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Dr.  Lloyd V. B e r k n e r ,  P r e s i d e n t ,  G r a d u a t e  R e s e a r c h  C e n t e r ,  
Da l l a s ,  Texas ,  was b o r n  in Mi lwaukee  on 1 F e b r u a r y  1905. He ho lds  
a B.S .  in EE f r o m  the  U n i v e r s i t y  of Minneso t a  (1927} and did g r a d u a t e  
work  in p h y s i c s  at  G e o r g e  Wash ing ton  U n i v e r s i t y .  He holds  h o n o r a r y  
d o c t o r a t e s  f r o m  B r o o k l y n  P o l y t e c h n i c  Ins t i tu te ,  D a r t m o u t h  C o l l e g e ,  
C o l u m b i a  U n i v e r s i t y ,  and the U n i v e r s i t i e s  o f  Calcut ta ;  Uppsa la ,  
Sweden; Ed inburg ,  Scotland;  and N o t r e  D a m e .  In av i a t i on  he w o r k e d  
wi th  the  D e p a r t m e n t  of C o m m e r c e  in the  i n s t a l l a t i o n  of e a r l y  r a d i o  
r a n g e  e q u i p m e n t .  On a c t i v e  duty as a nava l  a v i a t o r  in Wor ld  War  II 
he  o r g a n i z e d  and h e a d e d  the  R a d a r  Sec t ion  and the E l e c t r o n i c s  M a t e r i e l  
B r a n c h  of the  B u r e a u  of A e r o n a u t i c s ,  s u b s e q u e n t l y  s e r v i n g  on the  U. S. S. 
E n t e r p r i s e  d u r i n g  the  Okinawa o p e r a t i o n s .  He holds  the  g r a d e  of r e a r  
a d m i r a l ,  USNR. He was the  f i r s t  E x e c u t i v e  S e c r e t a r y  to the R e s e a r c h  
and D e v e l o p m e n t  Boa rd ,  l a t e r  Specia l  A s s i s t a n t  to the S e c r e t a r y  of State  
for  the  f i r s t  m i l i t a r y  a s s i s t a n c e  p r o g r a m  of the Nor th  At l an t i c  Pac t ,  and 
C h a i r m a n  of the  Specia l  Survey  C o m m i t t e e  for  the  S e c r e t a r y  of State  to 
e x a m i n e  into the p r o b l e m  of f o r e i g n  r e l a t i o n s ,  a u t h o r i n g  the o f f ic ia l  
State  D e p a r t m e n t  r e p o r t ,  " S c i e n c e  and F o r e i g n  R e l a t i o n s .  " He s e r v e d  
with the  B u r e a u  of S tandards  and the  C a r n e g i e  Ins t i t u t ion  of Wash ing ton  
in r e s e a r c h  r e l a t i n g  to the  phys i c s  of the  ou te r  a t m o s p h e r e  and r a d i o  
p r o p a g a t i o n  and is the  a u t h o r  of n u m e r o u s  pub l i ca t ions  on t h e s e  s u b j e c t s .  
P r i o r  to his  r e c e n t  a p p o i n t m e n t ,  he  was p r e s i d e n t  of A s s o c i a t e d  U n i v e r -  
s i t i e s ,  Inc.  of New Y o r k  ( o p e r a t o r s  of B r o o k h a v e n  Na t iona l  L a b o r a t o r y  
and the  Na t iona l  Radio  A s t r o n o m y  Obse rva to ry} .  He has  p a r t i c i p a t e d  
fo r  m o r e  than 20 y e a r s  in the work  of i n t e r n a t i o n a l  s c i e n t i f i c  unions  and 
is pas t  p r e s i d e n t  of the I n t e r n a t i o n a l  Counc i l  of Sc i en t i f i c  Unions  and 
p r e s i d e n t  of the I n t e r n a t i o n a l  Sc ien t i f i c  Rad io  and was v i ce  p r e s i d e n t  of 
a s p e c i a l  c o m m i t t e e  for  the 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 ,  o r g a n i z i n g  
the  i n t e r n a t i o n a l  p lans  for  s c i e n t i f i c  r e s e a r c h  with r o c k e t s  and s a t e l l i t e s .  
He is a m e m b e r  of the  Na t iona l  A c a d e m y  of S c i e n c e s ,  A m e r i c a n  P h i l o -  
s o p h i c a l  Socie ty  and o the r  l e a r n e d  o r g a n i z a t i o n s  r e l a t i n g  to s c i e n t i f i c  
f i e l d s .  He is a m e m b e r  of the B o a r d  of A d v i s e r s  of the  I n d u s t r i a l  Co l -  
l ege  of the  A r m e d  F o r c e s .  Th is  is  h is  f if th l e c t u r e  at  the I n d u s t r i a l  
Co l l ege .  
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G E N E R A L  MUNDY: I a m  s u r e  tha t  you  wi l l  a g r e e  with  m e  that  
o u r  s u b j e c t  this  m o r n i n g ,  " S c i e n c e  and the W o r l d  of T o m o r r o w , "  is  
one of g r e a t  i m p o r t a n c e  and g r e a t  i n t e r e s t  to a l l  of us .  

Dr .  B e r k n e r ,  our  s p e a k e r ,  of c o u r s e ,  is  e m i n e n t l y  qua l i f i ed  to 
s p e a k  to us on th is  s u b j e c t ,  s i n c e  he has  been  e n g a g e d  in the f i e ld  of 
s c i e n t i f i c  r e s e a r c h  a l l  of h i s  m a t u r e  l i fe .  D u r i n g  W o r l d  W a r  II 
Dr .  B e r k n e r  s e r v e d  as a n a v a l  o f f i c e r .  Today  he is a r e a r  a d m i r a l  
i n  the R e s e r v e s  of that  s e r v i c e .  Dr .  B e r k n e r  was  a l so  the o r i g i n a l  
p r o p o n e n t  of the 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 ,  and  d u r i n g  the 
c o u r s e  of that  y e a r  he w a s  v e r y  a c t i v e  in a l l  of i ts  w o r k .  He has  
j u s t  r e c e n t l y  b e e n  appo in t ed  to h e a d  the G r a d u a t e  R e s e a r c h  C e n t e r  
of the S o u t h w e s t  in  D a l l a s ,  T e x a s ,  and I would  l ike to take this  o p p o r -  
tun i ty  to e x t e n d  to h i m  the c o n g r a t u l a t i o n s  of the e n t i r e  C o l l e g e  on this  
a p p o i n t m e n t .  

He  h a s  a l s o  been  a f r i e n d  of long  s t a n d i n g  to the Co l l ege  and  he  
h a s  b e e n  a m e m b e r  of the B o a r d  of A d v i s e r s  to the  Co l l ege  d u r i n g  the 
p e r i o d  of m y  i n c u m b e n c y  as  C o m m a n d a n t .  

Dr .  B e r k n e r ,  i t  is  a r e a l  p l e a s u r e  to w e l c o m e  you b a c k f o r  th i s ,  
y o u r  f i f th a p p e a r a n c e ,  and  it  is  a p a r t i c u l a r  p l e a s u r e  to w e l c o m e  you  
to o u r  new bui ld ing .  

G e n t l e m e n ,  Dr .  L loyd  V. B e r k n e r .  

DR. B E R K N E R :  G e n e r a l  Mundy,  M e m b e r s  of the F a c u l t y ,  
M e m b e r s  of the C o l l e g e :  I t  i s  a r e a l  p l e a s u r e  to c o m e  h e r e  th is  
m o r n i n g  b e c a u s e  I, as  one of the a d v i s e r s ,  have  looked  f o r w a r d  f o r  
m a n y  y e a r s  wi th  G e n e r a l  Mundy  and  the o t h e r  l e a d e r s  of the C o l l e g e  
to th is  o p p o r t u n i t y  to l e c t u r e  in  this  f ine ,  new a u d i t o r i u m .  

I r e m a r k e d  th is  m o r n i n g  to G e n e r a l  Mundy  tha t  you  can  f e e l  the 
d i f f e r e n c e  in  the d e c k s  as  you  w a l k  a c r o s s ,  b e c a u s e  they  have  a so l id  
f ee l .  T h o s e  of you  who had  the doubtful  p r i v i l e g e  of l iv ing  in  the old 
bu i ld ing  wi l l  have  the s a m e  s e n s e  of a p p r e c i a t i o n  that  I b r i n g  this  
m o r n i n g  in  c o m i n g  to t h e s e  e x c e l l e n t  q u a r t e r s  w h i c h  the I n d u s t r i a l  
C o l l e g e  so w a r m l y  d e s e r v e s  a f t e r  i t s  d i s t i n g u i s h e d  h i s t o r y  and r o l e .  



As one c o m e s  into  the bu i ld ing  one canno t  he lp  be ing  i m p r e s s e d  
by the w o r d s  of P r e s i d e n t  E i s e n h o w e r  wh ich  a r e  so  i n d i c a t i v e  of the 
p u r p o s e  of this  f ine C o l l e g e .  

In d i s c u s s i n g  " S c i e n c e  and  the W o r l d  of T o m o r r o w , "  I p r o b a b l y  
would  not  be a b e t t e r  p r o p h e t  than m a n y  of you,  o r  even  m o s t  of you,  
h e r e  this  m o r n i n g .  So I a m  going to t ry  to s t i c k  as  c l o s e  as  p o s s i b l e  
to the a c t u a l  s i t u a t i o n  which  is  o u r  point  of takeoff .  

I p r o p o s e ,  t h e r e f o r e ,  to d i s c u s s  the o r g a n i z a t i o n  of s c i e n c e  in  
the Uni ted  S t a t e s ,  to get  s o m e  f ee l  f o r  how o u r  s c i e n c e  is  done ,  then  
b r i e f l y ,  to c o n s i d e r  cos t  of s c i e n c e  and  t e c h n o l o g y ,  then p r o c e e d  to 
c o m p a r e  and c o n t r a s t  s o m e  of the s t r e n g t h s  and  w e a k n e s s e s  of 
A m e r i c a n  s c i e n c e  wi th  r e f e r e n c e  to s c i e n c e  e l s e w h e r e  in the w o r l d ,  
and,  f i na l ly ,  v e r y  b r i e f l y ,  to d i s c u s s  as  e x a m p l e s  s o m e  of the obv ious  
i m p l i c a t i o n s  of s c i e n c e  with r e s p e c t  to the i m m e d i a t e  f u t u r e ,  s o m e  
c i v i l i a n  and s o m e  m i l i t a r y .  

I wi l l  d iv ide  the b a s i c  o r g a n i z a t i o n  of s c i e n c e  in  the c o u n t r y  in to  
fou r  p a r t s :  F i r s t  is  the s c i e n c e  done a t  the u n i v e r s i t i e s ;  s e c o n d ,  the 
s c i e n c e  done a t  the na t i ona l  l a b o r a t o r i e s  and  the g r e a t  founda t ions ;  
t h i r d ,  s c i e n c e  at  the i n d u s t r i a l  l a b o r a t o r y  and i ts  c o n t r i b u t i o n ;  and ,  
f i n a l l y ,  s c i e n c e  wi th in  the U . S .  G o v e r n m e n t .  In d iv id ing  the p r o b l e m  
in  this  way ,  one can e m p h a s i z e  the s p e c i a l  a t t r i b u t e s  of e a c h  e l e m e n t  
of ou r  n a t i o n a l  s c i e n c e  o r g a n i z a t i o n .  

The u n i v e r s i t y ,  of c o u r s e ,  is  the founda t ion  s tone  of ou r  A m e r i c a n  
s c i e n t i f i c  a c t i v i t y .  Now, i t  is  i n t e r e s t i n g  to note  that  this  ha s  not  a l -  
ways  been  so .  S c i e n c e  as  we  know i t  today  e m e r g e s  f r o m  what  we c a l l  
the new p h y s i c s ,  wh ich  was  g e n e r a t e d  by Ga l i l eo  and  by Newton ,  and  
by t h e i r  s u c c e s s o r s  in the 16th and the 17th c e n t u r i e s .  

Oddly  enough,  only a few of the g r e a t  s c i e n t i s t s  of tha t  t i m e  
w o r k e d  in the con f ines  of the u n i v e r s i t y  i t s e l f ,  b e c a u s e  of the s t r o n g  
i n f l u e n c e  of the n a r r o w  s c h o l a s t i c i s m  of the m e d i e v a l  p e r i o d - - T h o m a s  
Aqu inas  and the l ike .  As a c o n s e q u e n c e  of th is  i n f l u e n c e ,  a l m o s t  a l l  
of the e x p e r i m e n t a l  s c i e n c e  of the e a r l y  y e a r s  was  done ou t s i de  of 
the u n i v e r s i t y .  Only  s l o w l y ,  in  the l a s t  t h r e e  c e n t u r i e s ,  h a s  the b a s i s  
of s c i e n c e  m i g r a t e d  into  the u n i v e r s i t y  h a l l s .  I t ' s  t r ue  that  Newton  
and Ga l i l eo  both, o p e r a t e d  in the u n i v e r s i t i e s ,  but the f i r s t  g r e a t  
o b s e r v e r s ,  such  as  Tycho  B r a h e  who m a d e  the b a s i c  o b s e r v a t i o n s  
f r o m  wh ich  the m o d e r n  a s t r o n o m y  and the e m e r g e n t  m e c h a n i c s  have  
b e e n  d e r i v e d ,  did t h e i r  w o r k  ou t s i de  of the u n i v e r s i t y .  I n d e e d ,  i t  i s  
a m u s i n g  to note  that  B r a h e  was  so i n t e r e s t e d  in  m a k i n g  p r e c i s e  
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a s t r o n o m i c a l  o b s e r v a t i o n s  tha t  he n e v e r  b o t h e r e d  to g r a d u a t e  f r o m  
the U n i v e r s i t y  of C o p e n h a g e n ,  a l t hough  l a t e r  he b e c a m e  a l e c t u r e r  
t h e r e .  

The g rowth  of g r a d u a t e  e d u c a t i o n  r e a l l y  m a r k s  the beg inn ing  of 
the g r e a t  e m p h a s i s  on s c i e n t i f i c  r e s e a r c h  in the u n i v e r s i t y  s t r u c t u r e .  
Th i s  g r o w t h  is  r e l a t i v e l y  r e c e n t - - l e s s  than 100 y e a r s  old.  The f i r s t  
Ph .  D. g r a d u a t e d  in the Un i t ed  S ta tes  was  g r a d u a t e d  f r o m  H a r v a r d  
C o l l e g e ,  I b e l i e v e ,  in  about  1873, l e s s  than a c e n t u r y  ago.  T h e f i r s t  
g r e a t  g r a d u a t e  u n i v e r s i t y ,  J o h n s  H o p k i n s ,  was  founded  in  1876. Not  
un t i l  the 1890's  did the u n i v e r s i t y  beg in  to g r a d u a t e  m e n  at  the doc -  
t o r a l  l e v e l  in  any  s u b s t a n t i a l  n u m b e r s .  When  I r e f e r  to t r a i n i n g  at  
the d o c t o r a l  l e v e l ,  I i n c l u d e  the s c i e n t i f i c  r e s e a r c h  at  the u n i v e r s i t y  
e m e r g i n g  as  an  e s s e n t i a l  p a r t  of tha t  d o c t o r a l  t r a i n i n g .  

A f t e r  1890 the r e s e a r c h  a t  the u n i v e r s i t y  b e c a m e  e x t r e m e l y  
i m p o r t a n t .  I t  b e c a m e  i m p o r t a n t  b e c a u s e  of the v a r i e t y  of a d v a n t a g e s  
tha t  the u n i v e r s i t y  could  o f fe r .  T h e r e  w e r e ,  of c o u r s e ,  the g r e a t  
u n i v e r s i t y  l i b r a r i e s  a v a i l a b l e  to r e s e a r c h  w o r k e r s ,  and t h e s e  l i b r a r -  
i e s  g r e w  v e r y  r a p i d l y .  Then  t h e r e  was  the f r e e d o m  of s e l e c t i o n  of 
the p r o b l e m  on the p a r t  of the p r o f e s s o r .  Whi le  today  we tend  to 
a c c e p t  this  p r i v i l e g e  a l m o s t  a u t o m a t i c a l l y ,  b e c a u s e  we th ink of f r e e -  
d o m  of s e l e c t i o n  of p r o b l e m s  as s o m e t h i n g  tha t  is  due to any  u n i v e r -  
s i t y  r e s e a r c h  w o r k e r ,  o r  fo r  that  m a t t e r  a l m o s t  any  s c i e n t i s t ,  the 
p r o b l e m  of f r e e d o m  in s e l e c t i o n  of the c h o i c e  of p r o b l e m s  was  a v e r y  
i m p o r t a n t  one ,  as  l a t e  as  the t u r n  of the c e n t u r y .  

F o l l o w i n g  the g r o w t h  of u n i v e r s i t y  r e s e a r c h  and as  s c i e n c e  ex-  
p a n d e d  a t  a m o r e  r a p i d  r a t e ,  i t  b e c a m e  i m p o r t a n t  tha t  the s t u d e n t  
l e a r n  f r o m  the p r o f e s s o r ,  not  the s c i e n c e  o r  the e n g i n e e r i n g  wh ich  
the p r o f e s s o r  knew when  he  was  t r a i n e d  but r a t h e r  the n e w e s t  t e c h -  
n iques  w h i c h  would  p r e p a r e  the s t u d e n t  fo r  wha t  he  wou ld  m e e t  in  the 
f u t u r e .  This  m e a n t ,  of c o u r s e ,  v e r y  a d v a n c e d  and  i m a g i n a t i v e  r e -  
s e a r c h  fo r  both the p r o f e s s o r  and the s tuden t .  

The u n i v e r s i t y  a l s o  o f f e r s  the c r o s s - f e r t i l i z a t i o n  b e t w e e n  d i s c i -  
p l i n e s ,  the i n t e r r e l a t i o n s h i p  a m o n g  the d i f f e r e n t  s c i e n c e s  wh ich  p e r -  
m i t s  the s y n t h e s i s  of b r o a d ,  new i d e a s  tha t  a r e  so  i m p o r t a n t  to 
s c i e n c e .  

So, we f ind  that  in the pa s t  50 o r  60 y e a r s  the u n i v e r s i t y  has  
b e c o m e  the b a s i s  f o r  s c i e n t i f i c  r e s e a r c h  in the Un i t ed  S t a t e s .  But ,  
of c o u r s e ,  t h e r e  a r e  p r o b l e m s  when  you have  this  b a s i s  f o r  r e s e a r c h .  
A m o n g  t h e s e  p r o b l e m s  is  the f ac t  tha t ,  if you  t ie  y o u r  r e s e a r c h  to 
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g r a d u a t e  s t u d e n t s ,  t h e r e  is s o m e  d i f f icu l ty  wi th  r e s p e c t  to con t inu i ty  
of ~e~ea rch .  A r e s e a r c h  p r o b l e m  of t h r e e  or  four  y e a r s ,  which  is  
t h e a v e r a g e  l i fe ,  we hope ,  of the g r a d u a t e  s tuden t  at  the u n i v e r s i t y ,  
is  about  the a v e r a g e  l eng th  of a p r o b l e m  that  the a v e r a g e  p r o f e s s o r  
a t  the u n i v e r s i t y  can a t t ack .  In m a n y  c a s e s  the p r o f e s s o r i a l  s taff  is  
ab le  to u n d e r t a k e  p r o b l e m s  of l o n g e r  d u r a t i o n  but r a r e l y  so wi th in  
the conf ines  of the u n i v e r s i t y  i t s e l f .  

Then  t h e r e  is  the l i m i t a t i o n  on f a c i l i t i e s .  As s c i e n c e  b e c o m e s  
m o r e  c o m p l e x ,  m o r e  c o m p l e x  f a c i l i t i e s  a r e  r e q u i r e d  to so lve  a d v a n c e d  
s c i e n t i f i c  p r o b l e m s .  T h e s e  f a c i l i t i e s  a r e  s o m e t i m e s  v e r y  l a r g e  and 
they tend to w a r p  the u n i v e r s i t y  if c o n s t r u c t e d  in the conf ines  of the 
u n i v e r s i t y  i t s e l f .  

I a m  r e m i n d e d  of a c o n v e r s a t i o n  I had  with the P r e s i d e n t  of a 
l e ad ing  u n i v e r s i t y  a couple  of weeks  ago.  I sa id ,  "How is  y o u r  
a c c e l e r a t o r  ge t t ing  a long  at the u n i v e r s i t y ? "  He sa id ,  " W e l l ,  a l l  
r i g h t . "  But he sa id ,  "I  a m  not  qui te  s u r e  w h e t h e r  we a r e  r u n n i n g  the 
a c c e l e r a t o r  or  w h e t h e r  the a c c e l e r a t o r  is  r u n n i n g  the u n i v e r s i t y . "  
The point  is  that ,  when  p r o j e c t s  get  v e r y  l a r g e ,  they p r e o c c u p y  too 
l a r g e  an a r e a  of ac t i v i t y  of a u n i v e r s i t y  d e p a r t m e n t ,  and c o n s e q u e n t l y  
the m e m b e r s  of the d e p a r t m e n t  f ee l  c o n s t r a i n e d  to do p r o b l e m s  which  
that  a c c e l e r a t o r  poses  r a t h e r  than to s e l e c t  t h e i r  own p r o b l e m s  f r e e l y .  
So t h e r e  is  a l i m i t  to the k inds  of f a c i l i t i e s  that  a u n i v e r s i t y  wants  
wi th in  i ts  wa l l s .  

Th i s ,  then,  b r ings  us to the s e c o n d  a s p e c t  of r e s e a r c h  o r g a n i z a -  
t ion in the coun t ry ,  and that  is  the g r e a t  founda t ion  o r  the n a t i o n a l  
l a b o r a t o r y .  Indeed ,  i t  is  of s o m e  i n t e r e s t  to note  that  wi th in  a decade  
a f t e r  the g rowth  of s u b s t a n t i a l  g r a d u a t e  e d u c a t i o n  in A m e r i c a  the 
g r e a t  founda t ions  began  to organ{ze  the r e a l l y  l a r g e - s c a l e  r e s e a r c h  
f a c i l i t i e s .  

At the tu rn  of the c e n t u r y  o r g a n i z a t i o n s  such  as  the R o c k e f e l l e r  
F o u n d a t i o n  and the C a r n e g i e  In s t i t u t i on  of Wash ing ton  m e t  the c h a l -  
l enge  p o s e d  by the g r o w i n g  n e e d  fo r  e l a b o r a t e  r e s e a r c h  f a c i l i t i e s  by 
p r o v i d i n g  f a c i l i t i e s  wh ich  w e r e  beyond  the capac i t y  of the u n i v e r s i t i e s  
to c o n s t r u c t  or  e m p l o y  e f f e c t i v e l y  by t h e m s e l v e s .  We saw,  f o r  ex-  
a m p l e ,  the g rowth  of the g r e a t  a s t r o n o m i c a l  o b s e r v a t o r i e s ,  Mount 
W i l s o n  and Mount P a l o m a r .  This  e x a m p l e  is  a v e r y  i n t e r e s t i n g  one,  
b e c a u s e ,  a l though  i t  c o u l d n ' t  have  b e e n  f o r e c a s t ,  t h e r e  is  a d i r e c t  
i n h e r i t a n c e  f r o m  this  vas t  a s t r o n o m i c a l  c o m p l e x  in the F a r  West in  
the i n d u s t r i a l  and r e s e a r c h  d e v e l o p m e n t s  which  have  o c c u r r e d  in  
the s a m e  a r e a .  With Mount  Wi l son  and Mount  P a l o m a r  t h e r e  w e r e  
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a t t r a c t e d  a s t r o p h y s i c i s t s  f r o m  a l l  pa r t s  of the wor ld .  Out of this 
g r e a t  i n t e r e s t  g rew the d i s t i n g u i s h e d  a s t r o p h y s i c a l  w o r k  of the 
C a l i f o r n i a  In s t i t u t e  of Techno logy ,  and out of th is  in turn  g rew the '  
J e t  P r o p u l s i o n  L a b o r a t o r y .  And p r e s e n t l y ,  f r o m  the people  t r a i n e d  
t h e r e  g rew the Space Techno logy  L a b o r a t o r y .  

So one s e e s  the i n h e r i t a n c e  f r o m  the beg inn ing  of a f u n d a m e n t a l  
r e s e a r c h  ac t iv i ty  with e l a b o r a t e  f a c i l i t i e s  in to  the g rowth  of a b r o a d  
i n d u s t r i a l  and bas i c  r e s e a r c h  c o m p l e x  in the F a r  Wes t .  

Thus t h e s e  i n s t i t u t i ons  which  w e r e  founded  p r i v a t e l y  at the t u rn  
of the c e n t u r y  have  p layed  an e x t r e m e l y  i m p o r t a n t  p a r t  in the d e v e l o p -  
m e n t  of s c i e n t i f i c  and i n d u s t r i a l  oppor tun i ty  which  the u n i v e r s i t y  i t -  
s e l f  could  not p rov ide .  

By the 1940's e v e n  the p r i v a t e  i n s t i t u t i o n s  could  no l o n g e r  f i nance  
the g r o w i n g  n e e d s  fo r  l a r g e - s c a l e  r e s e a r c h  f a c i l i t i e s  which  s c i e n c e  
was  then  d e m a n d i n g ,  and we saw the a p p e a r a n c e  of the na t iona l  l a b o r a -  
t o r i e s .  Typ ica l  a m o n g  t h e s e  l a b o r a t o r i e s  was that at  the U n i v e r s i t y  of 
C a l i f o r n i a ,  the Rad ia t ion  L a b o r a t o r y  at  B e r k e l e y ,  which  s e r v e s  the 
whole  of the wes t  c o a s t  complex .  T h e r e  was  the Rad ia t ion  L a b o r a t o r y  
at  the M a s s a c h u s e t t s  Ins t i t u t e  of Techno logy ,  which  was d i s o r g a n i z e d  
at  the end  of the war ,  but whose  s taff  wen t  o v e r  to the B r o o k h a v e n  
Na t iona l  L a b o r a t o r y ,  on Long  I s l and ,  and which  I had the h o n o r  of 
m a n a g i n g  fo r  so m a n y  y e a r s .  T h e r e  was the Argonne  N a t i o n a l  L a b o r a -  
t o r y  o p e r a t e d  u n d e r  the U n i v e r s i t y  of Chicago ,  the Oak Ridge N a t i o n a l  
L a b o r a t o r y  in  T e n n e s s e e ,  and  of c o u r s e  the Los  A l a m o s  N a t i o n a l  
L a b o r a t o r y  in  New Mexico .  

The c h a r a c t e r i s t i c s  of t h e s e  na t iona l  l a b o r a t o r i e s ,  with a few 
e x c e p t i o n s ,  a r e  that  they a r e  m a n a g e d  by u n i v e r s i t y  g roups  in  such  
a way that  t h e i r  f a c i l i t i e s  s u p p l e m e n t  the f a c i l i t i e s  of the u n i v e r s i t i e s .  
F o r  e x a m p l e  B r o o k h a v e n  had  a f acu l ty  of about  350 m e m b e r s  with a 
s u p p o r t i n g  o r g a n i z a t i o n  of p e r h a p s  2 ,000  or  m o r e  t e c h n i c i a n s  and 
w o r k e r s .  The e m p h a s i s  was  put on p r o v i d i n g  to the f a c u l t i e s  of the 
u n i v e r s i t i e s  the oppor tun i ty  to c a r r y  on r e s e a r c h  wi th  f a c i l i t i e s  that  
the u n i v e r s i t i e s  t h e m s e l v e s  could  not  supply.  

Out of the p r o g r a m  at B r o o k h a v e n ,  wi th  i t s  g r e a t  f a c i l i t i e s ,  ( such  
as the a l t e r n a t i n g - g r a d i a n t  s y n c r o t r o n  that  a cce l e r . a t e s  p ro tons  to 
33 BEV,  the two, and now t h r e e ,  r e a c t o r s  t h e r e ,  the s m a l l e r  a c -  
c e l e r a t o r - - t h e  c o s m o t r o n - - t h e  g a m m a  f ie ld ,  and so  on) a r e  a t t r a c t e d  
s o m e  200 v i s i t i n g  m a n - y e a r s  of p r o f e s s i o n a l  r e s e a r c h  f r o m  u n i v e r -  
s i ty  f acu l t i e s .  T h e r e  a r e  100 to 150, in any one y e a r ,  r e s e a r c h  
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a s s o c i a t e s  w h o  a r e  p o s t - d o c t o r a l  s t u d e n t s  doing a d v a n c e d  r e s e a r c h ,  
to a c q u i r e  capab i l i t y  d i r e c t i n g  the l a r g e  i n d e p e n d e n t  r e s e a r c h  p r o j -  
e c t s ,  o r  to t r a i n  fo r  the a s s o c i a t e  p r o f e s s o r s h i p  or  p r o f e s s o r s h i p  at  
one of the u n i v e r s i t i e s .  T h e r e  a r e  a lways  a v a r i e t y  of g r a d u a t e  
s t u d e n t s  a r o u n d  such  a p lace .  Mos t ly  they c o m e  with t h e i r  v i s i t i n g  
p r o f e s s o r s ,  but s o m e t i m e s  they c o m e  f r o m  u n i v e r s i t i e s  s i m p l y  to 
have  a c c e s s  to the f a c i l i t i e s  fo r  t h e i r  p a r t i c u l a r  r e s e a r c h  p r o b l e m s  
wher~  they  work  u n d e r  the s u p e r v i s i o n  of one of the loca l  f acu l ty  of 
the l a b o r a t o r y .  

T h e r e  is the i m m e n s e  s u m m e r  p r o g r a m  in which  m e n  f r o m  a 
whole  v a r i e t y  of c o l l e g e s  and u n i v e r s i t i e s  c o m e  t o g e t h e r  to s tudy 
f u n d a m e n t a l  p r o b l e m s ,  to l e c t u r e  each  o the r ,  and to a d v a n c e  
s c i e n t i f i c  knowledge  g e n e r a l l y .  

Out of the na t iona l  l a b o r a t o r y ,  as i t  is now evo lved ,  e m e r g e s  
the oppor tun i ty  fo r  g r e a t e r  con t inu i ty  of s c i e n c e .  The l a r g e  f a c i l i t i e s  
can be s e t  up so that  they  do not warp  the u n i v e r s i t y ,  and m o r e o v e r ,  
the v e r y  l a r g e  f a c i l i t i e s  can  be o p e r a t e d  con t inuous ly  and e f f i c i en t l y  
by f a c u l t i e s  f r o m  m a n y  u n i v e r s i t i e s  as is  r e a l l y  r e q u i r e d  by the huge  
i n v e s t m e n t  invo lved .  

At the c o s m o t r o n  at  B r o o k h a v e n ,  I r e c a l l  that  about  80 p e r c e n t  
of the r e s e a r c h  w o r k  was done by v i s i t i n g  p r o f e s s o r s  f r o m  o t h e r  
u n i v e r s i t i e s  and only 20 p e r c e n t  by the l oca l  facul ty .  U n d e r  t he se  
c i r c u m s t a n c e s  i t  is  p o s s i b l e  to o p e r a t e  such  l a r g e  f a c i l i t i e s  con-  
t inuous ly  or{ one e x p e r i m e n t  a f t e r  a n o t h e r .  The a l t e r n a t i n g  g r a d i a n t  
s y n c r o t r o n ,  the 33 BEV m a c h i n e ,  cos t  s o m e  $31 mi l l i on .  When you 
have  an i n v e s t m e n t  of this  s i z e  you s i m p l y  have  to o p e r a t e  i t  on a 
3 - sh i f t ,  7 -day  week .  If you t ry  to do this  in  your  own u n i v e r s i t y ,  
you f ind i t  d i f f icu l t  for  want  of s c i e n t i f i c  m a n p o w e r .  The facu l ty  
jus t  a r e  not ava i l ab le .  So you p rov ide  the oppor tun i ty  fo r  i ts  o p e r a -  
t ion to a v e r y  l a r g e  n u m b e r  of v i s i t o r s  th rough  the m e c h a n i s m  of the 
na t iona l  l a b o r a t o r y .  

Thus the na t iona l  l a b o r a t o r y ,  which  is the ou tgrowth ,  r e a l l y ,  of 
the o r i g i n a l  work  of the founda t ions  at  the t u rn  of the c e n t u r y ,  has  
b e c o m e  the s e c o n d  i m p o r t a n t  e l e m e n t  in  s c i e n t i f i c  r e s e a r c h  in this  
coun t ry .  It  s u p p l e m e n t s  the r e s e a r c h  at the u n i v e r s i t y ,  and o f fe r s  
the p r o f e s s o r  the oppor tun i ty  to do w o r k  with a d v a n c e d  types  of in-  
s t r u m e n t s  which  would not be ava i l ab l e  at  the u n i v e r s i t y .  

The third e l e m e n t  of r e s e a r c h  ac t iv i ty  is  the i n d u s t r i a l  l a b o r a -  
to ry .  I would e m p h a s i z e  this  p a r t i c u l a r l y ,  b e c a u s e ,  in  m y  opinion,  



i t  r e p r e s e n t s  one of the l a r g e  d i f f e r e n c e s  b e t w e e n  the o r g a n i z a t i o n  
of r e s e a r c h  in the Sovie t  Union and in the Un i t ed  S ta t e s .  In m y  
opin ion ,  the Sovie t s  have  not  s o l v e d  t h e i r  o r g a n i z a t i o n  of the t r a n s i -  
t ion f r o m  the i d e a s  of s c i e n c e  on one hand  and the a p p l i c a t i o n  of t h e s e  
i d e a s  in i n d u s t r y  on the o t h e r .  In i nd iv idua l  c a s e s  they have  s o l v e d  
this  v e r y  w e l l ,  w h e r e  they have  u s e d  s p e c i a l  m e a n s  in t he se  s p e c i a l  
c a s e s .  But  they  don ' t  have  any  g e n e r a l i z e d  m e a n s ,  app l i ed  r i g h t  
a c r o s s  the b o a r d ,  of so lv ing  the t r a n s i t i o n  p r o b l e m .  1/ 

T h e r e f o r e ,  I s u s p e c t  that ,  whi le  they m a y  be a h e a d  in I C B M ' s  
and in s p a c e ,  and  in one o r  two o t h e r  f i e ld s  w h e r e  they  have  app l i ed  
v e r y  s p e c i a l  e f fo r t ,  t h e i r  a v e r a g e  i n d u s t r i a l  d e v e l o p m e n t  tends  to 
fo l low,  r a t h e r  than l ead ,  the W e s t e r n  i n d u s t r i a l  d e v e l o p m e n t  e m e r -  
gent  f r o m  s c i e n c e .  I th ink  this  o c c u r s  b e c a u s e  of the g r e a t  e f f e c t i v e -  
n e s s  of our  i n d u s t r i a l  l a b o r a t o r i e s  in a c h i e v i n g  an e x c e l l e n t  t r a n s i t i o n  
f r o m  s c i e n c e  to t echno logy .  

The i n d u s t r i a l  l a b o r a t o r i e s  in the Un i t ed  S t a t e s ,  as  they have  
evo lved ,  a r e  not  s i m p l y  t e c h n o l o g i c a l  l a b o r a t o r i e s .  In m o s t  c a s e s  
they a r e  f i r s t - c l a s s  s c i e n t i f i c  l a b o r a t o r i e s  as  we l l .  T h e r e  is  a v e r y  
i m p o r t a n t  r e a s o n  fo r  th is .  When  the e n g i n e e r  has  to d e s i g n  s o m e -  
th ing that  has  not  been  d e s i g n e d  b e f o r e ,  he c a l l s  upon s c i e n c e  to s u p -  
ply h i m  wi th  so lu t ions  fo r  the new p r o b l e m s  that  a r e  posed .  He has  
to u n d e r s t a n d  s c i e n c e  h i m s e l f ,  he m u s t  have  a c c e s s  to s c i e n c e ,  be -  
c a u s e  he  c a n ' t  a s k  s c i e n c e  a l l  of the m u l t i p l e - i n f i n i t e  q u e s t i o n s  that  
m i g h t  be thought  of. I n s t e a d ,  he has  to know s c i e n c e  so w e l l  that  he 
m u s t  be ab le  to a sk  s c i e n c e  q u e s t i o n s  that  l ie  wi th in  the r a n g e  of 
h y p o t h e s e s  tha t  a r e  r e a s o n a b l e  if s c i e n c e  is  to f ind  a s o l u t i o n  to h i s  
p r o b l e m .  C o n s e q u e n t l y ,  A m e r i c a n  i n d u s t r i a l  l a b o r a t o r i e s  a l l  in -  
c lude  a f a i r  s h a r e  of b a s i c  s c i e n t i f i c  r e s e a r c h .  This  i s - a  v e r y  i m -  
p o r t a n t  A m e r i c a n  a d v a n t a g e .  

At th is  point  I m i g h t  i n d e e d  e m p h a s i z e  the d i f f e r e n c e  b e t w e e n  
s c i e n c e  on one hand  and t e c h n o l o g y  on the o t h e r .  S c i e n c e ,  of c o u r s e ,  
is  a c r e a t i v e ,  even  an a r t i s t i c ,  a c t i v i t y  in  wh ich  one e n d e a v o r s  to 
f ind g e n e r a l i z e d  m o d e l s  f r o m  wh ich  you  can  p r e d i c t  the b e h a v i o r  of 
any  s y s t e m  in the f u t u r e .  I t  is  a v e r y  c r i t i c a l  and  a n a l y t i c a l  type 
of a p p r o a c h  to the s y n t h e s i s  of o b s e r v a t i o n s .  

On the o t h e r  hand ,  t e c h n o l o g y  u s e s  the g e n e r a l i z e d  k n o w l e d g e  
e m e r g i n g  f r o m  s c i e n c e  fo r  p u r p o s e s  of a p p l i c a t i o n .  T e c h n o l o g y  has  
to con ta in  m a n y  a c t i v i t i e s  that  s c i e n c e  does  not  i m p l i c i t l y  con ta in .  
T e c h n o l o g y  has  to d e a l  wi th  h u m a n  t a s t e ,  wi th  h u m a n  c a p a b i l i t i e s ,  

1 ]  On 17 Apr  196 i  the Sovie t  l e a d e r s  a n n o u n c e d  a new o r g a n i z a t i o n  
that  wi l l  s u p e r s e d e  the A c a d e m y  in the e f fo r t  t o w a r d  b e t t e r  
t r a n s i t i o n .  7 
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with  h u m a n  l i m i t a t i o n s .  Indeed ,  t h e r e  is  a d i f f e r e n t  k ind  of a r t i s t r y  
• in  t echno logy  than is  n e c e s s a r y  in  s c i e n c e .  But  t echno logy  m u s t  

have  i n t i m a t e  a c c e s s  to s c i e n c e  so that  i t  can  know what  s c i e n c e  can  
r e a s o n a b l y  do fo r  t e chno logy  at  any s i ng l e  t i m e .  

As a r e s u l t  of the d e v e l o p m e n t  of the i n d u s t r i a l  l a b o r a t o r y ,  wi th  
s t r o n g  bas i c  s c i e n t i f i c  and s t r o n g  app l i ed  s c i e n t i f i c  ac t iv i ty ,  one 
f inds  m a n y  Nobe l  p r i z e - w i n n e r s ,  such  as  Dav i s son ,  f o r  e x a m p l e ,  
f r o m  the B e l l  T e l e p h o n e  L a b o r a t o r i e s ,  o r  L a n g m u i r ,  f r o m  the 
G e n e r a l  E l e c t r i c  Company ,  who have  done such  d i s t i n g u i s h e d  funda-  
m e n t a l  r e s e a r c h  that  i t  has  been  r e c o g n i z e d  th roughou t  the wor ld .  
So the i n d u s t r i a l  l a b o r a t o r y  is  a v e r y  m a j o r  p a r t  of our  s c i e n t i f i c  
ac t iv i ty .  

Then,  f ina l ly ,  we c o m e  to g o v e r n m e n t ,  which  has  had an e v e r -  
i n c r e a s i n g  p a r t  in the s c i e n t i f i c  e f f e c t i v e n e s s  of the coun t ry .  S c i e n c e  
in g o v e r n m e n t  is  not  new. I would point  out to you that  as  long  a g o a s  
1743, in  the o r g a n i z a t i o n  of the old Co lon i a l  G o v e r n m e n t ,  B e n j a m i n  
F r a n k l i n  and the A m e r i c a n  P h i l o s o p h i c a l  Soc ie ty  then  o r g a n i z e d  
s u b s t a n t i a l  s c i e n c e  with g o v e r n m e n t  r e c o g n i t i o n .  So t h e r e  is  a v e r y  
long  h i s t o r y  in  the Uni t ed  S ta tes ,  as  in o t h e r  c o u n t r i e s ,  of g o v e r n -  
m e n t  s u p p o r t  of s c i e n c e ,  fo r  a v a r i e t y  of r e a s o n s .  

I th ink of the suppo r t  of s c i e n c e  in  g o v e r n m e n t  as  f a l l i ng  in to  
t h r e e  c l a s s i f i c a t i o n s .  F i r s t  of a l l ,  t h e r e  is  the s c i e n t i f i c  r e s e a r c h  
done by g o v e r n m e n t  to s u p p o r t  the d i r e c t  o b j e c t i v e s  of the d e p a r t m e n t s  
c o n c e r n e d .  This  is  a v e r y  va l id  i n t e r e s t  of g o v e r n m e n t .  In the De-  
p a r t m e n t  of D e f e n s e ,  fo r  e x a m p l e ,  you have  the p r o b l e m  of m a i n t a i n -  
ing an adequa t e  m i l i t a r y  p o s t u r e  in the coun t ry .  This  i n v o l v e s  the 
i n t r o d u c t i o n  of new weapons  and b e t t e r  use  of o l d e r  ones .  Thus i t  is  
qui te  c l e a r  that  t h e r e  is  a v e r y  va l i d  and  j u s t i f i ab l e  r e a s o n  fo r  the 
D e p a r t m e n t  of De fense  to e n t e r  into b a s i c  and app l i ed  r e s e a r c h  to the 
ex t en t  n e c e s s a r y  to f u r t h e r  those  o b j e c t i v e s .  I would e m p h a s i z e ,  
when  I say  " t o  the ex ten t  n e c e s s a r y , "  that  the D e p a r t m e n t  of De fense  
m u s t  have  su f f i c i en t  a c c e s s  to bas i c  s c i e n c e  to know what  h y p o t h e s e s  
of s c i e n c e  a r e  app l i cab l e  to i t s  p r o b l e m s .  T h e r e f o r e ,  the D e p a r t -  
m e n t  of D e f e n s e  m u s t  be in  ba s i c  s c i e n c e .  

This  is  a l so  t rue  of such  o t h e r  g r e a t  d e p a r t m e n t s  of the U .S .  
G o v e r n m e n t  as the D e p a r t m e n t  of Hea l th ,  Educa t ion ,  and W e l f a r e ,  
the D e p a r t m e n t  of A g r i c u l t u r e ,  e t c e t e r a .  T h e s e  d e p a r t m e n t s  have  
d e v e l o p e d  s t r o n g  s c i e n t i f i c  p r o g r a m s  in s u p p o r t  of t h e i r  o b j e c t i v e s .  

Then,  the s e c o n d  kind of g o v e r n m e n t  ac t i v i t y  is the d i r e c t  
s u p p o r t  by the U.S .  G o v e r n m e n t  to s t r e n g t h e n  s c i e n c e  in the 
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United States genera l ly .  Here  we have such agenc ies  a s  the Na t iona l  
Science Founda t ion  and the Nat iona l  Ins t i tu tes  of Heal th  which provide  
v e r y  extens ive  suppor t  to the en t i r e  sc ien t i f i c  communi ty  of our  
count ry  to s t r eng then  the pr iva te  sc ien t i f i c  ac t iv i t i e s  of the count ry  as 
a whole.  The Nat iona l  Science Foundat ion  now has ,  I be l ieve ,  appro -  
p r i a t ions  in the o r d e r  of $200 mi l l i on  a yea r ,  and these wil l  grow 
probably  to a ha l f -b i l l i on  within the next  decade.  

The th i rd  f o r m  of sc ien t i f i c  ac t iv i ty  is  found in s c a t t e r e d  agen-  
c ies  of the Government  which provide  s e r v i c e s ,  not only to the 
Gove rnmen t  but to the people as a whole.  We have the Wea the r  
Bureau ;  the Coas t  and Geodet ic  Survey,  the Geologica l  S u r v e y - - a  
whole va r i e t y  of agenc ies ,  10 o r  15 of them, in the U.S.  Government ,  
which provide s e r v i c e s  to the Gove rnmen t  and its c i t i zens  as  a whole,  
that  mus t  depend upon the advances  of sc ience  fo r  the i m p r o v e m e n t  
of these  s e r v i c e s .  I might  add in this  l a t t e r  ca tegory  that  the re  has  
been  a l l  too l i t t le  r e s e a r c h  among these  s e r v i c e  agenc ies ,  and they 
have tended to become obso le scen t  in  many  ca se s .  So these  a re  the 
bas ic  e l emen t s  of our  Government  o rgan iza t ion  in sc ience .  

Now, what is  the cos t  of sc i en t i f i c  r e s e a r c h  in  the U.S.  Govern-  
ment ,  and in the count ry  as  a whole ? As n e a r l y  as  we can te l l  a t  the 
moment ,  we a re  spending a tota l  of about $10 b i l l ion  a y e a r - - c o m p a r e  
this  to our  tota l  g ross  n a t i e n a l  product  of about $540 b i l l ion  pe r  y e a r - -  
on r e s e a r c h  and deve lopment  and bas ic  engineer ing .  About half  of 
this  money is spent  by the United States  Government  in one way .or 
ano the r ,  and the o ther  half  o r ig ina t e s  f r o m  pr iva te  s o u r c e s ,  p r i n c i -  
pal ly  in the ope ra t ion  of i n d u s t r l a l  l a b o r a t o r i e s  or  f r o m  pr iva te  
foundat ions .  So we have about  $5 b i l l i on  f r o m  the F e d e r a l  Govern-  
ment  and about $5 b i l l ion  f r o m  pr iva te  sou rces .  

Of these  moneys ,  both F e d e r a l  and p r iva te ,  l e s s  than 10 p e r c e n t - -  
indeed about 8 p e r c e n t - - g o  into bas ic  r e s e a r c h .  There  is  abou t  $400 
mi l l i on  wor th  of bas ic  r e s e a r c h  suppor ted  by the F e d e r a l  Govern-  
men t  and about $400 mi l l i o n  wor th  of bas ic  r e s e a r c h  suppor ted  by 
p r iva te  indus t ry .  The o ther  92 pe r cen t  is  spent  p r i m a r i l y  on e a r l y  
eng inee r ing  and deve lopment  of h a r d w a r e .  

One of the g rea t  p rob l ems  i s  how these  p ropor t ions  r e a l l y  should 
fa l l .  Is  8 p e r c e n t  the r igh t  p ropor t ion  of bas ic  sc ience  to fundamen ta l  
r e s e a r c h ?  On one hand,  if  you spend too l i t t le  on bas ic  sc i ence  your  
eng inee r ing  tends to be t ied to an  obso le scen t  sc ience  and t h e r e f o r e  
p roduces  v e r y  awkward o r  p r im i t i ve  so lu t ions .  On the o ther  hand,  
of cou r se ,  one cannot  p r e s s  bas ic  sc ience  f a r t h e r  than you have p e r -  
sonne l  qual i f ied to do i t  c r ea t i ve ly .  As you know, the t r a in ing  of 
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s c i e n t i s t s  fo r  ba s i c  r e s e a r c h  is  a v e r y  s p e c i a l  t r a i n i n g  and i t  t akes  
v e r y  m a n y  y e a r s .  It  t akes  e igh t  y e a r s  a f t e r  h igh  s choo l  to get  the 
d o c t o r ' s  d e g r e e ,  and you have  four  o r  f ive  m o r e  y e a r s  as  a r e -  
s e a r c h  a s s o c i a t e  at one of the g r e a t  l a b o r a t o r i e s  b e f o r e  you a r e  
r e a l l y  qua l i f i ed  to b e c o m e  a p r o f e s s o r  o r  the l e a d e r  of a g r e a t  r e -  
s e a r c h  p r o j e c t - - a b o u t  twelve  y e a r s  of pos t  h igh  s choo l  t r a i n i n g - -  
a l t hough  s o m e  of this  t i m e  m a y  be v e r y  p r o d u c t i v e  in  s c i e n c e .  

On the o t h e r  hand,  in  th is  p r o b l e m  of s u p p o r t  we have  the fo l l ow-  
ing  q u e s t i o n  to e x a m i n e :  A l m o s t  a l l  of new i n d u s t r y  today is  i n d u s t r y  
d e r i v e d  f r o m  s c i e n c e  and the t echno logy  e m e r g e n t  f r o m  it .  If we 
e x a m i n e  the p o w e r  i n d u s t r y ,  the c h e m i c a l  i n d u s t r y ,  the m e t a l s  
i n d u s t r i e s ,  with a l l  of the new m e t a l s  that  have  b e e n  d e v e l o p e d  
c o m m e r c i a l l y  in  the l a s t  20 y e a r s - - i n d u s t r y  by i n d u s t r y  we f ind that  
new i n d u s t r y  is  a l m o s t  whol ly  e m e r g e n t  f r o m  r e c e n t  s c i e n c e .  The 
e l e c t r o n i c s  i n d u s t r y ,  wi th  which  I have  b e e n  a s s o c i a t e d ,  .is c o m -  
p l e t e l y  e m e r g e n t  f r o m  s c i e n c e  of the p r e s e n t  c e n t u r y .  

In a g r o w i n g  coun t ry ,  wi th  g r o w i n g  i n d u s t r i a l  ac t iv i ty ,  s i n c e  i t  
is  t rue  that  the m a j o r  p a r t  of our  i n d u s t r y  e m e r g e s  f r o m  s c i e n t i f i c  
a d v a n c e ,  then  qui te  c l e a r l y  ou r  i n v e s t m e n t  in s c i e n c e  m u s t  be suf -  
f i c i e n t l y  l a r g e  to p r o v i d e  fo r  a con t inua l ly  expand ing  i n d u s t r i a l  
oppor tun i ty .  So this  is  one f a c t o r  that  m u s t  be r e m e m b e r e d  in  de -  
t e r m i n i n g  our  a l l o c a t i o n  of funds  to b a s i c  r e s e a r c h ,  as  c o n t r a s t e d  to 
e n g i n e e r i n g .  

A s e c o n d  f a c t o r  is  that ,  s i nce  m o s t  of m o d e r n  i n d u s t r y  is  e m e r -  
gent  f r o m  s c i e n c e  and  r e c e n t  t e chno logy ,  the c o l l e c t i o n s  in  t axes  by 
the F e d e r a l  T r e a s u r y  a r e  d e p e n d e n t  p r i n c i p a l l y  upon r e c e n t  i n -  
d u s t r y  and an adequa t e  p r o d u c t  f r o m  that  i n d u s t r y  wh ich  i t s e l f  can  
be taxed.  If one n e g l e c t s  the o r i g i n s  of i n d u s t r y  in  s c i e n c e  and  
t echno logy ,  one can  e x p e c t  not  only of the l o s s  of i n d u s t r y  and  the 
l o s s  of e m p l o y m e n t  but a l s o  a los s  of tax r e v e n u e  to the T r e a s u r y .  

So in G o v e r n m e n t  s u p p o r t  of s c i e n c e  i t  i s n ' t  j u s t  a q u e s t i o n  of 
g iv ing  away  the m o n e y  out of the T r e a s u r y  to s c i e n c e .  I t  i s  a l s o  ~a 
q u e s t i o n  of, s h a l l  we say,  the G o v e r n m e n t ' s  c a p i t a l i z i n g  g rowth  of 
the i deas  on wh ich  i t  m u s t  d e p e n d  in  the fu tu re  fo r  i t s  tax r e v e n u e .  
The  r e q u i r e d  ba l ance  is  d e l i c a t e ,  and I wi l l  l e a v e  i t  to you to w o r k  
out as to jus t  w h e r e  this  ba l ance  shou ld  f ina l ly  be s e t  f o r  the op t i -  
m u m  i n c o m e  to the T r e a s u r y  at a g iven  r a t e  of taxat ion.  

Now, what  a r e  the s t r e n g t h s  and the w e a k n e s s e s  of A m e r i c a n  
s c i e n c e ?  Wel l ,  the ba s i c  s c i e n c e  of the c o u n t r y ,  I th ink  on the who le  
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i s  s t r o n g .  That  b a s i c  s c i e n c e  has  a c h a r a c t e r  of which  e v e r y  
A m e r i c a n  can  be p roud .  Our  p h y s i c s ,  ou r  c h e m i s t r y ,  our  b io logy ,  
our  m e d i c a l  s c i e n c e ,  and our  a g r i c u l t u r a l  s c i e n c e ,  a l l  of t h e s e ,  
s t and  at  the v e r y  top in  c o m p a r i s o n  to w o r l d  s c i e n c e  g e n e r a l l y .  
T h e s e  a r e  a r e a s  of knowledge  in  which  the w o r l d  g e n e r a l l y  looks  to 
the U n i t e d  S ta tes  fo r  the l e a d e r s h i p  of the wor ld .  

The G o v e r n m e n t  a g e n c i e s  which  suppo r t  m u c h  of that  s c i e n c e - -  
Na t iona l  Sc i ence  Founda t i on ,  D e p a r t m e n t  of D e f e n s e ,  Na t iona l  I n s t i -  
tu tes  of Hea l th ,  A t o m i c  E n e r g y  C o m m i s s i o n - - I  th ink have  a r i g h t  to be 
v e r y  p roud  of the w i s d o m  that  they have  shown g e n e r a l l y  in  the sup-  
p o r t  of s c i e n t i f i c  r e s e a r c h .  And th is  p r e e m i n e n c e  should  be a m a t t e r  
of p r i d e  a m o n g  s c i e n t i s t s  in  G o v e r n m e n t  a g e n c i e s  as  wel l .  P e r h a p s  
no m o n e y  is  s p e n t  u n d e r  m o r e  r i g i d  r u l e s ,  o r  a f t e r  m o r e  c a r e f u l  
s tudy ,  or  wi th  g r e a t e r  i n t e g r i t y ,  than  the m o n e y  that  is  spen t  in sup -  
p o r t  of U .S .  s c i e n c e .  So I th ink  the F e d e r a l  a g e n c i e s  which  have  
s u p p o r t e d  the ba s i c  s c i e n t i f i c  p r o g r a m  in  the c o u n t r y  th rough  G o v e r n -  
m e n t  have  a jus t  r i g h t  to have  p r i d e  in  the job that  they  have  done.  

But ,  when  one goes  f r o m  the b a s i c  s c i e n c e s  in to  what  one m i g h t  
ca l l  the d e r i v e d  s c i e n c e s ,  the s i t ua t i on  is  not  so good. L e t ' s  t ake ,  
f o r  e x a m p l e ,  the e n v i r o n m e n t a l  s c i e n c e s - - m e t e o r o l o g y ,  s e i s m o l o g y ,  
h y d r o l o g y ,  w a t e r  r e s o u r c e s ,  and that  s o r t  of th ing.  One f inds  that  
t h e s e  s c i e n c e s  a r e  in  a r e l a t i v e l y  p r i m i t i v e  and e v e n  a d e c r e p i t  
s t a t e  in th is  c o u n t r y  at  the p r e s e n t  t i m e .  

You a s k  y o u r s e l f ,  Why shou ld  th is  be so?  Wel l ,  of c o u r s e  the 
e n v i r o n m e n t a l  s c i e n c e s  dea l  wi th  the e a r t h  as a who le ,  so they  in -  
vo lve  big p r o b l e m s ,  and they r e q u i r e  s p e c i a l  f a c i l i t i e s .  T h e s e  
f a c i l i t i e s  have  not b e e n  f o r t h c o m i n g ,  and  they  a r e  e x p e n s i v e .  But  
I th ink  the r e a l  t roub le  goes  back  to the o r g a n i z a t i o n  of s c i e n c e  in  
G o v e r n m e n t .  I m e n t i o n e d  a m o m e n t  ago that  t h e r e  a r e  a v a r i e t y  of 
s e r v i c e  a g e n c i e s - - t h e  W e a t h e r  B u r e a u ,  the C o a s t  and  G e o d e t i c  
S u rv ey ,  and the G e o l o g i c a l  Survey .  T h e s e  a g e n c i e s  a r e  d r i b b l e d  
a r o u n d  the G o v e r n m e n t  a l m o s t  by a c c i d e n t .  They  a r e  in d e p a r t m e n t s  
w h e r e  m a n y  of the  new a p p o i n t e e s  of the Kennedy  A d m i n i s t r a t i o n  
wi l l  be in  of f ice  f o r  a y e a r  o r  two b e f o r e  they  e v e r  f ind out t h e s e  
a g e n c i e s  a r e  in  t h e i r  d e p a r t m e n t s .  C o n s e q u e n t l y ,  t h e s e  a g e n c i e s ,  
o p e r a t i n g  i nd iv idua l ly ,  f ind  v e r y  l i t t l e  suppor t ,  v e r y  l i t t l e  m o n e y  
f o r  r e s e a r c h ,  s i n c e  they  a r e  not  r e l a t e d  to the ba s i c  i n t e r e s t s  of the 
d e p a r t m e n t s  c o n c e r n e d .  The W e a t h e r  B u r e a u  is  a l m o s t  d ry .  It  has  
a l m o s t  no r e s e a r c h  going o n - - n o t  b e c a u s e  the W e a t h e r  B u r e a u  
d o e s n ' t  u n d e r s t a n d  o r  want  i t .  The W e a t h e r  B u r e a u  u n d e r s t a n d s  
i t s  n e e d s  v e r y  wel l .  One n e e d  only ta lk  to the D i r e c t o r  of the 
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W e a t h e r  B u r e a u  or  to i t s  s m a l l  R e s e a r c h  D e p a r t m e n t  to r e a l i z e  the 
k e e n n e s s  wi th  which  they  g r a s p  fo r  r e s e a r c h  that  cou ld  a d v a n c e  our  
w e a t h e r  a c t i v i t i e s .  But the W e a t h e r  B u r e a u  j u s t  d o e s n ' t  get  the m o n e y  
b e c a u s e  it  i s  a m i n o r  a g e n c y  in the D e p a r t m e n t  of C o m m e r c e ,  wh ich  
is  p r e o c c u p i e d  with a v a r i e t y  of th ings  b e s i d e s  w e a t h e r .  

The G e o l o g i c a l  Survey ,  which  is  r e s p o n s i b l e  a m o n g  o t h e r  th ings  
fo r  ou r  w a t e r  r e s o u r c e s ,  i s  in the s a m e  s i tua t ion .  It  i s  i m b e d d e d  in  
a d e p a r t m e n t  wh ich  is  i n t e r e s t e d  in our  co lon i a l  a c t i v i t i e s ,  in  Ind i ans ,  
and  in  g r a z i n g ,  but s c a r c e l y  knows that  the G e o l o g i c a l  S u r v e y  is  t h e r e .  

So, as one goes  th rough  the G o v e r n m e n t ,  one f inds  that  the a g e n -  
c i e s  r e s p o n s i b l e  fo r  the e n v i r o n m e n t a l  s c i e n c e s  a r e  s c a t t e r e d  out in  
g o v e r n m e n t  and  r e p r e s e n t  no th ing  l ike  the  c o n c e n t r a t i o n  of r e s p o n s i -  
b i l i ty  that  you have  in  the AEC fo r  a t o m i c  work ,  o r  the NIH f o r  ou r  
h e a l t h  and w e l f a r e ,  o r  the D e p a r t m e n t  of A g r i c u l t u r e ,  f o r  ou r  a g r i c u l -  
t u r a l  s c i e n c e .  C o n s e q u e n t l y ,  the e n v i r o n m e n t a l  s c i e n c e s  a r e  t e r r i b l y  
n e g l e c t e d .  

One f inds  o t h e r  w e a k n e s s e s  in  A m e r i c a n  s c i e n c e .  T h e r e  a r e  
c r a c k s  b e t w e e n  the b a s i c  s c i e n c e s .  Take fo r  e x a m p l e  t he  f i e ld  of 
b i o p h y s i c s .  In b i o p h y s i c s  you have  the a p p l i c a t i o n  on one hand  of the 
e l e c t r o n i c s  and  p h y s i c s  and  on the o t h e r  hand b io logy.  This  m a r r i a g e  
of two r e l a t e d  s c i e n c e s  p r o m i s e s  to l ead  to v e r y  i m p o r t a n t  d e v e l o p -  
m e n t s  in  bas i c  s c i e n c e .  But  no one is  r e s p o n s i b l e  f o r  b i o p h y s i c s .  

In the u n i v e r s i t i e s  you have  d e p a r t m e n t s  of b io logy ,  d e p a r t -  
m e n t s  of p h y s i c s ,  d e p a r t m e n t s  of m a t h e m a t i c s ,  and d e p a r t m e n t s  of 
e n g i n e e r i n g  w h e r e  they  d e a l  wi th  e l e c t r o n i c s .  Mos t ly  t h e s e  d e p a r t -  
m e n t s  don ' t  ta lk  to e a c h  o the r .  T h e r e  a r e  wide c r a c k s  b e t w e e n  t h e m .  
As a c o n s e q u e n c e ,  the s c i e n c e s  which  fa l l  a c r o s s  t h e s e  u n i v e r s i t y  
d e p a r t m e n t a l  l i nes  t end  to be n e g l e c t e d .  B i o p h y s i c s  is  s i m p l y  an 
e x a m p l e  of m a n y  a r e a s  of d e v e l o p m e n t  in th is  coun t ry  w h e r e  ou r  
s c i e n c e  is  w e a k  at  the m o m e n t .  

The na t i ona l  l a b o r a t o r i e s  could,  p e r h a p s ,  do s o m e t h i n g  to 
c o r r e c t  th is .  Un fo r tuna t e ly ,  m o s t  of t h e s e  l a b o r a t o r i e s  tend  to be 
o r g a n i z e d  as  u n i v e r s i t i e s  a r e ,  with d e p a r t m e n t s  of p h y s i c s ,  de -  
p a r t m e n t s  of c h e m i s t r y ,  d e p a r t m e n t s  of m a t h e m a t i c s ,  e t  c e t e r a .  
P e r h a p s  the na t i ona l  l a b o r a t o r i e s  shou ld  r e o r g a n i z e  to cut  a c r o s s  
the u n i v e r s i t y  l i n e s  in  o r d e r  to c l o s e  the c r a c k s  that  have  d e v e l o p e d  
b e t w e e n  u n i v e r s i t y  d e p a r t m e n t s  w h e r e  s c i e n c e  is  not  r e c e i v i n g  a d e -  
quate  a t t en t ion .  
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Then  t h e r e  a r e  o t h e r  w e a k n e s s e s  of our  s c i e n c e  in  this  coun t ry .  
Oddly  enough,  in  sp i t e  of the fac t  that  the G o v e r n m e n t  is  one of the 
s t r o n g e s t  s u p p o r t e r s  of bas i c  r e s e a r c h ,  n e v e r t h e l e s s ,  if  the G o v e r n -  
m e n t  m a k e s  a c o n t r a c t  f o r  the p r o d u c t i o n  of one i t e m  or  a n o t h e r  in  an  
i n d u s t r i a l  ac t iv i ty ,  i t  does  not p e r m i t  the funds u n d e r  that  c o n t r a c t  to 
be app l i ed  to any r e s e a r c h  by the c o r p o r a t i o n  c a r r y i n g  the c o n t r a c t .  

This  is  a v e r y  odd s i t ua t ion  b e c a u s e  i t  d e p r i v e s  the c o m p a n y  con-  
c e r n e d  of the e x e r c i s e  of i ngenu i ty  and j u d g m e n t  with r e s p e c t  to the 
p r o d u c t i o n  of the i t e m  fo r  which the c o n t r a c t  is  m a d e .  Qui te  c l e a r l y ,  
the G o v e r n m e n t ,  and p e r h a p s  e v e n  w i s e l y ,  shou ld  p lace  s o m e  l i m i -  
ta t ion  on the a m o u n t  of p r o d u c t i o n  c o n t r a c t  m o n e y  to be s p e n t  fo r  r e -  
s e a r c h .  But  m u c h  advan tage  could  be a c q u i r e d  to the G o v e r n m e n t  by 
a l l owing  the company ,  th rough  i t s  r e s e a r c h  and i ts  d e v e l o p m e n t  
a c t i v i t i e s ,  to f ind m o r e  e f f i c i e n t  m e t h o d s  of p r o d u c t i o n  and to p r o -  
duce ,  p e r h a p s  a l e s s  o b s o l e t e  p roduc t  t h rough  the app l i c a t i on  of i t s  
own ingenu i ty .  So h e r e  m e a s u r e s  could  be t aken  by the G o v e r n m e n t  
to i m p r o v e  the s i t u a t i o n  

Wel l ,  one could  ta lk  about  o t h e r  s t r e n g t h s  and w e a k n e s s e s ,  and 
s u r e l y  the new A d m i n i s t r a t i o n  wi l l  f ind  a v e r y  i n t e r e s t i n g  c h a l l e n g e  in  
c o r r e c t i n g  t h e s e  w e a k n e s s e s .  I would  m e n t i o n  jus t  ot~e of thdm.  In 
sp i te  of the f ac t  that  t h e r e  i s  v e r y  s u b s t a n t i a l  s u p p o r t  fo r  s c i e n t i f i c  
r e s e a r c h  in  th is  coun t ry ,  we have  t ended  to le t  our  r e s e a r c h  p lant  r un  
down. If you go in to  the a v e r a g e  u n i v e r s i t y  o r  c o l l e g e  a t  the p r e s e n t  
t i m e ,  you wi l l  f ind  that  the r e s e a r c h  p lant  i n v o l v e s  v e r y  a n c i e n t  
o b s o l e s c e n t  e q u i p m e n t .  Somehow or  o t h e r  m o n e y  can  be found fo r  
p r o j e c t s  o r  e v e n  p r o g r a m s  but r a r e l y  fo r  f a c i l i t i e s .  And so ou r  
f a c i l i t y  p lan  t fo r  r e s e a r c h  in  th is  coun t ry  has  run  down v e r y  s e r i o u s l y  
in  the l a s t  20 y e a r s .  B e c a u s e  an a d v a n c i n g  s c i e n c e  i t s e f f  m a k e s  
e q u i p m e n t  and  f a c i l i t i e s  o b s o l e s c e n t  r a t h e r  r a p i d l y ,  we tend to be 
r e - r e s e a r c h i n g  the s a m e  old th ings  r a t h e r  than push ing  on in to  new 
a r e a s  of s c i e n t i f i c  ac t iv i ty .  So t h e r e  i s  a v e r y  de f in i t e  d a n g e r  that  
ou r  s c i e n t i f i c  p lan t  wi l l  be ou tmoded .  

Now, what  about  the fu tu re  i m p a c t  of s c i e n c e - - r e a l l y  the s u b j e c t  
of the t i t le  of m y  ta lk  th is  m o r n i n g ?  Wel l ,  th is  t akes  a p r o p h e t  wi th  

a M a r k  II c r y s t a l  ba l l  to t ry  to f i g u r e  out jus t  w h e r e  th ings  a r e  going.  
But  I th ink t h e r e  a r e  s o m e  a r e a s  in  which  p r e d i c t i o n s  can  be m a d e  
wi th  r e l a t i v e  sa fe ty .  

The f i r s t  p r e d i c t i o n  I would  t a k e  as an  e x a m p l e  would  be in the 
a r e a  of c i v i l i a n  ac t iv i ty ,  and can be m a d e  qui te  sa fe ly .  I t  r e l a t e s  to 
c o m m u n i c a t i o n s  d e r i v e d  f r o m  s a t e l l i t e  s p a c e  ac t i v i  .ty. The p r e s e n t  
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l i m i t a t i o n s  o n  c o m m u n i c a t i o n s  i n  t he  U n i t e d  S t a t e s  go  s o m e t h i n g  l i k e  
t h i s :  I f  y o u  d r a w  a l i ne  a c r o s s  the  U n i t e d  S t a t e s  e a s t  to  w e s t  a n d  
m e a s u r e  a l l  t he  c o m m u n i c a t i o n s  t r a n s m i t t e d  f r o m  n o r t h  to  s o u t h  y o u  
f i n d  t h a t  t h i s  c a n  be c o n f i n e d  in  a b a n d  w i d t h a b o u t l 0  m e g a c y c l e s  w i d e .  
A s  y o u  k n o w ,  the  b a n d  w i d t h  d e t e r m i n e s  t h e  t o t a l  a m o u n t  of  c o m m u n i -  
c a t i o n s  t h a t  c a n  be t r a n s m i t t e d  a c r o s s  t h a t  l i ne  i n  a g i v e n  t i m e .  

I f  y o u  d r a w  a l i n e  r i g h t  a r o u n d  the  U n i t e d  S t a t e s  y o u  f i n d  t h a t  t he  
t o t a l  c o m m u n i c a t i o n s  a r e  c o n t a i n e d  i n  a b a n d  w i d t h  a b o u t  o n e  m e g a -  
c y c l e  w i d e .  T h i s  r e a l l y  i s  n o t  v e r y  m u c h  c o m m u n i c a t i o n .  T h e  
a v a i l a b i l i t y  of c o m m u n i c a t i o n  i s  s o m e t i m e s  g r e a t e r  t h a n  t h i s ,  b u t  u n -  
f o r t u n a t e l y  t h i s  v a r i e s  w i t h  t i m e ,  w i t h  s u n  s p o t s ,  w i t h  the  n u m b e r  of  
c a b l e s  y o u  h a v e  a c r o s s  the  A t l a n t i c ,  a n d  s o  on .  

Y o u  m a y  be  s u r p r i s e d  to k n o w ,  p e r h a p s ,  t h a t  t h e r e  a r e  o n l y  47 
c a b l e  c h a n n e l s  a c r o s s  the  A t l a n t i c  b e t w e e n  the  U n i t e d  S t a t e s  a n d  
E u r o p e  a t  t he  m o m e n t .  

W i t h  the  c o m i n g  of s a t e l l i t e s ,  q u i t e  c l e a r l y  we  h a v e  t he  o p p o r t u n i t y  
of  m u l t i p l y i n g  t h i s  c o m m u n i c a t i o n  c a p a b i l i t y  by  a f a c t o r  of  a s  m u c h  a s  
10,  000  w i t h  a c o m p a r a t i v e l y  s m a l l  i n v e s t m e n t .  W h e n  I s a y  " a  s m a l l  
i n v e s t m e n t "  I m e a n  a s m a l l  i n v e s t m e n t  c o m p a r e d  to w h a t  y o u  g e t  f o r  
i t .  F o r  e x a m p l e ,  a s i n g l e  s a t e l l i t e  c o m m u n i c a t i o n  s y s t e m ,  b a s e d  o n  
t h e  2 4 - h o u r  h o v e r i n g  s a t e l l i t e ,  w o u l d  p r o b a b l y  c o s t  a b o u t  $ 1 0 0  m i l l i o n .  
T h i s  i s  q u i t e  a l o t  of  m o n e y ,  b u t  t he  t o t a l  c o m m u n i c a t i o n s  c a r r i e d  by 
s u c h  a s y s t e m  m i g h t  be  of  the  o r d e r  of  100 t i m e s  the  t o t a l  c o m m u n i c a -  
t i o n s  now  a v a i l a b l e  a c r o s s  t he  A t l a n t i c .  So the  i n v e s t m e n t ,  c o m p a r e d  
to the  r e t u r n ,  i s  n o t  v e r y  l a r g e .  T h u s  one  c a n  a n t i c i p a t e  w i t h i n  the  
n e x t  d e c a d e  t h a t  c o m m u n i c a t i o n s  w i l l  be m u l t i p l i e d  on  a v a s t  s c a l e  
a n d  t h a t  t he  c o s t  w i l l  be  g r e a t l y  r e d u c e d .  E v e n  the  m o s t  c o n s e r v a t i v e  
e s t i m a t e s  i n d i c a t e  t h a t  t he  c o s t  w i l l  c o m e  d o w n  by  a f a c t o r  of  5, a n d  
l e s s  c o n s e r v a t i v e  e s t i m a t e s ,  a n d  p e r h a p s  m o r e  r e a l i s t i c  o n e s ,  i n d i c a t e  
t h a t  t he  c o s t  w i l l  c o m e  d o w n  by  a f a c t o r  of 10. 

What does this mean to the country as a whole? Of course it means 

a good communication industry. You all know that AT&T stock is going 

up ,  a n d  t h i s  s o r t  of  t h i n g .  B u t  I t h i n k  i t  m e a n s  m u c h  m o r e  t h a n  t h a t .  
I t  m e a n s  t h a t  we  a r e  w i t h i n  t he  r e a c h  of w o r l d w i d e  d i a l i n g  on  t e l e p h o n e s .  
B u t  e v e n  t h i s  i s  a v e r y  e l e m e n t a r y  c o n c e p t .  B a s i c a l l y  the  a v a i l a b i l i t y  
of a v a s t  a m o u n t ,  a n  a l m o s t  u n l i m i t e d  a m o u n t ,  of c o m m u n i c a t i o n s  a t  
a v e r y  low c o s t ,  m e a n s  w h o l e  n e w  c o n c e p t s  w i t h  r e g a r d  to  l o c a t i o n s  
of  i n d u s t r y ,  w i t h  r e g a r d  to  o r g a n i z a t i o n  of  m a n u f a c t u r e  a n d  s a l e s .  
W i t h  o u r  m o d e r n  e l e c t r o n i c s  one  c a n  a n t i c i p a t e  w r i t i n g  s p e c i f i c a t i o n s  
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s i m p l y  on a punch  c a r d  o r  a m a g n e t i c  tape and  r u n n i n g  those  s p e c i f i c a -  
t ions  t h r o u g h  the m a c h i n e  wi thou t  any  r e g a r d  to w h e r e  the f a c t o r y  i s ;  
h a v i n g  the i n f o r m a t i o n  c o m m u n i c a t e d  not  t h r o u g h  s o m e  " s a l e s m a n  but  
d i r e c t l y  in to  the m a c h i n e  a t  the o t h e r  end  w h i c h  m a n u f a c t u r e s  the p a r t ,  
p a c k a g e s  i t ,  and  s e n d s  i t  a long .  

We can  l o c a t e  ou r  i n d u s t r i e s  in b e t t e r  p r o x i m i t y  to the n a t u r a l  
r e s o u r c e s .  A whole  v a r i e t y  of i n d u s t r i a l  c h a n g e s ,  I th ink ,  a r e  qui te  
c e r t a i n  to o c c u r .  One can  look  at  the i n v e n t o r y  s i t ua t i on .  Al l  m o d e r n  
c o m p a n i e s  t oday  h a v e  the t e l e t y p e  s y s t e m  in  w h i c h  they  look o v e r  t h e i r  
e n t i r e  i n v e n t o r y  d a i l y  to s e e  wha t  the e f f e c t  of s a l e s  and m a n u f a c t u r e  
h a s  b e e n  on tha t  i n v e n t o r y .  

But ,  w h e n  you  t r y  to do this  o u t s i d e  of the c o u n t r y ,  o r  when  you  
t r y  to look  at  c o m p e t i t o r s '  i n v e n t o r i e s  a b r o a d ,  you  f ind  that  i t  is  too 
c o s t l y  to s e t  up a c o m p l e t e  s y s t e m .  But  s a t e l l i t e  c o m m u n i c a t i o n  
b r i n g s  us w i th in  r e a c h  of a w o r k a b l e  s y s t e m  so  that  the f u n d a m e n t a l  
o r g a n i z a t i o n  of o u r  i n v e n t o r y  s y s t e m  on a w o r l d w i d e  b a s i s  w i l l  be 
c h a n g e d  as  a c o n s e q u e n c e  of new c o m m u n i c a t i o n s .  

T h e r e f o r e ,  one can  l e t h i s  i m a g i n a t i o n  r u n  v e r y  c o n s i d e r a b l y  in  
p r o p h e s y i n g  the e f f e c t  of t h e s e  v a s t  new c o m m u n i c a t i o n s ,  that  have  
e m e r g e d  out  of o u r  s c i e n c e  of the 1950 's  and  e a r l y  1960 ' s ,  w i l l  be 
on the to ta l  e c o n o m y  and  s o c i a l  a d j u s t m e n t  of the w o r l d  g e n e r a l l y .  

One m i g h t  t u r n  to a s e c o n d  e x a m p l e .  Th i s  i s  a m i l i t a r y  one .  I 
wou ld  r e f e r  to wha t  I b e l i e v e  w i l l  be a m a j o r  c h a n g e  in  f i e ld  o p e r a -  
t ions  s i m p l y  as  the r e s u l t  of the d e v e l o p m e n t  of an  a r e a  of s o l i d -  
s t a t e  p h y s i c s  in  the a r e a  of the p h y s i c a l  and  the c h e m i c a l  s c i e n c e s .  

S o m e  of you  h a v e  h e a r d  tha t ,  wi th  the g r o w t h  of t h e o r y  and  
p r a c t i c e  in  the f i e ld  of t r a n s i s t o r s  and  c o n d u c t o r  d e v i c e s ,  i t  is  now 
p o s s i b l e  to m a k e  a c o m p l e t e  o s c i l l a t o r  o r  a c o m p l e t e  a m p l i f i e r  w i th  
abou t  100 m o l e c u l e s .  I t  t u r n s  out  tha t  b e c a u s e  of the n a t u r a l  s h a p e s  
of a t o m s  n a t u r e  s i m p l y  wan t s  to o r d e r  c e r t a i n  l a r g e  c o m b i n a t i o n s  of 
m o l e c u l e s  so  tha t  they  w i l l  b e h a v e  v e r y  n i c e l y  as  c i r c u i t s .  When  
one p a c k a g e s  t h e s e ,  i t  t u r n s  out  tha t  one c a n  now put  about  5 m i l l i o n  
of t h e s e  c i r c u i t s  p e r  cub ic  foot  and  p e r h a p s  e v e n t u a l l y  s o m e  50 m i l -  
l i on  of t h e s e  c i r c u i t s  p e r  cub ic  foot .  B e c a u s e  they  a r e  v e r y  s m a l l ,  
t hey  r e q u i r e  v e r y  l i t t l e  e n e r g y  and i nvo lve  v e r y  l i t t l e  h e a t  d i s s i p a -  
t ion.  B e c a u s e  they  a r e  m a d e  of b a s i c  m a t e r i a l s ,  of c o u r s e ,  they  
have  not  the r e l i a b i l i t y  of the p r e s e n t  e l e c t r o n i c s  w h i c h  a l l  of us 
k n o w - - o r  s h a l l  we s a y  l a c k  of r e l i a b i l i t y  of i t .  I n s t e a d ,  p e r h a p s ,  
the r e l i a b i l i t y  i s  tha t  of a p i e c e  of r o c k .  T h e r e  i s  v e r y  l i t t l e  that  
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you  can  do to d a m a g e  s u c h  c i r c u i t s  e i t h e r  wi th  r e s p e c t  to t e m p e r a -  
t u r e  o r  wi th  r e s p e c t  to s h o c k .  

C o n s e q u e n t l y ,  one can  e x p e c t  v e r y  c o m p l e x  c i r c u i t s  r e q u i r i n g  
no m a i n t e n a n c e ,  no c a r e ,  w h i c h  once  a s s e m b l e d  w i l l  o p e r a t e  m o r e  
o r  l e s s  i n d e f i n i t e l y  to do the job they a r e  i n t e n d e d  to do. T h e s e  
s h o u l d  be v e r y  l i g h t - w e i g h t  and  they can  be j u s t  as  c o m p l e x  as  you  
l i k e ,  b e c a u s e ,  a f t e r  a l l ,  if t h e r e  is no m a i n t e n a n c e ,  if you  n e v e r  
look  i n s i d e  of the b l a c k  box, you  j u s t  don ' t  c a r e  how c o m p l e x  i t  is  
on the i n s i d e .  

Now,  wha t  c a n  you do wi th  d e v i c e s  of th is  k i n d ?  Al l  of you  who 
have  been  a s s o c i a t e d  wi th  m i l i t a r y  o p e r a t i o n s  r e a l i z e  the i n t e n s e  
c o m p l e x i t y  of f i e ld  p l a n n i n g  and  of ba t t le  p l ann ing .  This  i s  r e a l l y  
p r o b l e m  of i n t e l l i g e n c e .  You want  to know wha t  you  n e e d ,  w h e r e  and  
w h e n  you n e e d  it .  You wan t  to know w h e r e  y o u r  s u p p l i e s  a r e ,  you  
want  to get  t h e m  f r o m  w h e r e  they  a r e  to w h e r e  they  a r e  n e e d e d .  You 
wan t  to use  a l l  of the i n t e l l i g e n c e  a t  hand  in  the p l a n n i n g  of the ba t t l e  
i t s e l f .  You want  to e v a l u a t e  th is  i n t e l l i g e n c e  a s  w e l l  as  p o s s i b l e .  
I n d e e d ,  any  a s s i s t a n c e  w h i c h  can  be p r o v i d e d  w h i c h  a ids  you  in u s i n g  
a l l  of the i n f o r m a t i o n  a v a i l a b l e  in the m o s t  e f f e c t i v e  p o s s i b l e  way 
l e a v e s  to the f i e ld  c o m m a n d e r  only the p r o b l e m  of m a k i n g  d e c i s i o n s  
on r a t h e r  good and  and we l l  d i g e s t e d  i n f o r m a t i o n .  And if you can  
a c c o m p l i s h  th is  we a l l  know that ,  g iven  s u f f i c i e n t  f o r c e s ,  the c o m -  
m a n d e r  has  a f a i r  c h a n c e  of w inn ing  the ba t t l e .  

Al l  of us who w e r e  in the P a c i f i c  r e m e m b e r  the i m m e n s e  p i l e s  
of e q u i p m e n t  w h i c h  w e r e  s h i p p e d  out t h e r e .  V e r y  of ten  you  would  
be v e r y  s h o r t  of s o m e  e q u i p m e n t  and then  f ind  l a t e r  that  s o m e  
s u b s t i t u t e  was  in a d e q u a t e  supp ly  un touched  n e a r b y .  This  was  a 
m a t t e r  of i n t e l l i g e n c e  in  the l o g i s t i c s  s y s t e m .  One who has  gone 
t h r o u g h  the p l a n n i n g  o p e r a t i o n s  in the P a c i f i c  r e a l i z e s  the i m m e n s e  
job of go ing  t h r o u g h  the l i t e r a l l y  tens  of t h o u s a n d s  of i t e m s  that  had  
to be s h i p p e d  to s e e  that  they  could  get  to the r i g h t  p l a c e  a t  the r i g h t  
t i m e  and  that  c o m m a n d e r s  cou ld  have  a c c e s s  to t h e m ,  e s p e c i a l l y  
when  s o m e t h i n g  wen t  w r o n g - - w h e n  the e n e m y  pu l l ed  off s o m e  s tun t  
tha t  was  not  a n t i c i p a t e d ,  w h e r e  e x t r a  s u p p l i e s  w e r e  u n e x p e c t e d l y  
n e e d e d .  

Now,  a l l  of us know that  an  e n o r m o u s  n u m b e r  of m e n  in  the 
m i l i t a r y  f o r c e s  a r e  r e q u i r e d  to m a n  this  l o g i s t i c s  supp ly  s y s t e m ,  
to m a n  the i n t e l l i g e n c e  p a r t  of the s y s t e m ,  to e v a l u a t e  the i n t e l l i g e n c e ,  
and  to do this  qu i ck ly  enough  so  that  it  is  e f f e c t i v e  a t  the t i m e  of ba t t l e .  
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T h e p r o b l e m  i s ,  to wha t  e x t e n t  can  our  m o d e r n  e l e c t r o n i c s ,  wi th  new 
f o r m s  of r e l i a b i l i t y ,  wi th  new f o r m s  of c o m p l e x i t y ,  d e a l  wi th  v e r y  
a d v a n c e d  types  of p r o b l e m s ?  To what  e x t e n t  c a n  this  new e l e c t r o n i c s  
be s u b s t i t u t e d  f o r  the t h o u s a n d s  of m e n  who had to be u s e d  in the pa s t  
and  who, b e c a u s e  of t h e i r  l i m i t e d  t r a i n i n g ,  w e r e  not a l w a y s  e f f e c t i v e ?  
The a n s w e r  p r o b a b l y  is  tha t  wi th in  the nex t  10 y e a r s  we shou ld  be ab l e  
to get  e l e c t r o n i c s  s y s t e m s  of l o g i s t i c s  c o n t r o l ,  and  of ba t t l e  c o n t r o l ,  
tha t  wi l l  a l m o s t  d i s p e n s e  wi th  the i n t e r m e d i a t e  i n d i v i d u a l ,  and wi l l  
g ive us a f a r  h i g h e r  m e a s u r e  of r e l i a b i l i t y ,  of e v a l u a t i o n  of i n f o r m a -  
t ion,  of a c c e s s  to i n f o r m a t i o n .  Then  the f i e l d  c o m m a n d e r  can  m a k e  
h is  d e c i s i o n s  wi th  m u c h  g r e a t e r  p r e c i s i o n .  One would  s u s p e c t  that  a 
lot  of e f f o r t  in  the f u t u r e  wi l l  go in to  this  k ind  of a c t i v i t y  to a m p l i f y  a 
ba t t l e  p r o b l e m  of e v e r - i n c r e a s i n g  c o m p l e x i t y .  

Doing  this  h a s  one g r e a t  a d v a n t a g e .  Whi le  s u c h  s y s t e m s  wi l l  
i n e v i t a b l y  be e x p e n s i v e ,  they  shou ld  be ab le  to r e l e a s e  l a r g e  n u m b e r s  
of m e n  f r o m  n o n c o m b a t  a c t i v i t i e s ,  pu t t ing  t h e s e  m e n  o v e r  in to  the 
c o m b a t  l ine .  This  c e r t a i n l y  is  s o m e t h i n g  that  any  m i l i t a r y  c o m -  
m a n d e r  would  w e l c o m e .  

My f ina l  e x a m p l e  of what  one m i g h t  e x p e c t  to get  f r o m  m o d e r n  
s c i e n c e ,  if p r o p e r l y  exp lo i t ed ,  r e l a t e s  to the c o n t r o l  of a r m a m e n t s .  
L e t  m e  be v e r y  c l e a r  that  I a m  not  t a l k ing  abou t  the w o r d  " d i s a r m a -  
m e n t . "  I f ind  the u se  of the w o r d  " d i s a r m a m e n t "  in m o d e r n  t i m e s  a 
l i t t l e  n a u s e o u s .  E v e r y o n e  s h o u l d  know tha t  a d i s a r m e d  wo~'ld wou ld  
be the m o s t  u n s t a b l e  of a l l  w o r l d s .  

We only  h a v e  to be r e m i n d e d  of the a d v e n t u r e r s  j u s t  sou th  of 
m y  h o m e  in  F l o r i d a  to r e a l i z e  tha t  the i d e a  of d i s a r m a m e n t  i s  r e a l l y  
not  a c c e p t a b l e  to any  c o u n t r y .  I a m  s u r e  tha t  e v e n  the m o s t  d e d i -  
c a t e d  p a c i f i s t ,  i f  he  r e a l l y  thought  the p r o b l e m  t h r o u g h ,  would  not  
wan t  a d i s a r m e d  w o r l d ,  b e c a u s e  this  would  be a w o r l d  open  to 
a d v e n t u r e ,  open  to any  m i n o r  N a p o l e o n  who a s p i r e d  to be a c o n q u e r -  
i ng  h e r o .  

On the o t h e r  hand ,  wha t  we r e a l l y  wou ld  l ike  to h a v e  is  a c o n t r o l  
of a r m a m e n t s ,  a c o n t r o l  of w e a p o n s  of m a s s  d e s t r u c t i o n ,  so that  t hey  
cou ld  not  be a c c i d e n t a l l y  r e l e a s e d  in  a s u r p r i s e  a t t a c k  at  any  t i m e .  

Now,  a t  the m o m e n t  we don ' t  know how to c o n t r o l  a r m a m e n t s ,  
and  i t  i s  r e a l l y  qui te  f o o l i s h  to ta lk  abou t  the c o n t r o l  of a r m a m e n t s  
o r  to n e g o t i a t e  f o r  the c o n t r o l  of a r m a m e n t s ,  b e c a u s e  e v e n  if you 
n e g o t i a t e d  a c o n t r o l  s y s t e m ,  you w o u l d n ' t  know wha t  you had  and  
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w o u l d n ' t  kn~w h o w  to  do  i t .  C o n s e q u e n t l y  s u c h  a n e g o t i a t i o n  w o u l d  
be  m e a n i n g l e s s .  

B u t  i t  m a y  be  p o s s i b l e - - I  w o n ' t  a s s e r t  p o s i t i v e l y  t h a t  i t  i s - - t o  
s e t  u p  s y s t e m s  f o r  t he  c o n t r o l  of  w e a p o n s  of  m a s s  d e s t r u c t i o n  w h i c h  
a r e  s o  w e l l  f o u n d e d  o n  a t e c h n i c a l  b a s e  t h a t  y o u  c o u l d  be  s a t i s f i e d  t h a t  
a n  e n e m y  w o u l d  n o t  g e n e r a t e  a s y s t e m  o n  a s c a l e  t h a t  w o u l d  o v e r -  
w h e l m  y o u .  A f t e r  a l l ,  a s  l o n g  a s  we  k n o w  we  c a n n o t  be o v e r w h e l m e d  
we  c a n  be  i n  a p o s i t i o n  of  r e l a t i v e  s a f e t y ,  f o r  w e  w o u l d  a l w a y s  h a v e  a 
s u f f i c i e n t  A r m e d  F o r c e  to  d e a l  w i t h  w h a t e v e r  m i n o r  s i t u a t i o n  c a m e  to 
h a n d .  

B u t  the  d i f f i c u l t y  t h a t  we  f a c e  w i t h  w e a p o n s  of  m a s s  d e s t r u c t i o n  
i s  the  d a n g e r  of  b e i n g  o v e r w h e l m e d .  S o  s c i e n c e  o f f e r s  p e r h a p s  a 
n u m b e r  of o p p o r t u n i t i e s  f o r  v e r y  c a r e f u l  s t u d y  of  h o w  a r m s  m i g h t  be  
c o n t r o l l e d .  I t  i s  s i m p l y  u s e l e s s  to  t a l k  a b o u t  c o n t r o l  o f  a r m a m e n t s  
u n t i l  we  go t h r o u g h  t h e s e  s t u d i e s .  I s u s p e c t  t h a t ,  i f  a r m s  a r e  to  be  
c o n t r o l l e d ,  e x p e n d i t u r e s  m u s t  be m a d e  w h i c h  a r e  c o m p a r a b l e  to t h e  
d e v e l o p m e n t  a n d  m a n u f a c t u r e  of  t he  a r m s  t h e m s e l v e s - - t h e  e x t e n t  o f  
r e s e a r c h  m u s t  be  v e r y  g r e a t  b e f o r e  we  c a n  r e a l l y  u n d e r s t a n d  h o w  to 
c o n t r o l  a r m s ,  S u c h  r e s e a r c h  on  w e a p o n s - c o n t r o l  m u s t  s t a r t  f r o m  
r e s e a r c h  a n d  d e v e l o p m e n t ,  t h r o u g h  p r o d u c t i o n ,  go  on  t h r o u g h  s t o r a g e ,  
l o g i s t i c s ,  t he  d e l i v e r y  of  t h e  a r m s ,  t r a i n i n g  of p e r s o n n e l  a n d  e v e r y  
e l e m e n t  w h i c h  i s  i n v o l v e d  in  p r o d u c t i o n  a n d  d e l i v e r y  of  w e a p o n s  of  
m a s s  d e s t r u c t i o n .  

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

Of  c o u r s e  we  a l l  k n o w  t h a t ,  e v e n  i f  we d id  d e v e l o p  a n  a c c e p t a b l e  
s y s t e m  of  a r m s  c o n t r o l ,  o n e  w h i c h  w o u l d  w a r n  u s  i n  t he  e v e n t  t h a t  
s u b s t a n t i a l  v i o l a t i o n  w a s  g o i n g  on ,  we  m u s t  a l s o  h a v e  a g r e e m e n t  o r  
a c c e p t a n c e  of s u c h  s y s t e m .  At  t he  m o m e n t  a c c e p t a n c e  of  s u c h  a 
s y s t e m  s e e m s  to be v e r y  u n l i k e l y .  A f t e r  a l l ,  t h e  S o v i e t  U n i o n  i s  
s u f f e r i n g  f r o m  a m a s s i v e  c a s e  of  M c C a r t h y i s m - - t h e y  i n v e n t e d  i t ,  
r e a l l y - - a n d  t h i s  i s ,  of  c o u r s e ,  i n t e r n a l  s e c u r i t y  c a r r i e d  to  the  n t h  
o r d e r .  I t h i n k  t h e y  a r e  r e a l l y  f r i g h t e n e d  a b o u t  t h i s  m a t t e r  of  i n t e r n a l  
s e c u r i t y .  T h e  q u e s t i o n  i s :  I f  y o u  c o u l d  f i n d  a s y s t e m  f o r  t h e  c o n t r o l  
o f  a r m a m e n t s ,  c o u l d  y o u  g e t  t he  S o v i e t s  to  a g r e e  to  i t ?  
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At the m o m e n t ,  of c o u r s e ,  I doubt  tha t  you  cou ld ,  b e c a u s e  th is  
d i s e a s e  of i n t e r n a l  s e c u r i t y  has  c o m p l e t e l y  o v e r w h e l m e d  t h e m .  In 
the Sov ie t s  i t  i s  a g e n e t i c  d i s e a s e  wh ich  s e e m s  to have  c o m e  down 
f r o m  the C z a r s .  I t ' s  a p s y c h o s o m a t i c  d i s e a s e ,  b e c a u s e  i t  i s  s o m e -  
th ing  in wh ich  one a l w a y s  i m a g i n e s  that  s o m e t h i n g  is  w r o n g .  S o m e -  
how o r  o t h e r  they  i m a g i n e  that  they  a r e  in  a m u c h  s t r o n g e r  p o s i t i o n  
b e c a u s e  of t h e i r  e m p h a s i s  on i n t e r n a l  s e c u r i t y  than we a r e  wi thou t  
s u c h  d e l u s i o n s .  But ,  if t h e y  r e a l l y  thought  about  i t  v e r y  h a r d ,  they  
wou ld  r e a l i z e  tha t  we,  wi th  ou r  m u c h  l o w e r  s t a n d a r d s  of i n t e r n a l  
s e c u r i t y ,  a r e  j u s t  as  s t r o n g  or  s t r o n g e r  than they  a r e ,  b e c a u s e  of 
the a d v a n t a g e s  tha t  a r e  ga ined  f r o m  ou r  f r e e d o m  of a c t i o n  and m u t u a l  
c o n f i d e n c e .  So, p e r h a p s  b e c a u s e  of the p s y c h o s o m a t i c  c h a r a c t e r  of 
th is  d i s e a s e ,  i f  we cou ld  d e m o n s t r a t e  m e t h o d s  of a r m s  c o n t r o l ,  they  
cou ld  c o m p a r e  the a d v a n t a g e s . o f  i n t e r n a l  v e r s u s  e x t e r n a l  s e c u r i t y ,  
and  s o m e  f u t u r e  a g r e e m e n t  m i g h t  be d e v e l o p e d .  W e l l ,  this  is  v e r y  
" i f f y . "  But  I poin t  o u t  tha t  the ends  to be g a i n e d  m a y  be v e r y  s u b s t a n -  
t i a l ,  b e c a u s e  i t  would  be v e r y  a d v a n t a g e o u s  to def ine  the l i m i t a t i o n s  
on w a r f a r e  m o r e  e x p l i c i t l y ,  so  that  we cou ld  d e a l  wi th  a p r o b l e m  that  
we u n d e r s t o o d  r a t h e r  than  an unde f ined  p r o b l e m  which  m i g h t  i nvo lve  
the d e s t r u c t i o n  of c i v i l i z a t i o n  i t s e l f .  T h e r e f o r e ,  s c i e n c e  m a y  be ab le  
to c o n t r i b u t e  h e r e  v e r y  we l l  a c t i n g  t h r o u g h  m i l i t a r y  c h a n n e l s .  

What  abou t  m o r e  g l a m o u r o u s  e v e n t s  in  the f u t u r e ?  Wel l ,  y o u ' v e  
got l u n a r  and p l a n e t a r y  e x p l o r a t i o n s  c o m i n g  a long .  This  looks  v e r y  
e x c i t i n g .  U n q u e s t i o n a b l y ,  s o m e b o d y - - w e  hope ,  o u r s e l v e s - - w i l l  have  
s o m e o n e  on the m o o n  in the next  10 y e a r s .  We wi l l  c e r t a i n l y  have  
i n s t r u m e n t s  t h e r e  m u c h  b e f o r e  th is .  The i n f l u e n c e  of l u n a r  and  
p l a n e t a r y  e x p l o r a t i o n  on the a d v a n c e  of s c i e n c e  wi l l  be v e r y  g r e a t ,  
f o r  we wi l l  be ab le  to d e a l  wi th  o t h e r  p l ane t s  w h i c h  a r e  v e r y  d i f f e r e n t  
f r o m  o u r  own. F r o m  the k n o w l e d g e  that  we a c q u i r e  f r o m  t h e s e  
b o d i e s  i t  w i l l  be p o s s i b l e  to e x t r a p o l a t e  b a c k  to o u r  own h i s t o r y  and  
s i t u a t i o n  and  l e a r n  m u c h  m o r e  abou t  o u r  own e a r t h .  C e r t a i n l y ,  when  
we get  to the  p l a n e t s ,  we wi l l  dea l  wi th  b o d i e s  wh ich  have  d i f f e r e n t  
a t m o s p h e r e s ,  d i f f e r e n t  e c o l o g y ,  and  p o s s i b l y  d i f f e r e n t  f o r m s  of l i fe .  

In c l o s i n g  I wou ld  r e m i n d  you  that  e v e r y  s c i e n t i f i c  a d v a n c e  b r i n g s  
us g r e a t  a d v a n t a g e ,  but a l s o  b r i n g s  c o n c u r r e n t  p r o b l e m s .  If we get  
h e a l t h  f r o m  m o d e r n  m e d i c i n e  we get  a popu la t i on  e x p l o s i o n  that  we 
m u s t  dea l  wi th  in a new way ,  If we get  p l en ty  f r o m  ou r  so l id  i n d u s t r y  
we a c q u i r e  the h a t r e d  and  the envy  of the u n d e r d e v e l o p e d  a r e a s  of the 
w o r l d .  So tha t  e a c h  s t ep  f o r w a r d  in s c i e n c e  and  i t s  a p p l i c a t i o n  in 
t e c h n o l o g y w i l l  g ive us p r o b l e m s .  S o m e t i m e s  peop le  q u e s t i o n  w h e t h e r  
s c i e n c e  shou ld  be s t opped  b e c a u s e  of t h e s e  p r o b l e m s  tha t  i t  b r i n g s .  
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But  I think that  we a l l  have  f a i th  that  m a n  has  the a b i l i t y  to take  
a d v a n t a g e  "of the a d v a n c e s  tha t  s c i e n c e  b r i n g s  and  to d e a l  wi th  the 
p r o b l e m s  tha t  e m e r g e  as  a c o n s e q u e n c e  of t h e s e  a d v a n c e s .  

We  c a n ' t  f o r g e t  tha t  we l ive  in a d y n a m i c  c i v i l i z a t i o n .  Th i s  
c i v i l i z a t i o n  has  a l w a y s  gone f o r w a r d ,  and  we m u s t  be p r e p a r e d  to 
take a d v a n t a g e  of the o p p o r t u n i t y  that  s c i e n c e  o f f e r s  and  to d e a l  
wi th  the p r o b l e m s  that  a r e  p o s e d  by this  o p p o r t u n i t y .  

Thank  you  v e r y  m u c h .  

C O L O N E L  PRODANOVICH:  Dr .  B e r k n e r  is  r e a d y  f o r  y o u r  q u e s -  
t ions .  

QUESTION: R e f e r r i n g  to the s c a t t e r e d  s c i e n t i f i c  a c t i v i t i e s  w i t h i n  
the G o v e r n m e n t  now and  the s p a c e  p r o j e c t s  of NASA and  the DOD, I 
r e a d  w h e r e  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  go ing  to 
be a b a n d o n e d ,  I s u p p o s e  by the 20th of J a n u a r y .  My q u e s t i o n  i s :  
Wha t  is  the ou t look  fo r  G o v e r n m e n t  l e a d e r s h i p  in  a d v a n c i n g  s c i e n c e  
in  the next  fou r  y e a r s  ? 

DR. B E R K N E R :  You a r e  a s k i n g  m e  to p e e r  in to  the m i n d  of 
S e n a t o r  K e n n e d y .  I f e e l  tha t  I a m  not  qua l i f i ed  to do th i s .  But  l e t  
m e  m a k e  the f o l l o w i n g  c o m m e n t s :  I wou ld  doubt  tha t  the Off ice  of the 
S c i e n c e  A d v i s e r  to the P r e s i d e n t ,  o r  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 ,  wou ld  be a b a n d o n e d .  This  has  p r o v e n  so  s u c c e s s f u l  in  
a d v a n c i n g  s o m e  of the n e g l e c t e d  a s p e c t s  of s c i e n c e  both in the m i l i t a r y  
and  in the c i v i l i a n  a r e a  tha t  I b e l i e v e  that  not  j u s t  s c i e n t i s t s  but the 
c o u n t r y  as  a whole  wou ld  r a i s e  a s u f f i c i e n t  f u s s  to i n s u r e  the c o n t i n u -  
a n c e  of a m e c h a n i s m  at  l e a s t  s i m i l a r  to th i s .  

S ince  spu tn ik  t h e r e  h a v e  b e e n  s e v e r a l  m e a s u r e s  t a k e n  in  G o v e r n -  
m e n t  r e l a t i n g  to s c i e n c e  tha t  have  b e e n  i m p o r t a n t  o n e s .  T h e s e  in -  
c lude  the a p p o i n t m e n t  of the S c i e n c e A d v i s e r  to the P r e s i d e n t ,  the 
b r i n g i n g  of s c i e n c e  in  a t  the po l i cy  l e v e l  of top G o v e r n m e n t  a d m i n i s -  
t r a t i o n - - t h e  S c i e n c e  A d v i s o r y  C o m m i t t e e - - w h i c h  p r o v i d e s  a f o r u m  
f o r  deba t e  on s o m e  of the d i f f i c u l t i e s  of the k inds  w h i c h  I m e n t i o n e d  
h e r e ,  and  the F e d e r a l  C o u n c i l  on S c i e n c e  and  T e c h n o l o g y .  The 
F e d e r a l  C o u n c i l  ha s  no t  r e a l l y  y e t  had  the o p p o r t u n i t y  to o p e r a t e  
e f f e c t i v e l y .  But  i t  p r o v i d e s  the m e c h a n i s m  f o r  the c o o r d i n a t i o n  of 
s c i e n t i f i c  e f fo r t  a m o n g  the v a r i o u s  a g e n c i e s  of the G o v e r n m e n t .  
A l r e a d y  i t  ha s  l ed  to the a p p o i n t m e n t  of A s s i s t a n t  S e c r e t a r i e s  f o r  
R e s e a r c h  and  D e v e l o p m e n t  of C o m m e r c e  and  I n t e r i o r  wh ich  is  
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c e r t a i n l y  a s t e p  f o r w a r d  in t h e s e  s o m e w h a t  d e c r e p i t  d e p a r t m e n t s .  
And we have  the r e p l a c e m e n t ,  a f t e r  a long  h i a t u s ,  of the S c i e n c e  
A t t a c h e s  in  o u r  e m b a s s i e s  a b r o a d .  

All of these steps have been important steps in improving Govern- 
ment relations to science and Government attitudes toward science. 
Certainly, additional steps will be needed. I think that one difficulty 
that I mentioned, the inability of the scattered Government service 
agencies to get money for research which has led them into a rela- 
tively obsolescent situation, simply must be met. I believe it will be 
met, probably during the next four years. Whether the Administra- 
tion may recognize this at the start or not, various forces will bring 
their attention to these deficiencies. 

QUESTION: You t ouched  on a q u e s t i o n  tha t  h a s  b o t h e r e d  m e ,  
s i r ,  in  the c l o s i n g  m o m e n t s  of y o u r  ta lk  when  you  s t a t e d  that  we m u s t  
have  f a i th  in  o u r  ab i l i t y  to l ive  in  the e n v i r o n m e n t  that  s c i e n c e  i s  un-  
doub ted ly  go ing  to give us in  the c o m i n g  y e a r s .  I t  s e e m s  to m e  tha t  
th is  wi l l  be m o r e  than  wha t  we m e e t  now.  When  you  take  o u r  s e v e n  
a s t r o n a u t s  who we know a r e  go ing  to have  to l ive  in  an  e n t i r e l y  new 
a t m o s p h e r e ,  we have  b e e n  s p e n d i n g  qui te  a few y e a r s  t r y i n g  to a d a p t  
t h e m  to i t .  Would  you  p h i l o s o p h i z e  a l i t t l e  bi t  on wha t  you  th ink  we 
shou ld  be do ing  today  to p r e p a r e  o u r  c o m i n g  g e n e r a t i o n  to l ive  in  this  
w o r l d  tha t  i s  go ing  to be h e r e  w h e t h e r  they  l ike  i t  o r  no t?  

DR. B E R K N E R :  O n e  c a n ' t  deny  wha t  you  s a y ,  n a m e l y ,  tha t  
th ings  a r e  m o v i n g  e v e r  f a s t e r .  The q u e s t i o n  is  w h e t h e r  we c a n  d e a l  
wi th  a d y n a m i c  c i v i l i z a t i o n  that  is  not  only  r i s i n g  but r i s i n g  e v e r  
f a s t e r .  Look ing  in to  the h i s t o r y  of th is  m a t t e r ,  I b e l i e v e  I m e n t i o n e d  
in m y  l a s t  l e c t u r e  b e f o r e  this  C o l l e g e  tha t  the h i s t o r y  of c i v i l i z a t i o n  
is  r e a l l y  v e r y  s h o r t .  I t  d a t e s  b a c k  to the b e g i n n i n g  of w r i t i n g ,  w h i c h  
w a s  about  5500 B . C .  w h e n  the S u m e r i a n s  f i r s t  h a c k e d  out t h e i r  e a r l y  
t a b l e t s  on w h i c h  s y m b o l i c  c h a r a c t e r s  r e p r e s e n t e d  i d e a s .  S ince  th is  
i n v e n t i o n  of w r i t i n g ,  w h i c h  w a s  abou t  7 , 0 0 0  y e a r s  ago,  we have  
a r r i v e d  a t  o u r  p r e s e n t  poin t .  If  you  take  the l eng th  of a m a n ' s  l i fe  
as  t h r e e  s c o r e  and  s e v e n  and  d iv ide  i t  in to  7 ,000 ,  you  f ind  tha t  c i v i l i z a -  
t ion  is  on ly  100 l i f e t i m e s  long  p l a c e d  end  to end ,  and th is  i s n ' t  v e r y  
long.  

This illustrates the dynamic character of the rise in civilization 
from savagery to our relatively high level--whereby man has acquired 
leisure and dignity, and slavery has been abolished--all in just 100 
lifetimes. So I would emphasize first of all that every generation has 
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f a c e d  a v e r y  dyn~r~ic  c i v i l i z a t i o n  s i n c e  h i s t o r y  begar~. W r i t i n g  
s t a r t e d  o u r  c i v i l i z a t i o n  a n d  e a c h  g e n e r a t i o n  s i n c e  h a s  had  to f a c e  
v e r y  i m p o r t a n t  a d v a n c e s .  

F u r t h e r m o r e ,  e a c h  g e n e r a t i o n ,  e a c h  l i f e t i m e ,  h a s  h a d  to c o n -  
t r i b t l t e  v e r y  s u b s t a n t i a l l y  to the g r o w t h  of c i v i l i z a t i o n  to h a v e  a r r i v e d  
w h e r e  we a r e  now. So tha t ,  wh i l e  o u r  c i v i l i z a t i o n  c o n t i n u e s  to r i s e  
v e r y  r a p i d l y ,  one m u s t n ' t  s u p p o s e  tha t  i t  s t o o d  s t i l l  in  the  p a s t .  The  
w h o l e  h i s t o r y  of c i v i l i z a t i o n  i s  a d y n a m i c  one  in  w h i c h  e a c h  g e n e r a t i o n  
h a s  i t s  r e s p o n s i b i l i t i e s  f o r  c o n t r i b u t i o n s  bo th  to the a d v a n c e  of c i v i l i -  
z a t i o n  and  to the  s o l u t i o n  of the p r o b l e m s  tha t  a r i s e  b e c a u s e  of t h o s e  
a d v a n c e s .  

In  one  s e n s e  one  i s  no t  l o o k i n g  a t  a c i v i l i z a t i o n  t ha t  p o s e s  p r o b -  
l e m s  m u c h  f a s t e r  t han  h a v e  e v e r  b e e n  p o s e d  b e f o r e .  P r o b l e m s  h a v e  
a l w a y s  c o m e  p r e t t y  r a p i d l y .  M o r e o v e r  I do t h i n k  tha t  m e a s u r e s  a r e  
b e i n g  t a k e n  in  o u r  e d u c a t i o n a l  p r o c e s s  to m e e t  t h i s .  A f t e r  a l l ,  i t  
m a y  t ake  a s p u t n i k  to do i t ,  bu t  I was  r a t h e r  i n t e r e s t e d  in  h e a r i n g  a 
w e l l  t r a i n e d  y o u n g  l ady  s a y  the  o t h e r  n i g h t  t ha t  in  h e r  f a m i l y  of f ive  
s h e  h a d  b e e n  ab le  to s e e  i m p r o v e m e n t s  i n  A m e r i c a n  p r i m a r y  a n d  
s e c o n d a r y  e d u c a t i o n  a s  e a c h  y o u n g s t e r  w e n t  to  s c h o o l .  E v e n  m a t h e -  
m a t i c s  i s  g e t t i n g  down to l o w e r  l e v e l s  in  the  s c h o o l s .  T h i s  m a y  no t  
be t r u e  in  e v e r y  p l a c e  bu t  t h e r e  i s  s o m e  i n d i c a t i o n  of a m o v e  in  th i s  
d i r e c t i o n .  We c e r t a i n l y  h a v e  n e g l e c t e d  e d u c a t i o n  in  s o m e  a r e a s .  I 
h a v e  j u s t  b e e n  s t u d y i n g  g r a d u a t e  e d u c a t i o n  in  the  S o u t h w e s t .  I t  t u r n s  
ou t  t ha t  the  l e a d i n g  a r e a s  of the  c o u n t r y  a r e  p r o d u c i n g  a b o u t  85 
Ph .  D . ' s  p e r  m i l l i o n  p e o p l e  p e r  y e a r .  T h i s  i s  t r u e  in  the  E a s t  a n d  
N o r t h e a s t ,  the N o r t h ,  a n d  the F a r  W e s t .  The  a v e r a g e  f o r  the  who le  
c o u n t r y  is  48 Ph .  D . ' s  p e r  m i l l i o n  p e o p l e  p e r  y e a r .  In  the S o u t h w e s t  
we a r e  p r o d u c i n g  on ly  23,  w h i c h  i s  a l i t t l e  m o r e  t han  a q u a r t e r  of 
the  n a t i o n a l  a v e r a g e .  

Why  i s  th i s  o c c u r r i n g ?  C l e a r l y  s o m e t h i n g  i s  s l i p p i n g  h e r e .  
T h i s  m a y  l e a d  to v e r y  s e r i o u s  c u l t u r a l  p r o b l e m s  in  the d e v e l o p m e n t  
of the  c o u n t r y  as  a w h o l e .  B u t  l e t  m e  s a y  i t  t h i s  way:  We h a v e  no 
a l t e r n a t i v e  but  f a i t h ,  b e c a u s e  c i v i l i z a t i o n  is  g o i n g  f o r w a r d .  T h e r e  
i s  n o t h i n g  we can  do to s t o p  i t .  C o u p l e d  w i t h  t h i s  f a i t h - - I  wi l l  a g r e e  
wi th  y o u - - w e  m u s t  p r e p a r e  o u r s e l v e s  as  r a p i d l y  a s  we can .  We 
m u s t  n e v e r  t h r o w  up  o u r  h a n d s  h o p e l e s s l y .  

Q U E S T I O N :  S i r ,  I w o u l d  l ike  to h a v e  y o u  de f ine  wha t  you  m e a n  
by a n u c l e a r  w a r  w h i c h  m a y  be the end  of c i v i l i z a t i o n  a s  we know i t .  
We h e a r  th i s  p h r a s e  v e r y  o f t e n  and  I wou ld  l i ke  to know w h a t  you  
m e a n  by i t .  Do y o u  m e a n  tha t  we wi l l  be s e t  b a c k  100 y e a r s ,  t ha t  
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p e o p l e  would  be d e s t r o y e d ,  that  we w i l l  l o se  o u r  p r e s e n t  f o r m  of 
g o v e r n m e n t ?  Or  wha t  do you  m e a n ?  

DR. B E R K N E R :  I a m  not  m u c h  w o r r i e d  abou t  d e s t r o y i n g  peop le  
e x c e p t  fo r  a r e l a t i v e l y  few peop le  who have  the c o r e  of o u r  k n o w l e d g e  
today.  I s u s p e c t  tha t  if you  w e r e  to l o s e  the c r e a m  of y o u r  l e a d e r s - -  
y o u r  l e a d e r s  in  s c i e n c e ,  y o u r  l e a d e r s  in  g o v e r n m e n t ,  e t  c e t e r a - - w h o  
a r e  o b v i o u s l y  in  the m o s t  e x p o s e d  p o s i t i o n s  in a n u c l e a r  w a r ,  you  
wou ld  s e t  c i v i l i z a t i o n  back  s e v e r a l  t h o u s a n d  y e a r s .  We do not  now 
have  m a n y  s c i e n t i s t s  in  this  c o u n t r y  o r  in H u s s i a - - a n d  I s p e a k  of 
s c i e n c e  b e c a u s e  I know i t ,  ( a n d  I th ink  the s a m e  is  t r ue  of g o v e r n -  
m e n t ,  and  of m i l i t a r y  s c i e n c e }  who r e a l l y  u n d e r s t a n d  s c i e n c e  to the 
c o r e .  You w o u l d n ' t  have  to d e s t r o y  v e r y  m a n y  of t h e m  b e f o r e  you  
would  f ind a popu la t i on  who no l o n g e r  cou ld  m a k e  use  of the too l s  tha t  
we now have  a t  hand .  

The r e a l  d a n g e r  i s  of w ip ing  out the m o r e  c r i t i c a l  g r o u p  of y o u r  
popu la t ion  who n e c e s s a r i l y  a r e  in  the m o s t  e x p o s e d  p o s i t i o n s .  

QUESTION: E a r l y  in  y o u r  ta lk  you  spoke  about  the a d v a n t a g e  of 
the w o r k  in  u n i v e r s i t i e s  on c r o s s - f e r t i l i z a t i o n  b e t w e e n  the d i s c i p l i n e s ,  
and  then  l a t e r  on you  spoke  of the gaps  b e t w e e n  those  d i s c i p l i n e s .  Do 
you  f ind tha t  t h e r e  is  any  one of t h e s e  tha t  l e n d s  i t s e l f  to b r i d g i n g  the 
g a p - - m a t h e m a t i c s ,  the p h y s i c a l  s c i e n c e s  ? You t a lked  a l i t t l e  bi t  
about  the g e n e r a l i s t s  and  the s p e c i a l i s t s ,  and the b u s i n e s s  of m a n a g -  
ing  the s c i e n c e s .  

DR. B E R K N E R :  Y e s .  On the whole  s c i e n c e  has  t e n d e d  to o v e r -  
s p e c i a l i z e .  S c i e n t i s t s  d u r i n g ,  l e t ' s  s a y ,  the l a t e  f o r t i e s  and  the 
e a r l y  f i f t i e s  had  the i d e a - - a n d  p e r h a p s  tha t  was  n e e d e d  a t  tha t  t i m e - -  
that  they  had  to fo l low one s p e c i a l t y  wi thou t  l ook ing  a n y w h e r e  e l s e .  
Bu t  t h e r e  is  a sub t l e  c h a n g e  o c c u r r i n g  a m o n g  s c i e n t i s t s  and  a m o n g  
the m e n  tha t  they  a r e  t r a i n i n g .  The n e w e r  v iew is  tha t  a r e a s o n a b l y  
good p e r s o n  can  e n c o m p a s s  a l l  of s c i e n c e .  Of c o u r s e  a s c i e n t i s t  
n e e d s  to s p e c i a l i z e  h e a v i l y  on s o m e  a r e a s ,  not  j u s t  to l e a r n  those  
a r e a s  but  a l s o  to u n d e r s t a n d  wha t  s p e c i a l i z a t i o n  m e a n s ,  tha t  i s ,  to 
r e a l l y  e x h a u s t  the s u b j e c t  c o m p l e t e l y .  N e v e r t h e l e s s ,  the m o d e r n  
s c i e n t i s t  in  the f i e l d  of p h y s i c s  c a n n o t  i g n o r e  b io logy;  he c a n n o t  
i g n o r e  t h e o r e t i c a l  m a t h e m a t i c s ;  and  he  canno t  i g n o r e  o t h e r  f i e l d s  of 
s c i e n c e .  The m o d e r n  s c i e n t i s t  I th ink  i s  t end ing  t o w a r d  t r y i n g  to 
e n c o m p a s s  wi th  f a i r  f a m i l i a r i t y  the who le  body  of s c i e n c e ,  a s  c o n -  
t r a s t e d  wi th  the s p e c i a l i s t  of old.  

23 



But this  is  a s low p r o c e s s ,  and w h e n  you  h a v e  to c o n v e y  th is  
a t t i t ude  to s t u d e n t s  f r o m  p r o f e s s o r s  who have  o v e r s p e c i a l i z e d  in  the 
pas t  i t  is  a v e r y  d i f f i cu l t  th ing to do. C o n s e q u e n t l y  i t  wi l l  take  a long 
t i m e  to a c c o m p l i s h  this  end.  T h e r e f o r e ,  whi le  the u n i v e r s i t y  o f f e r s  
o p p o r t u n i t y  fo r  c r o s s - f e r t i l i z a t i o n  t h e r e  r e m a i n  s o m e  v e r y  s e r i o u s  
c r a c k s .  The t e n d e n c y  now is  to o r g a n i z e  r e s e a r c h  a c r o s s  the u n i v e r -  
s i t y  d e p a r t m e n t a l  s t r u c t u r e ,  l e t ' s  s a y  a l a b o r a t o r y  on m o l e c u l a r  
s c i e n c e ,  in wh ich  you  m i x  t o g e t h e r  c r y s t a l o g r a p h e r s ,  b i o l o g i s t s ,  
m a t h e m a t i c i a n s ,  p h y s i c i s t s ,  c h e m i s t s ,  and  so  on, in  o r d e r  to e x p e -  
di te  th is  c r o s s - f e r t i l i z a t i o n .  

C a r l  C o m p t o n  s a i d  in  h is  l e c t u r e  at  the s e s q u i c e n t e n n i a l  c e l e b r a -  
t ion  of M. I. T . ,  tha t  w i thou t  doubt  the g r e a t  s c i e n t i f i c  a d v a n c e s  in  the 
l a s t  ha l f  of the 20th c e n t u r y  would  c o m e  f r o m  the s y n t h e s i s  of the s c i e n c e s .  

QUESTION: D o c t o r ,  you t a lked  about  the i n d u s t r i a l  l a b o r a t o r i e s .  
I p r e s u m e  you a l s o  i n c l u d e  those  on oi l  p r o c e s s i n g ,  s u c h  as  l a b o r a -  
t o r i e s  l ike  She l l ,  the Oil  I n s t i t u t e ,  and so  fo r t h .  They  h a n d l e  p r o b l e m s  
of i n d u s t r y ,  of, l e t ' s  s ay ,  m o r e  m i d d l e - s i z e  and  l a r g e r  i n d u s t r i e s .  But  
the l i t t l e  m a n  h a s  p r o b l e m s  and  he d o e s n ' t  know how to t e l l  the l a b o r a -  
t o r y  tha t  he has  p r o b l e m s .  I a m  p a r t i c u l a r l y  a w a r e  of one r e s e a r c h e r  
in  N o r t h  C a r o l i n a  who is  t r y i n g  to get  the l i t t l e  m a n  i n t e r e s t e d  in  h a v -  
ing  a l ink  wi th  i n d u s t r y  and  the c o l l e g e s .  Could  you ta lk  on that  a 
l i t t l e  bi t ,  and  on how this  w i l l  g row and  how we can  so lve  th is  p r o b l e m ?  

DR. B E R K N E R :  I t  is  a v e r y  s e r i o u s  p r o b l e m .  I t  is  one w h i c h  
p r o b a b l y  d a m a g e s  s m a l l  i n d u s t r y  m o r e  than any  o t h e r .  B ig  i n d u s t r y  
f inds  i t  v e r y  e a s y  to s p e n d  $20 o r  $30 m i l l i o n  a y e a r  on i t s  l a b o r a t o r i e s ,  
and  has  no d i f f i cu l ty .  F u r t h e r m o r e ,  a l a b o r a t o r y  i s n ' t  m u c h  good un-  
l e s s  you s p e n d  $20 o r  $30 m i l l i o n  a y e a r  on it ,  b e c a u s e  you  don ' t  get  
enough  r a n g e  of a c t i v i t y  to m a k e  i t  a r e a l l y  good l a b o r a t o r y .  So t h e r e  
is  a c r i t i c a l  s i z e  to a l a b o r a t o r y ,  and  i t ' s  a l a b o r a t o r y  that  c o s t s  abou t  
$20 o r  $30 m i l l i o n  a y e a r .  Quite  c l e a r l y ,  a b u s i n e s s  do ing  only  $2 o r  
$3 m i l l i o n  a y e a r  c a n ' t  a f fo rd  a l a b o r a t o r y  l ike  th i s .  

The q u e s t i o n  i s - - H o w  do they get  t h e i r  r e s e a r c h  done ,  Hew do 
they  get  t h e i r  a c c e s s  to s c i e n c e  ? T h e r e  a r e  a n u m b e r  of good l a b o r a -  
t o r i e s - - t h e  B a t t e l l e ,  the M e l l o n - - w h i c h  can  s e r v e  s u c h  i n d u s t r i e s .  
Some  of the o l d e r  ones  have  not  b e e n  too s u c c e s s f u l .  M o r e  r e c e n t l y  
the S t an fo rd  R e s e a r c h  I n s t i t u t e  has  b e e n  o r g a n i z e d .  This  p r o v i d e s  a l l  
s o r t s  of s e r v i c e  to s m a l l  i n d u s t r i e s ,  p a r t i c u l a r l y  in  the $2 to $4 m i l -  
l i on  c l a s s .  I would  a n t i c i p a t e  tha t  m o r e  of this  k ind  of a c t i v i t y  m u s t  
be done .  
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Such r e s e a r c h  is  m u c h  b e t t e r  done  u n d e r  p r i v a t e  i n d u s t r y  than 
u n d e r  G o v e r n m e n t .  If you  s r e  a p r i v a t e  i n d u s t r y ,  you  can  h i r e  
S t a n f o r d  R e s e a r c h  to do a job f o r  you ,  and if t hey  pa ten t  s o m e t h i n g  
u n d e r  y o u r  m o n e y  i t  i s  y o u r  pa ten t .  If you  have  to depend  on the 
G o v e r n m e n t  f o r  i t ,  i t  i s  d e c l a r e d  in  the publ ic  d o m a i n ,  and  t h e r e f o r e  
you  p r o b a b l y  c o u l d n ' t  a f f o r d  to m a n u f a c t u r e  i t  b e c a u s e  of the c o m p e t i -  
t ion  d u r i n g  the e a r l y  s t a ~  of c a p i t a l i z a t i o n .  So on the whole  the 
i n d u s t r i a l  m e t h o d  wi l l  p r o b a b l y  be m o r e  s u c c e s s f u l  than  the g o v e r n -  
m e n t a l  m e t h o d  in  this  a r e a .  

QUESTION: My ques t i on ,  D o c t o r ,  r e l a t e s  to the p r o d u c t i o n  of 
Ph.  D . ' s .  S o m e  w e e k s  ago a s p e a k e r  a s s e r t e d  f r o m  this  p l a t f o r m  that  
the c r e a m  of the c r o p  in  the s c i e n t i f i c  f i e ld  of the young  g r a d u a t e  l e v e l  
w a s  be ing  s k i m m e d  off f o r  P h . D .  w o r k  and  the M. D. ' s  fo r  the m e d i c a l  
p r o f e s s i o n  w e r e  s e c o n d - p l a c e  m a t e r i a l .  Would  you c a r e  to c o m m e n t  
on that  a s s e r t i o n ?  

DR. B E R K N E R :  Wel l ,  you  a r e  a s s u m i n g ,  I s u p p o s e ,  that  the 
c r e a m  ought  to be M. D. ' s .  The f ac t  is  that  the c r e a m  is  by no m e a n s  
be ing  s k i m m e d  at  the m o m e n t .  In the n u m b e r  that  I j u s t  gave  you  
w e r e  85 P h . D .  :s in the N o r t h e a s t ,  the N o r t h ,  the F a r  W e s t ,  Th i s  i s  
p e r h a p s  v e r y  c u r i o u s  tha t  e v e r y  Sta te  in the N o r t h ,  N o r t h e a s t ,  and  
F a r  W e s t  p r o d u c e s  b e t w e e n  80 and 85 Ph .  D . ' s  p e r  m i l l i o n  people  p e r  
y e a r ,  e x c e p t i n g  M a s s a c h u s e t t s ,  wi th  127 (I s u p p o s e  b e c a u s e  of H a r v a r d  
and M. I. T. ~ and P e n n s y l v a n i a  with  only  43. 

Then  you  go down in  the South and the S o u t h w e s t  and you  get  the 
a v e r a g e s  w h i c h  b r i n g  the n a t i o n a l  a v e r a g e  down to 48. Qui te  c l e a r l y ,  
in  t h e s e  a r e a s  you  a r e  n e g l e c t i n g  a lo t  of peop le  who o b v i o u s l y  m u s t  
have  the c a p a b i l i t y  to do P h . D .  w o r k  but don ' t  do i t  b e c a u s e  they  
d o n ' t  have  the o p p o r t u n i t y .  You m a y  say  that  the s o u t h e r n e r s  go up 
N o r t h  to get  t h e i r  d e g r e e s ,  but  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  
f i g u r e s  show that  92 p e r c e n t  of a l l  g r a d u a t e s  who go to g r a d u a t e  
s c h o o l s  go to s c h o o l s  w i th in  500 m i l e s  of t h e i r  o r i g i n a l  h igh s c h o o l s .  
So the f a c t  is  tha t ,  wh i l e  a few ~ ,ou the rne r s  do go to the N o r t h  to get  
t h e i r  a d v a n c e d  d e g r e e s ,  not  m a n y  of t h e m  do. So t h e r e  m u s t  be a 
v e r y  l a r g e  c r o p  h e r e  of m e n  who a r e  i n t e l l e c t u a l l y  qua l i f i ed  to do 
d o c t o r a l  w o r k  but  d o n ' t  do i t .  Maybe  you  cou ld  ge t  s o m e  of the M. D. ' s  
f r o m  this  a r e a .  

M o r e o v e r ,  I would  s u s p e c t  tha t  we a r e  a long  way f r o m  h a v i n g  
s k i m m e d  the who le  c r e a m  off the top. We a r e  p r o b a b l y  a long  way  
f r o m  th is ,  and I s u s p e c t  tha t  we cou ld  double  o r  t r e b l e  o u r  d o c t o r a l  
t r a i n i n g  wi thou t  any  d i f f i cu l ty .  
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C O L O N E L  PRODANOVICH:  Dr .  B e r k n e r ,  thank  you  v e r y  m u c h  
f o r  a v e r y  f ine  and i n f o r m a t i v e  p r e s e n t a t i o n .  We have  c e r t a i n l y  
en joyed  h.aving you wi th  us today.  

DR. B E R K N E R :  Thank  you v e r y  much .  

(19 J u l y  1961- -5 ,  O 0 0 ) O / e n : m r  
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