o r e  the IGY, a few s c i e n t i s t s  f r o m  a b r o a d  
w e r e  m e e t i n g  out in  S i l v e r  S p r i n g  wi th  L loyd  B e r k n e r  and  s o m e  o t h e r s .  
The  q u e s t i o n  w a s  r a i s e d ,  " W h e n  a r e  we go ing  to have  a n o t h e r  P o l a r  
Y e a r ? "  Someone  sa id ,  " L e t ' s  m a k e  i t  an  I n t e r n a t i o n a l  G e o p h y s i c a l  
Y e a r . "  T h e n  s o m e o n e  e l s e  r e m a r k e d :  " W h y  wai t  50 y e a r s ?  W e ' v e  
got  lo t s  of new t e c h n i q u e s .  W e ' v e  got  lo t s  m o r e  s c i e n t i s t s  now. Why 
not  m a k e  i t  25 y e a r s ? "  T h a t  was  the  o r i g i n  of the IGY. 

The  1957-58 p e r i o d  was  c h o s e n  b e c a u s e  of m a j o r  s o l a r  a c t i v i t y .  
The  g e n e r a l  f e e l i n g  i s  tha t  we s h o u l d n ' t  t r y  the  whole  job a g a i n  in a 
s h o r t e r  i n t e r v a l  than  25 y e a r s .  But  w h e r e  the  f i e l d s  a r e  i m p o r t a n t  
t h e y  a r e  b e i n g  con t i nued .  

QUESTION:  D r .  W a t e r m a n ,  you m e n t i o n e d  tha t  t h e r e  a r e  s o m e  
24 F e d e r a l  a g e n c i e s  engaged  in r e s e a r c h  and d e v e l o p m e n t .  I would 
i m a g i n e  t ha t  e a c h  of t h o s e  24 i s  do ing  a c e r t a i n  a m o u n t  of wha t  you 
c a l l  b a s i c  r e s e a r c h .  I s u p p o s e  t ha t  t h e y  have  to c o m p e t e  for  the  d e v e l -  
o p m e n t  p r o j e c t s  and p r o d u c t i o n  and g e t t i n g  funds .  I w o n d e r  if  you  or  
the  N a t i o n a l  S c i e n c e  B o a r d  have  a n y  t h o u g h t s  or  p o l i c y  f o r m u l a t i o n  on 
w h e t h e r  or  not  t h e s e  p a r t i c u l a r  a c t i v i t i e s  of b a s i c  r e s e a r c h  shou ld  not  
be put  u n d e r  one u m b r e l l a ,  so  tha t  t h e y  m i g h t  have  a b e t t e r  c h a n c e  of 
g e t t i n g  t h e i r  f a i r  s h a r e  of funds .  
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DR. WATERMAN: T h a t ' s  a good q u e s t i o n  and i t  has  b e e n  a s k e d  
a n u m b e r  of t i m e s .  I t h ink  the s h o r t  a n s w e r  is  tha t  t h e y  w o u l d n ' t  ge t  
as  m u c h  m o n e y  as t h e y  a r e  ge t t i ng  now.  If you put  b a s i c  r e s e a r c h  in  
one pocke t ,  s ay  the N a t i o n a l  Sc i ence  Founda t ion ,  we would  not  ge t  as  
m u c h  m o n e y  as  is  p r e s e n t l y  m a d e  a v a i l a b l e  fo r  b a s i c  r e s e a r c h  when  
it  i s  d i v i d e d  a m o n g  the  d i f f e r e n t  a g e n c i e s .  P r o b a b l y  the r e a s o n  is  
t h i s :  When  a g i v e n  agency ,  l e t ' s  s ay  the  A t o m i c  E n e r g y  C o m m i s s i o n ,  
fo r  e x a m p l e ,  or  one of the  D e p a r t m e n t s  of D e f e n s e - - A r m y ,  Navy,  o r  
A i r  F o r c e - - g o e s  out for  b a s i c  r e s e a r c h ,  i t  can  m a k e  a v e r y  s t r o n g  
c a s e  fo r  tha t  r e s e a r c h ,  b e c a u s e  i t  u n d e r l i e s  t h ings  tha t  e v e r y b o d y  
knows  have  to be done .  T h e y  can  s ay  tha t  t h e y  have  to have  a b e t t e r  
b a c k g r o u n d  and b e t t e r  i n f o r m a t i o n  in o r d e r  to  p lan  d e v e l o p m e n t  and 
le t  our  e n g i n e e r s  have  the m o d e r n  da ta  and i d e a s  that  c o m e  out of 
s c i e n c e .  Th i s  is  a v e r y  c o n v i n c i n g  a r g u m e n t ,  you s e e .  

M o s t  of the  r e s e a r c h  and d e v e l o p m e n t  a g e n c i e s  tha t  have  p r a c t i -  
ca l  m i s s i o n s  m a k e  a s t r o n g  c a s e  fo r  the b a s i c  r e s e a r c h  In tha t  a r e a .  
We in the  F o u n d a t i o n  have no  such  p r a c t i c a l  m i s s i o n .  We j u s t  s u p p o r t  
i t  fo r  the s a k e  of s c i e n c e .  T h a t ' s  a v e r y  e l u s i v e  m e t h o d .  I t ' s  a v e r y  
i m p o r t a n t  one,  b e c a u s e  it  e n a b l e s  one to m a k e  th i s  i n v e s t m e n t  in r e -  
s e a r c h  in a c o m p r e h e n s i v e  way, and you d o n ' t  know w h e r e  you a r e  
go ing  to ge t  r e t u r n s ,  e x c e p t  s t a t i s t i c a l l y ,  and then  you know t h e y  wi l l  
be  good.  But th is  is  a weak  a r g u m e n t  c o m p a r e d  to the b a c k i n g  of 
r e s e a r c h  for  a p a r t i c u l a r  m i s s i o n ,  and tha t  is  why I th ink  we ga in  m o r e  
u n d e r  the p r e s e n t  s y s t e m .  

I have  had d i r e c t  e x p e r i e n c e  wi th  Navy,  for  e x a m p l e .  I do know 
the  va lue  of b a s i c  r e s e a r c h  to an a g e n c y  l ike  that ,  wh ich  is  c o n c e r n e d  
wi th  d e f e n s e  m a t t e r s .  In p l ann ing  the f e a s i b i l i t y  of d e v e l o p m e n t ,  i f  
you have  the l a s t  w o r d  in the  s t a t e  of the a r t ,  and the k n o w l e d g e  of 
s c i e n c e  u n d e r l y i n g  the  d e v e l o p m e n t  tha t  you p lan ,  you can  s t a t e  m u c h  
m o r e  a c c u r a t e l y  w h e t h e r  or  not  it i s  f e a s i b l e .  You can  a l s o  p i ck  out 
the  h igh  spo t s  w h e r e  p r o g r e s s  is be ing  m a d e  and p o s s i b l y  spo t  s o m e  
new d e v e l o p m e n t  to c o n s i d e r  fo r  the f i r s t  t i m e .  T h e s e  a r e  t h i n g s  tha t  
m a t t e r  v e r y  m u c h  to  the  m i s s i o n  of the  a g e n c y .  I fo r  one a m a l l  fo r  i t .  

QUESTION: To what  d e g r e e ,  Dr .  W a t e r m a n ,  m i g h t  i t  be a s s u m e d  
tha t  the  R u s s i a n  a d v a n c e s  in b a s i c  s c i e n c e  m i g h t  be h a r m e d  by  t h e i r  
i d e o l o g y  and the  fact  tha t  t h e y  have c o n t r o l  o v e r  m o s t  e v e r y t h i n g ?  
Wi l l  t h i s  h a r m  t h e m  in the  long run  in  t h e i r  bu i ld ing  and m i s s i o n s  ? 
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DR. WATERMAN: It has  the p o s s i b i l i t y  of doing g r e a t  h a r m .  
Whe the r  i t  a c tua l l y  does or not depends  on how they  go at  i t .  F o r  
example ,  the po l i t i c a l  appoin tment  of Lysenko  a~ head of the b io log ica l  
r e s e a r c h  in R u s s i a  was  a t e r r i b l e  m i s t a k e .  It' s~t  t h e i r  b io logy  back 
y e a r s j  because  his  p r i n c i p l e s  we re  unsound;  and th i s  r e a l l y  hur t  t hem.  

In o ther  f i e lds  two th ings  a r e  happening in R u s s i a  r i gh t  now, and 
t hey  a r e  th ings  tha t  have to be watched .  One is  that  they  a r e  backing  
s c i ence  in the f i e lds  that  unde r l i e  the t echno logy  tha t  they  need,  jus t  
a s  we do. The o ther  is  that  in m o s t  f ie lds  of s c i ence  they  do not i n t e r -  
f e r e  as  t hey  did in biology.  They  do give the s c i e n t i s t s  f r ee  r e in ,  which  
is  not so  wel l  known. They  give them high p r e s t i g e ,  high s a l a r i e s ,  and 
f r e e d o m  to do as  they  wish  in f ie lds  tha t  don ' t  m a t t e r  d i r e c t l y  to de fense .  
As long as  t hey  hold to tha t  phi losophy,  i f  t hey  can,  they have the s a m e  
kind of advantage  we have .  

But t h e r e  a r e  cu r ious  l i t t le  th ings  about th i s .  F o r  example ,  we 
a r e  doing a lot of work  now in t r a n s l a t i n g  s c i ence  out of R u s s i a n  for  
the benef i t  of our  people here ,  and we see  the mos t  a m u s i n g  th ings .  
A v e r y  d i s t i ngu i shed  R u s s i a n  s c i e n t i s t  will  have a r e g u l a r  s e r i e s  of 
p a p e r s  coming  out on r e s e a r c h .  On about  e v e r y  f if th or  s i x th  p a p e r  he 
wi l l  s t r i n g  in a p a r a g r a p h  about the i m p o r t a n c e  of c o m m u n i s m ,  r i g h t  
in the midd le  of the pape r .  Appa ren t l y  he has  to do th i s  or he d o e s n ' t  

m a i n t a i n  h is  job. 

There's the trouble, you see. A man who doesn't do this may 
be put out of a job, and they lose a good man. Things like that are 
insidious. But if they keep hands off, they are to be reckoned with. 

QUESTION: Dr. Waterman, you mentioned that the Russians 
are ahead of us in research in oceanography. I wonder if you would 

comment on their advances. 

DR. WATERMAN: Yes .  I think,  as  I put it ,  tha t  t hey  a r e  be t -  
t e r  o rgan ized  and have b e t t e r  f a c i l i t i e s  for  oceanog raphy  than we have .  
They  do not have b e t t e r  o c e a n o g r a p h e r s .  Our people have been  hand i -  
capped by the lack  of funds and equ ipment .  The R u s s i a n s  have s o m e -  
th ing  of the o r d e r  of a dozen sh ips  for  oceanography ,  and one of t h e m  
v i s i t e d  th i s  coun t ry .  They  a r e  v e r y  wel l  equipped for  oceanograph ic  
r e s e a r c h .  
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We've  made  do with v e s s e l s  tha t  a r e  25 or  30 y e a r s  old and have 
t r i e d  to keep them in r e p a i r ,  and we 've  adapted  a few Navy tugs  for  the  
p u r p o s e .  Only now a re  we bui ld ing r e a l l y  m o d e r n  oceanograph ic  v e s -  
s e l s .  The Navy is  bu i , t~ i~  at  l e a s t  one. We have one under  cons t ruc -  
t ion  now, and we wil l  have ano the r  one next  y e a r .  Our  s h o r e - b a s e d  
f a c i l i t i e s  a s s o c i a t e d  with these  v e s s e l s  need j ack ing  up, too.  

The q u a l i t y  of the work  done by our people i s  good. T h e r e  i s  
no ques t ion  about t h e i r  a b i l i t y  in t h e i r  f ie ld .  I t ' s  r e a l l y  the f a c i l i t i e s  
that  we have g iven t h e m  to work  with tha t  a r e  at  faul t .  If you don ' t  have 
f a c i l i t i e s  to exp lo re  the oceans ,  then you don ' t  have data ,  and you c a n ' t  
do r e s e a r c h .  The R u s s i a n s  a r e  doing tha t .  

QUESTION: Doctor ,  would you ca re  to commen t  on the e f fec t  of 
m i l i t a r y  s e c u r i t y  on r e s e a r c h  and d e v e l o p m e n t ?  

DR. WATERMAN: Well ,  th is  i s  a sub jec t  you have a l l  no doubt 
d i s c u s s e d  m a n y  t i m e s .  I have been  involved in i t  m a n y  t i m e s ,  too. 

Of c o u r s e ,  if you a r e  t a lk ing  about  r e s e a r c h  and deve lopmen t  
in g e n e r a l ,  and deve lopmen t  p r o j e c t s  in p a r t i c u l a r ,  t h e r e  i s  no ques -  
t ion about  the need for  s e c u r i t y .  In appl ied r e s e a r c h ,  when you a r e  
ge t t ing  an idea and you a r e  t r y i n g  to see  whe the r  it  is  f ea s ib l e  or not,  
it has  to be watched for  s e c u r i t y  r e a s o n s ,  in j u s t  the way tha t  an  i ndus -  
t r i a l  company  keeps  such  th ings  under  wraps  in o r d e r  to m a i n t a i n  t r a d e  
s e c r e c y .  I t ' s  a s i m i l a r  kind of thing,  but of c o u r s e  i t  is  much  m o r e  
i m p o r t a n t  in na t iona l  s e c u r i t y .  

When it  c o m e s  to s c i ence  and ba s i c  r e s e a r c h ,  the way I would 
put it i s  th i s :  G e n e r a l l y  speaking ,  the d i s c o v e r i e s  in ba s i c  r e s e a r c h  
a r e  not made  by  one nat ion  25 y e a r s  be fore  the o the r s  get  i t .  The 
s c i e n t i s t s  in the world  have p r e t t y  good commun ica t i on ,  by and l a r g e .  
They  see  each  o t h e r ' s  r e p o r t s  and they  ta lk  to each  o ther .  So the 
s t a t e  of the a r t ,  we migh t  say ,  in b a s i c  r e s e a r c h  is  v e r y  n e a r l y  s i m u l -  
t aneous  in the advanced  coun t r i e s ,  such  as  the UK, G e r m a n y ,  and R u s -  
s i a .  So t h e r e  i s n ' t  v e r y  m u c h  chance  tha t  you can  s t e a l  a m a r c h  on s o m e -  
one e l s e  and get  away  with it  for  v e r y  long.  

Bes ide s ,  in th i s  m a t t e r  of s c i ence ,  the c o m m u n i c a t i o n  of s c i e n -  
t i f ic  r e s u l t s  is  a g r e a t  a s s e t  toward  p r o g r e s s .  When a m a n  m a k e s  a 
d i s c o v e r y ,  i f  he can ta lk  to a l l  the people  in that  s a m e  f ield,  they  a r e  
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s t i m u l a t e d  to con f i rm  what  he does ,  they  get  ideas  for  expanding h i s  
work,  and he h i m s e l f  bene f i t s  and m a k e s  g r e a t e r  p r o g r e s s .  So t h e r e  
is  a m a s s  effect  which m e a n s  tha t  if  you.have good communica t ion ,  
you make  much  m o r e  r ap id  p r o g r e s s .  

I am su re  you have a l l  s een  th i s  in h ighly  s e c u r e  p r o j e c t s ,  where  
i t  i s  d i f f icu l t  to make  p r o g r e s s ,  b e c a u s e  you c a n ' t  b r i n g  in enough of 
the r i g h t  people .  So aga in  in b a s i c  r e s e a r c h  you have an  e n o r m o u s  
advantage  if  you can have f r ee  c o m m u n i c a t i o n .  It s t r e n g t h e n s  the whole 
e f fo r t  and i n c r e a s e s  i t s  pace .  It m a y  be, and I am inc l ined  to  th ink so, 
tha t  in s c i e n c e  and e s p e c i a l l y  in b a s i c  r e s e a r c h  your  b e s t  a s s e t  is  keep-  
ing ahead  and n e v e r  mind  t r y i n g  to keep it  under  wraps  u n l e s s  i t  ge t s  
into app l i ca t ion .  It i s  f a r  m o r e  i m p o r t a n t  to put a l l  your  e f fo r t  into 
t r y i n g  to make  p r o g r e s s  and keeping  ahead of the o ther  fe l low.  

I wLt~ s a y  tha t  t h e r e  a r e  some  poin ts  tha t  a r e  t r o u b l e s o m e  h e r e .  
I would a g r e e  tha t  c e r t a i n  m a t t e r s  tha t  a re  v e r y  c r i t i c a l  to a deve lop-  
m e n t  would undoubtedly  need to be kept  s e c u r e ,  but I would hope tha t  
th i s  would be done for  a l imi t ed  t ime  only.  

At the t ime  tha t  G e r m a n y  o v e r r a n  F r a n c e  t he r e  was a ~omewhat  
ana logous  s i tua t ion .  Al l  the c o u n t r i e s  had v e r y  e l a b o r a t e  me thods  for  
p r o j e c t i n g  o r d e r s  in such  a way tha t  the e n e m y  wouldn ' t  get  them,  of 
c o u r s e - - t h e  old s y s t e m .  But, as  I u n d e r s t a n d  it,  when G e r m a n y  
s t a r t e d  o v e r r u n n i n g  F r a n c e ,  she d idn ' t  bo ther  about the s e c u r i t y  Sys -  
t e m  and put o r d e r s  r i g h t  out in the open when she went into ac t ion .  The 
t i m e  advantage  of ge t t ing  these  th ings  unde r s tood  quickly  made  a g r e a t  
d i f f e r e n c e .  

I t ' s  a l i t t l e  the s a m e  kind of th ing with th i s  bas i c  r e s e a r c h .  If 
you can keep ahead of the o ther  fel low, then you 've  got the advantage ,  
and if you t r y  to  withhold the i n f o r m a t i o n  you m a y  not s t a y  ahead .  I t ' s  
a t r o u b l e s o m e  ques t ion .  

QUESTION: Dr .  W a t e r m a n ,  the Soviet  Navy m a i n t a i n s  p e r h a p s  
the l a r g e s t  s u b m a r i n e  f l ee t  the wor ld  has  e v e r  known. Do you have 
an opinion, s i r ,  a s  to the r e l a t i o n  of t h e i r  oceanograph ic  r e s e a r c h  to 
the opera t ion  of th i s  s u b m a r i n e  f l e e t ?  

DR.  WATERMAN: I t ' s  v e r y  i m p o r t a n t .  T h e r e  is  jus t  no ques -  
t ion about  i t .  
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..... 1 8 6  

S T UDE NT :  In what  a r e a s ,  s i r ,  would yoh  s a y  tha t  t h e i r  r e s e a r c h  
i s  b e i n g  a s s i s t e d ?  

DR.  WATERMAN:  

S T U D E N T :  Yes ,  

In o c e a n Q ~ r a p h y ?  

s i r .  The  r e s e a r c h  in  o c e a n o g r a p h y .  

DR.  WATERMAN:  Oh, in  an  e n o r m o u s  n u m b e r  of w a y s .  I a m  
s u r e  tha t  i f  t h e r e  a r e  s u b m a r i n e r s  p r e s e n t  t h e y  c a n  b a c k  me  up on 
t h i s .  I u s e d  to know a good m a n y .  

In  the f i r s t  p l a c e ,  you have  the c o n t o u r  of the o c e a n  f loo r ,  w h i c h  
i s  j u s t  l ike  the l and .  It  goes  down to d e p t h s  c o r r e s p o n d i n g  to the  h e i g h t  
of Mount  E v e r e s t ,  o r  m o r e ,  and i t  h a s  m o u n t a i n  r i d g e s  and v a l l e y s  and 
p l a t e a u s .  In o r d e r  to n a v i g a t e  n o w a d a y s ,  one n e e d s  to  know t h e s e  v e r y  
p r e c i s e l y ,  fo r  a l l  s o r t s  of r e a s o n s :  to avo id  r u n n i n g  in to  t r o u b l e ,  to  
know p l a c e s  w h e r e  you  can  h ide ,  or  w h e r e  s o m e o n e  e l s e  m a y  be l u r k -  
ing .  J u s t  the  n a v i g a t i o n  i s  an  i m p o r t a n t  p r o b l e m ,  but  the  i m p o r t a n c e  
of o c e a n o g r a p h y  to s u b m a r i n e  o p e r a t i o n s  goes  a w a y  beyond  t h a t .  F o r  
a s u b m a r i n e  to o p e r a t e  s u c c e s s f u l l y ,  i t  h a s  to know the t e m p e r a t u r e ,  
the  s a l i n i t y ,  and the  d i r e c t i o n  of c u r r e n t s .  

A l s o  we need  to know m u c h  m o r e  sub t l e  t h i n g s .  F o r  i n s t a n c e ,  
c a n  we u s e  o t h e r  d e v i c e s  t han  the c o m m o n  ones  fo r  n a v i g a t i o n ?  I f  
so ,  y o u ' v e  got to have  m u c h  m o r e  in  the  w a y  of g e o p h y s i c a l  m e a s u r e -  
m e n t s  u n d e r  the  o c e a n - - g r a v i t y  m e a s u r e m e n t s  and t h i n g s  l ike  t h a t - -  
f o r  m a t t e r s  of l o c a t i o n .  The  d e g r e e  of t r a n s p a r e n c y  of the  w a t e r  fo r  
s o n a r  or  a n y  of the  m e t h o d s  fo r  c o m m u n i c a t i o n  h a s  got to be s t u d i e d .  
One has  to know not  j u s t  a v e r a g e  c o n d i t i o n s  but  s p e c i a l  c o n d i t i o n s  in  
c e r t a i n  l o c a l i t i e s  and how to f ind t h e m .  I t ' s  a l a r g e  s u b j e c t .  

QUESTION:  D r .  W a t e r m a n ,  m y  q u e s t i o n  c o n c e r n s  the e x c h a n g e  
of i n f o r m a t i o n  and da t a  on r e s e a r c h  wi th in  the f r e e  w o r l d .  About  a 
y e a r  or  so  ago  I was  in  London  and I was  s t r u c k  wi th  the  f r i e n d s  t h e r e  
of ONR and  who w e r e  engaged  in  i t .  I w o n d e r  i f  t h e r e  a r e  a n y  o t h e r  
o r g a n i z a t i o n s  do ing  t h i s  and if  t h e r e  is  a need  fo r  m o r e  of i t  u n d e r  
m o r e  c e n t r a l i z e d  s u p e r v i s i o n .  

DR.  WATERMAN:  You m e a n  j u s t  in the  w a y  of k e e p i n g  in touch  
wi th  what  is  go ing  on a b r o a d ?  Y e s .  One way  in  wh ich  s c i e n c e  d o e s  
t h i s  i s  t h r o u g h  the  peop le  in a l l  the  f i e l d s  of s c i e n c e  who t r a v e l  a b r o a d .  
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When  we s e n d  Sc i ence  F o u n d a t i o n  p e o p l e  to i n t e r n a t i o n a l  m e e t i n g s  o r  
on s p e c i a l  r e s e a r c h  m i s s i o n s ,  we a l w a y s  a s k  t h e m  to give us  a r e p o r t  
of what  t h e y  have found.  Then  we p a s s  th is  on to the  i n t e r e s t e d  p e o p l e .  

The s y s t e m a t i c  c o l l e c t i o n  of i n f o r m a t i o n ,  s u c h  as  ONR in London  
d o e s ,  i s  a v e r y  va luab l e  th ing .  Th i s  was  t a k e n  o v e r  f r o m  the  OSRD 
a f t e r  the  war ,  and i t  has  r e s u l t e d  in a v e r y  good k n o w l e d g e  of what  is  
go ing  on in s c i e n c e  in E u r o p e .  

The  State D e p a r t m e n t  now has  s c i e n c e  a d v i s e r s  in about  s ix  
c o u n t r i e s .  When  they  ge t  w e l l  w o r k e d  in and have  t h e i r  f ee t  on the 
g round ,  t h e i r  o f f i ces  wi l l  s e r v e  as  s i m i l a r  c e n t e r s  wi th  the a s s i s t a n c e  
of i n t e r e s t e d  a g e n c i e s .  As a m a t t e r  of fact ,  we have  a g r e e d  to  f u r n i s h  
the State  D e p a r t m e n t  a s s i s t a n c e  in  s e c u r i n g  s c i e n t i f i c  i n f o r m a t i o n  in 
o t h e r  c o u n t r i e s .  We have  j u s t  s e n t  two peop l e  to  Tokyo,  for  e x a m p l e ,  
a s  the  r e s u l t  of a lot  of d e l i b e r a t i o n s ,  to do tha t  k ind  of e x c h a n g e  of 
i n f o r m a t i o n .  The J a p a n e s e  a r e  a l i t t l e  j i t t e r y  about  th i s  k ind  of thing,  
so  we a r e  going about  i t  a b i t  s l owly .  The  c h a n c e s  a r e  tha t  we m a y  
expand  th i s  o p e r a t i o n  to o t h e r  c o u n t r i e s .  

A p a r t  f r o m  that,  the t h r e e  s e r v i c e s  a r e  s u p p o r t i n g  r e s e a r c h ,  a s  
you know, in  E u r o p e  and a few o t h e r  p l a c e s ;  and the  r e p o r t s  tha t  c o m e  
back  on tha t  r e s e a r c h  g ive  us  i n f o r m a t i o n  about  what  the  s c i e n t i s t s  of 
t h o s e  c o u n t r i e s  a r e  do ing .  But th i s  is  not  a s y s t e m a t i c  e f fo r t ,  as  the 
o t h e r  i s .  

I th ink  one can  say,  then ,  tha t  the k ind  of t h ing  ONR in London  
i s  do ing  i s  va luab l e  and, i f  th~s e x p e n s e  i s  r e g a r d e d  as  j u s t i f i ab l e ,  it  
cou ld  w e l l  be  done  in the F a r  E a s t  and in  E u r o p e  and in any of the  
r e g i o n s  w h e r e  ac t i ve  w o r k  is  go ing  on tha t  we n e e d  to know a b o u t - -  
in Moscow,  fo r  tha t  m a t t e r .  

QUESTION: Doc to r ,  we have  r e a d  o v e r  the l a s t  s e v e r a l  y e a r s  a 
lo t  about  the  s h o r t a g e  of y o u n g s t e r s  e n t e r i n g  the  s c i e n c e  f i e ld .  Bow 
s e r i o u s  is  th is ,  and i s  the s h o r t a g e  in  n u m b e r s  o r  in q u a l i t y ?  Or  
b o t h ?  

DR. WATERMAN: I t t s  r e a l l y  both .  I s u p p o s e  one can  s a y  tha t  
the  peop le  who have  a yen  fo r  s c i e n c e  and know it  r i g h t  away,  who know 
what  t h e y  want  to  do, w i l l  c o m e  in u n d e r  any  s y s t e m .  T a l k i n g  f i r s t  
about  the  g i f ted  peop le ,  the  l o s s  in t h i s  c o u n t r y  is  qui te  s e r i o u s  in  a l l  
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fields from high school to college. Of those who have the capacity and 
the ability to develop their education in certain lines, especially in the 
s c i e n c e s ,  a lot  a r e  s i m p l y  not going to co l lege .  This  is  s o m e t i m e s  
owing to lack  of f inandiab ~ e s o u r c e s ,  but in our s tud ies  we find it is  
m o r e  often a m a t t e r  of jus t  l ack  of i n t e r e s t  on the pa r t  of the f ami ly .  
T h e r e  is  no co l lege  t r a d i t i o n  and no r e a s o n  that  they  can see why t h e i r  
son can ' t  get a job in the t r a d e s .  The re  a re  good jobs ava i l ab le  on 
which he can r a i s e  a f a m i l y  and t ha t ' s  what he wants .  So why should 
he bo the r  about going to co l l ege?  

We do find something of the order of 200, 000 high school grad- 
uates each year who are in the upper 25 percent of their classes and 
who do not go on to college. I am not maintaining that they all should, 
by any means. But these are gifted people, and probably many of them 
are simply not developing their capabilities. Among them are quite a 
fair number who would be good in science. 

In that  sense  we a r e  los ing  the gifted people .  Down th rough  the 
g e n e r a l  popula t ion  the s ame  thing is  p robab ly  t rue ;  and what hu r t s  us 
is  not so m u c h  those  who a r e  not  going into s c i e n c e - - b e c a u s e  they  m a y  
not have the capab i l i t y  of going v e r y  f a r - - b u t  what does hur t  is  tha t  
m a n y  of those  who have p e r s o n a l  qua l i f i ca t ions  and could go into t each ing  
a r e  not doing so.  If t h e r e  is  one thing we need now, it i s  be t t e r  t e ach -  
e r s ,  e s p e c i a l l y  i n s c i e n c e .  We need them not only because  of the i m p o r -  
t ance  of the s u b j @ ~  but, with the emphas i s  on sc i ence ,  people  who have 
t r a i n i n g  in sc i ence  a r e  in so much  demand that  the s e c o n d a r y  schools ,  
for  ins tance ,  a r e  ra ided ,  and the co l l eges  a re  r a ided ,  s i m p l y  because  
the jobs a r e  not a t t r a c t i v e  enough s a l a r y w i s e  and o t h e r w i s e .  T h a t ' s  
where  we a re  los ing  a g rea t  m a n y  t e a c h e r s .  

QUESTION: This  quest ion,  Doctor ,  r e l a t e s  to the one tha t  was 
jus t  a sked .  I would l ike to s ay  that  in r e c e n t  months ,  in fact ,  e v e r  
s ince  the f i r s t  sputnik,  t he r e  has  been a g r e a t  dea l  sa id  and a g r e a t  
dea l  wr i t t en  with r e s p e c t  to the inadequac ies  of our  public  schoo l  s y s -  
t em.  My ques t ion  is:  Has the Nat iona l  Science  Foundat ion  a d d r e s s e d  
i t s e l f  in any qual i ta t ive  way to th is  ques t ion?  If so,  what has  been  the 
g e n e r a l  na tu re  of your  f indings,  with spec i f i c  r e f e r e n c e  to the cha rge  
tha t  our  school  s y s t e m s  a r e  put t ing too much  e m p h a s i s  on method  and 
too l i t t l e  on cou r se  content ,  with the c u r r e n t  r e s u l t  tha t  too much  e m p h a -  
s i s  is being placed on human relations and getting along with other 
people rather than on the discipline of the subject itself? 
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DR. WATERMAN: Tha t t s  a sub jec t  tha t  has been  unde r  consid-  
e r a b l e  d i s c u s s i o n  in  the pa s t  few y e a r s .  I th ink the p r e s e n t  t r end  i s  
to acknowledge  th i s :  that ,  a l though a g r e a t  dea l  of e f fo r t  has  been de-  
voted  to i m p r o v i n g  educa t ion  as  a guide to soc i a l  ad jus tmen t :  to deve l -  
oping onels  c h a r a c t e r ,  and a l l  that ,  th i s  has  needed a t ten t ion  and i t  
has  had i t .  But the o ther  has  been neg lec t ed .  I th ink th i s  is  g r a d u a l l y  
be ing  r e a l i z e d .  

I can  i l l u s t r a t e  th i s  fact ,  too, and at the s ame  t ime  a n s w e r  your  
o the r  ques t ion  on what the Science  Foundat ion  has  been doing about  i t .  
One of the f i r s t  th ings  we did, before  sputnik ,  in r ecogn i t i on  of the 
s h o r t c o m i n g s  of t e a c h e r s  of s c i ence ,  was to e s t a b l i s h  some e x p e r i m e n -  
t a l  s u m m e r  i n s t i t u t e s  tha t  were  a t tended by 40 or  50 s e c o n d a r y  schoo l  
t e a c h e r s ;  and we did it  by  f ie lds  of s c i e n c e ,  you see ,  to get  away  f r o m  
the pedagog ica l  a t t i tude and to see  what we could find with r e s p e c t  to 
t h e i r  knowledge of t h e i r  sub j ec t s .  

What  we did was to give a g r a n t  to a g iven ins t i tu t ion  (col lege or  
u n i v e r s i t y )  in r e s p o n s e  to  an app l i ca t ion  to hold such  an in s t i t u t e .  The 
ins t i tu t ion ,  in turn ,  accepted  app l i ca t ions  f rom s e c o n d a r y  school  
t e a c h e r s ,  and on the b a s i s  of t hese  invi ted  40 or  50 high schoo l  t e a c h -  
e r s ,  s a y  of p h y s i c s ,  to spend s ix  to e ight  weeks  dur ing  the s u m m e r .  
The f i r s t  th ing  tha t  developed was t h e i r  e a g e r n e s s  and t he i r  treed to 
know m o r e  p h y s i c s .  T h e y  jus t  w e r e n ' t  sound in the sub jec t .  They  
didnl t  know m u c h  about it,  and t hey  wanted to know m p r  e .  Th rough  an  
invi ted  staff ,  the hos t  i n s t i tu t ion  gave them a cou r se  i n ' p h y s i c s .  The 
m a i n  th ing was to s t r a i g h t e n  them out on that ,  and then,  in the p r o c e s s ,  
t hey  a l so  d i s c u s s e d  t echn iques  of t each ing ,  you s ee .  

Well ,  th i s  had i m m e d i a t e  s u c c e s s .  Now we have in the ne igh-  
borhood of 300 i n s t i t u t e s  e v e r y  s u m m e r .  We e s t i m a t e  tha t  s o m e t h i n g  
l ike 72, 000 high school  t e a c h e r s  in s c i ence  have a t tended these .  In 
e v e r y  ca se  i t  i s  the  s a m e .  T e a c h e r s  t h e m s e l v e s  fee l  a l ack  of knowl-  
edge of the subjec t ,  and they  a r e  i m m e n s e l y  p l e a s e d  when they  get  i t .  
I th ink these  e f fo r t s  ~re  having an impac t ,  because  we now find tha t  the 
t e a c h e r s '  co l l eges  a r e  ge t t ing  i n t e r e s t e d  in some  of t he se  th ings .  

T h a t ' s  one s ide  of i t .  Another  th ing we a r e  doing,  and which 
p e r h a p s  i s  the m o s t  s ign i f i can t  of al l ,  i s  to suppor t  a t ho rough-go ing  
r e v i s i o n  of the cou r se  content  of the four  fundamen ta l  sub j ec t s  in h igh  
schoo l  s c i e n c e - - m a t h e m a t i c s ,  p h y s i c s ,  c h e m i s t r y ,  and b io logy.  Th i s  
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was started by a very interesting movement among the physicists. 
They took a look at the secondary school textbooks on physics and 
found tli~.very out of date, and often inaccurate. They decided they 
would do something about it. So, led by Professor Zacharias of MIT, 
whom many of you may know, they did a remarkable job getting Nobel= 
prize winners, college teacners, and secondary school teachers in 
physics to go over the situation and decide what a good physics text- 
book should be, and to write one experimentally. The same sort of 
thing is now being done in mathematics, in biology, and in chemistry, 
under very good leadership. 

What this will do, you see, will be to provide up-to-date, mod- 
ern textbooks, which are, incidentally, far more interesting than the 
old ones, and along with them teachers' manuals, laboratory methods, 
movies, and possible uses of closed-circult TV. Everything goes 
with it. 

We are backing these efforts as an experiment to show what can 
be done. What the schools do with the results is not our business'. If 
they want to benefit, they can. But the effect is to show the great impor- 
tance of modernizing content. We tried this out in schools and had a 
very surprising resuR. The best students, of course, in the opinion 
of the teachers who tried it, obviously liked this new method best. 
They went further faster. But what was very surprising was that the 
poorer students did better with the present text than they had done with 
the others. 

Now, to answer your question: The colleges where teachers 
are trained and get their certificates noted this, and they are paying 
some interest now to course content. I think this is good. You see, 
if you are after gifted people in science or in any other field, the worst 
thing you can possibly do when a person is first exposed to a subject 
is to give him a dull teacher who doesn't know anything about it. If 
we want our gifted people to go on, we must put them with stimulating 
teachers. If you think back over your schooling--and we have all had 
the same experlence--the teachers you remember are the ones who 
were stimulating. The subjects that they taught, in most people's 
view, have always been live subjects, because they were well taught. 

So, if we are going to get people with a better knowledge of 
science, or anything else, we must cultivate this side of it. The only 

28 



w a y  you  can  i n t e r e s t  good s t u d e n t s  i s  by  t e a c h i n g  the  subjec t  we l l .  
I t h ink  we a r e  m a k i n g  p r o g r e s s ,  but  I m a y  be o p t i m i s t i c .  

QUESTION:  D r .  W a t e r m a n ,  our  p r e v i o u s  s p e a k e r  m e n t i o n e d  
the  d i s a p p e a r a n c e  g e n e r a l l y  of the  g e n e r a l  p r a c t i t i o n e r  in f a v o r  of 
s p e c i a l i s t s  in  m e d i c i n e .  Wi th  the d e v e l o p m e n t  of t e c h n o l o g y  the j ack  
of a l l  t r a d e s  o b v i o u s l y  d o e s n ' t  e x i s t .  I w o n d e r  to  wha t  e x t e n t  in  b a s i c  
r e s e a r c h  you f ind d i f f i c u l t y  wi th  a s p e c i a l i s t  in  one f i e ld  s h a r i n g  i d e a s  
wi th  a s p e c i a l i s t  in  a n o t h e r .  

DR.  WATERMAN:  You do f ind tha t ,  of c o u r s e .  As  s c i e n c e  m o v e s  
on, e s p e c i a l l y  a s  i t  ge t s  m o r e  d i f f i cu l t  and you  have  to  spend  m o r e  
t i m e  to m a s t e r  i t ,  a v e r y  i n t e r e s t i n g  t h ing  h a p p e n s .  O t h e r  f i e l d s  of 
s c i e n c e  wh ich  a r e  on the  f r i n g e s  o r  the p e r i p h e r y  of a m a n ' s  own s p e c -  
i a l t y  a r e  b e c o m i n g  i m p o r t a n t  and s i g n i f i c a n t  to  wha t  he does .  So t h e r e  
i s  an  o f f s e t t i n g  t e n d e n c y  to e s t a b l i s h  f i e l d s  of s t u d y  w h i c h  wi l l  b r i n g  
in,  s a y ,  a p h y s i c i s t ,  a c h e m i s t ,  a m a t h e m a t i c i a n ,  and an  e n g i n e e r .  
The  whole  p r o j e c t  c a n ' t  be done wi thou t  t h e i r  c o m m o n  e f f o r t s ,  you s e e .  
So t h e r e  i s  a t r e n d  to  e s t a b l i s h  i n t e r d i s c i p l i n a r y  s u b j e c t s ,  and t h e r e  
i s  a t r e n d  to s e t  up m e t h o d s  of c o m m u n i c a t i o n  so  t ha t  the  s p e c i a l i s t s  
can  have  a b e t t e r  knowledge  of what  i s  go ing  on about  t h e m ,  i n  a d d i -  
t i o n  to what  t h e y  have  to know fo r  t h e i r  own s p e c i a l t i e s .  T h i s  i s  the  
b e s t  t e n d e n c y  I know of to c o u n t e r b a l a n c e  s p e c i a l i z a t i o n .  

Now, of c o u r s e ,  you a l s o  have  to have  peop le  who have  an o v e r -  
a l l  v i e w  of s c i e n c e .  You get  t h e m  as  co l l ege  d e a n s ,  h e a d s  of d e p a r t -  
m e n t s  in  G o v e r n m e n t  a g e n c i e s ,  h e a d s  of R. & D. , in d i f f e r e n t  p l a c e s .  
T h e s e  peop le  h a v e  a r e a l  p r o b l e m  in k e e p i n g  up to  da te ,  a s  you a l l  know, 
wi th  the  t h i n g s  t ha t  a p p l y  to t h e i r  own s p e c i a l t y ,  wh ich  m a y  not  be 
s c i e n c e  d i r e c t l y .  I m e a n ,  t h e y  m a y  not be s c i e n t i f i c  s p e c i a l i s t s .  

T h e r e  i s  a p r o b l e m ,  and the  p r o b l e m  wi l l  r e m a i n  a s  long a s  i t  
i s  n e c e s s a r y  to s p e c i a l i z e  so  i n t e n s e l y  fo r  so  m a n y  y e a r s  in  o r d e r  to 
m a k e  p r o g r e s s  in  a n a r r o w  f ie ld .  But the  p r o g r e s s  of s c i e n c e  i s  
e m p h a s i z i n g  the n e e d  for  c o n t a c t .  And p e r h a p s  t h a t  i s  our  b e s t  c u r e .  
W h e t h e r  we do i t  or  not,  I don ' t  know.  

C O L O N E L  MORGAN: Both  y o u r  l e c t u r e  and y o u r  a n s w e r s  to  the  
q u e s t i o n s  have  b e e n  o u t s t a n d i n g .  On b e h a l f  of the  C o m m a n d a n t ,  I w i s h  
to  e x p r e s s  a p p r e c i a t i o n  fo r  y o u r  v i s i t  w i th  us  t o d a y  and to t hank  you 
f o r  a v e r y  s i g n i f i c a n t  c o n t r i b u t i o n  to our  c o u r s e .  

(14 Sep 1961- -5 ,  4 0 0 ) B / r b : e h  
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