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M r .  J o h n  C a r l t o n  W a r d ,  J r . ,  P r e s i d e n t ,  V i t r o  C o r p o r a t i o n ,  w a s  
b o r n  in B r o o k l y n ,  N. Y . ,  l J a n u a r y  1893. He a t t e n d e d  C o r n e l l  Un i -  
v e r s i t y ,  r e c e i v i n g  the M . E .  d e g r e e  in 1914. He w a s  a p p o i n t e d  to the 
p o s i t i o n  of d e v e l o p m e n t  e n g i n e e r ,  I n t e r n a t i o n a l  P a p e r  C o m p a n y ,  1914; 
b e c a m e  a s s i s t a n t  to the w o r k s  m a n a g e r ,  N i l e s  Too l  W o r k s  D i v i s i o n ,  
N i l e s - B e m e n t - P o n d  C o m p a n y  in  1915. In 1918 he  w a s  a p p o i n t e d  p r o d u c -  
t ion  e n g i n e e r ,  Un i t ed  S ta t e s  O r d n a n c e  D e p a r t m e n t ,  W a t e r v l i e t  A r s e n a l .  
In 1919 M r .  W a r d  b e c a m e  w o r k s  m a n a g e r ,  P r a t t  and W h i t n e y  D i v i s i o n ,  
N i l e s - B e m e n t - P o n d  C o m p a n y .  In 1926 he  w a s  a p p o i n t e d  v i c e  p r e s i d e n t  
and g e n e r a l  m a n a g e r  of the H a r t f o r d  M a c h i n e  S c r e w  C o m p a n y .  D u r i n g  
the p e r i o d  1929-34,  he  w a s  g e n e r a l  w o r k s  m a n a g e r  of the G e n e r a l  C a b l e  
C o r p o r a t i o n ;  w a s  n a m e d  v i c e  p r e s i d e n t  of the R o m e  C o m p a n y ,  I n c . ,  in  
1934; s e r v e d  as v i c e  p r e s i d e n t ,  g e n e r a l  m a n a g e r ,  and  d i r e c t o r  of the 
P r a t t  and Whi tney  A i r c r a f t  D i v i s i o n ,  U n i t e d  A i r c r a f t  C o r p o r a t i o n  f r o m  
1935 to 1940; b e c a m e  p r e s i d e n t  of the F a i r c h i l d  E n g i n e  and  A i r p l a n e  
C o r p o r a t i o n ,  1940; and  in the p e r i o d  1948-49 s e r v e d  as  c h a i r m a n  of the 
b o a r d  of tha t  c o r p o r a t i o n .  F r o m  1950 to 1953 he  s e r v e d  as  c h a i r m a n  
of the b o a r d  of T h o m p s o n  I n d u s t r i e s ,  Inc .  He is  d i r e c t o r  of S t a n r o c k  
U r a n i u m  M i n e s  L t d . ,  the A e r o n a u t i c a l  C h a m b e r  of C o m m e r c e ,  the A i r -  
c r a f t  I n d u s t r i e s  A s s o c i a t i o n ,  the A t o m i c  I n d u s t r i a l  F o r u m ,  and  the 
C o r n e l l  A e r o n a u t i c a l  L a b o r a t o r y ,  and  is  a f o r m e r  t r u s t e e  of C o r n e l l  
U n i v e r s i t y .  He is  a l s o  on the S e c r e t a r y  of the N a v y ' s  A d v i s o r y  B o a r d  
on S c i e n t i f i c  E d u c a t i o n .  In 1940 he w a s  ch i e f  of the a d v i s o r y  m i s s i o n  to 
the F r e n c h  G o v e r n m e n t  on p r o d u c t i o n  of a i r c r a f t  e n g i n e s  and  in  1942 w a s  
a p p o i n t e d  m e m b e r  of the W a r  P r o d u c t i o n  B o a r d  M i s s i o n  to G r e a t  B r i t a i n .  
Mr .  W a r d  i s  a m e m b e r  of m a n y  s c i e n t i f i c  and  e n g i n e e r i n g  s o c i e t i e s  and 
a s s o c i a t i o n s  and has  w r i t t e n  m a n y  p a p e r s  and a r t i c l e s  on t e c h n i c a l  
e n g i n e e r i n g  s u b j e c t s .  He is  C h a i r m a n  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  C o l l e g e  of the A r m e d  F o r c e s  and h a s  p a r t i c i p a t e d  in the 
I n d u s t r i a l  C o l l e g e  l e c t u r e  p r o g r a m  s i n c e  1946. 
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G E N E R A L  M U N D Y :  G e n e r a l  H a r r o l d ,  G e n t l e m e n  of  t h e  N a t i o n a l  
W a r  C o l l e g e  a n d  the  I n d u s t r i a l  C o l l e g e :  O u r  s u b j e c t  t h i s  m o r n i n g  i s  
" S c i e n c e  a n d  T e c h n o l o g y  a s  E l e m e n t s  of  N a t i o n a l  P o w e r .  " 

A s  c i t i z e n s  we  c a n n o t  h e l p  bu t  be  d a i l y  i m p r e s s e d  w i t h  the  i m p a c t  
o f  s c i e n c e  a n d  t e c h n o l o g y  o n  o u r  d a i l y  l i v e s .  As  m e m b e r s  o f  the  A r m e d  
F o r c e s  w e  a r e  e v e n  m o r e  i m p r e s s e d  w i t h  t h e i r  i m p a c t  o n  o u r  w e a p o n  
s y s t e m s .  S c i e n c e  a n d  t e c h n o l o g y  b e a r  m u c h  the  s a m e  r e l a t i o n s h i p  to 
e a c h  o t h e r  a s  do  the  c h i c k e n  a n d  t h e  e g g ;  bu t ,  w h i c h e v e r  c o m e s  f i r s t ,  
b o t h  a r e  e s s e n t i a l  i n  the  d e v e l o p m e n t  of  a n  i n d u s t r i a l  s o c i e t y .  In  f a c t ,  
t h e  s c i e n t i f i c  s t a t u r e  of  a n a t i o n  t o d a y  i s  a l m o s t  a d i r e c t  m e a s u r e m e n t  
o f  t h a t  n a t i o n ' s  i n f l u e n c e  in  i n t e r n a t i o n a l  a f f a i r s .  

I t  i s  t h e  p u r p o s e  of  t he  l e c t u r e  t h i s  m o r n i n g  to e x p l o r e  t h e s e  a r e a s  
a n d  to a s s e s s  t he  s c i e n t i f i c  a n d  t e c h n o l o g i c a l  s t a t u s  o f  o u r  N a t i o n .  

N o w ,  o u r  s p e a k e r  t o d a y  i s  no  s t r a n g e r  to t h e s e  two  c o l l e g e s .  T o  
t h e  c o n t r a r y ,  h e  h a s  p r o v e d  h i m s e l f  a v e r y  g o o d  f r i e n d  of t h e s e  two  
c o l l e g e s  a n d  a l s o  of  the  s e r v i c e s  a s  w e l l .  He  i s  i n  d e m a n d  e a c h  y e a r  
a s  a s p e a k e r  a t  t h e  s e r v i c e  w a r  c o l l e g e s  in  a d d i t i o n  to t h e s e  two  c o l l e g e s .  
A l s o  h e ' s  b e e n  a m e m b e r  of  t he  B o a r d  of  A d v i s e r s  of  t he  I n d u s t r i a l  
C o l l e g e  s i n c e  1945,  a n d  t h i s  y e a r  h e  i s  o u r  C h a i r m a n  of  the  B o a r d .  

F r o m  h i s  b i o g r a p h y  I ' m  s u r e  t h a t  y o u  a r e  a w a r e  of  h i s  b a c k g r o u n d  
a n d  h i s  k n o w l e d g e  t h a t  h e  i s  b r i n g i n g  to u s  t o d a y .  

I t ' s  a n  h o n o r  a n d  a p r i v i l e g e  to  i n t r o d u c e  to t h i s  a u d i e n c e  M r .  
J .  C a r l t o n  W a r d ,  J r . ,  t h e  p r e s i d e n t  o f  V i t r o  C o r p o r a t i o n  of  A m e r i c a .  

M R .  W A R D :  G e n e r a l  M u n d y ,  G e n e r a l  H a r r o l d ,  G e n t l e m e n :  

T h e  g e n e r a l  h a s  d e f i n e d  m y  p u r p o s e  v e r y  w e l l .  Of  c o u r s e  I g e t  a 
v e r y  w e l l - d e f i n e d  s c o p e  a s  a b i t  o f  i n s t r u c t i o n  b e f o r e  c o m i n g  b e f o r e  y o u ;  
a n d  i f  t h i s  i s n ' t  e n o u g h  to f r i g h t e n  a m a n  o u t  of h i s  w i t s ,  I d o n ' t  k n o w  
w h a t  w o u l d .  A l s o ,  I ' v e  b e e n  r e v i e w i n g  t h e  w o r k  y o u  a r e  s u p p o s e d  to 
h a v e  h a d  u p  to n o w  i n  e a c h  c o l l e g e .  I t  s e e m s  to m e  i t  c o n v e r g e s  v e r y  
n a t u r a l l y  a t  t h i s  p o i n t  o n  the  p r o b l e m  we  h a v e  to e x p l o r e  t o d a y .  



Thus  w e ' r e  t r y i n g  to a p p r a i s e  f o r  o u r s e l v e s  today  the c o n s i d e r a t i o  
of one of o u r  m o s t  f u n d a m e n t a l  p r o b l e m s .  In  o u r  p r e s e n t  day  c o n f l i c t  
wi th  c o m m u n i s m ,  the s c i e n t i f i c  c o m p e t i t i o n  h a s  c e r t a i n l y  b e e n  e m p h a -  
s i z e d  and  i s  a p p a r e n t  to e v e r y o n e .  In  a g r o u p  y e s t e r d a y  I w a s  g r i l l e d  
by f ive  w o m e n  on the s i g n i f i c a n c e  of the l a u n c h i n g  of the new " P i o n e e r '  
and  I w a s  a m a z e d  a t  t h e i r  depth  of i n t e r e s t  and at  t h e i r  q u e s t i o n s .  Ths 
m a y  p r o b a b l y  be t y p i c a l  of the g e n e r a l  i n t e r e s t  by the pub l i c  in  s u c h  
q u e s t i o n s  a t  this  t i m e .  

In a s s e s s i n g  o u r  p r o b l e m s  in a m o r e  f a c t u a l  w a y  f o r  us  h e r e ,  I wo 
l i ke  to p r e s e n t  a s e r i e s  of exh ib i t s ,  and  f r o m  t h e m  have  you  f o r m  soml  
c o n c l u s i o n s  of y o u r  own. I hope  a t  the c o n c l u s i o n  of th i s  a d d r e s s  that  : 
w i l l  have  s o m e  s p e c i f i c  quan t i t a t i ve  b a c k g r o u n d  f r o m  w h i c h  to f o r m  yo~ 
own c o n c l u s i o n s  and to c o m p a r e  o u r  s i t u a t i o n  in  th is  c o u n t r y  wi th  o u r  
a l l i e s  and  wi th  o u r  e n e m i e s .  

P e r h a p s  we ought  to s t a r t  by de f in ing  wha t  we m e a n  by s c i e n c e .  I 
think it  w a s  L o r d  K e l v i n  who sa id ,  "If you  c a n ' t  m e a s u r e  i t ,  i t  i s n ' t  
s c i e n t i f i c .  " Th i s  i s  m u c h  m o r e  f u n d a m e n t a l  than  it  s e e m s ,  b e c a u s e  
h a v e ,  fo r  e d u c a t i o n a l  r e a s o n s  and  a d m i n i s t r a t i v e  p u r p o s e s  in the co l -  
l e g e s ,  a d d e d  the s o - c a l l e d  s o c i a l  s c i e n c e s  and m a n y  o t h e r  s o - c a l l e d  
s c i e n c e s .  T h e s e  h o w e v e r ,  a r e  not  r e a l  s c i e n c e s .  T h e y ' r e  q u a s i -  
s c i e n c e s .  And the r e a s o n  t h e y ' r e  not  r e a l  s c i e n c e s  i s  b e c a u s e  of the 
s u b s t a n c e  of tha t  p r o f o u n d  r e m a r k  of L o r d  K e l v i n ' s .  Such  q u a s i - s c i e n  
d e a l  wi th  m a t t e r  w h i c h  canno t  be p r e c i s e l y  m e a s u r e d .  

I hope  you  w i l l  th ink  of th is  w h e n  you  a r e  d e a l i n g  wi th  s c i e n t i s t s ,  
b e c a u s e  i t  i s  th is  p e c u l i a r  qua l i ty  of p r e c i s e  m e a s u r e m e n t  that  s e t s  th~ 
a p a r t  f r o m  o t h e r s .  

The w a y  in  w h i c h  s c i e n c e  o p e r a t e s  i s  p e c u l i a r  on ly  to s c i e n c e .  It 
f i r s t  d r a w s  upon a l l  of the r e c o r d  of e x p e r i e n c e  a v a i l a b l e  to m a n  to for  
l a t e  a p r i n c i p l e .  H a v i n g  f o r m u l a t e d  a p r i n c i p l e ,  i t  s e t s  out  to p r o v e  i t  
e x p e r i m e n t a t i o n .  I t ' s  in  the r o l e  of e x p e r i m e n t a t i o n  tha t  s c i e n c e  is  
un ique ,  b e c a u s e  the e x p e r i m e n t s  can  e i t h e r  p r o v e  o r  d i s p r o v e  s u c h  pro 
jeered t h e o r i e s .  At th i s  s t a g e  they  a r e  r e a l l y  h y p o t h e s e s ,  a s  you  know,  
un t i l  the body of e x p e r i m e n t a l  p r o o f  a l l o w s  t h e m  then  to be a c c e p t e d  as 
l a w s - - l a w s  that  de f ine  the b e h a v i o r  of the m a t e r i a l s  and  the f o r c e s  of t 
u n i v e r s e .  

So, fo r  o u r  p u r p o s e s  we now h a v e  ou r  de f i n i t i on  of s c i e n c e .  Sc ie r  
i s  the k n o w l e d g e  of the b e h a v i o r  of the m a t e r i a l s  and  the f o r c e s  of the 
u n i v e r s e  as  d e d u c e d  by m a n ' s  r e a s o n i n g  and  p r o v e d  by h i s  expe r imen t~  
t ion.  
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H e r e  i s  w h e r e  the poo r  s o - c a l l e d  s o c i a l  s c i e n t i s t s  have  a r o u g h  
t i m e .  

F o r  y e a r s  t hey  d e d u c e d  and a c c e p t e d  the  law of supply  and d e m a n d .  
I t ' s  l ike  the  c a s e  of the  p o l i t i c i a n .  Caugh t  in an a r g u m e n t ,  c h a l l e n g e d  
wi th  h is  v i ew ,  he said:  "I  don' t  have  to p r o v e  tha t .  I a d m i t  i t .  " 

The  law of supply  and d e m a n d  w a s  a d m i t t e d  by m o s t  e c o n o m i s t s  un t i l  
d u r i n g  a r e c e n t  a d m i n i s t r a t i o n  of our  g o v e r n m e n t a l  a f f a i r s ,  when  for  
s o m e  p o l i t i c a l  r e a s o n s  i t  was  c o n s i d e r e d  no l o n g e r  to be t r u e .  We p r o -  
m u l g a t e d  m a n y  r e g u l a t i o n s  and l aws  w h i c h  r a n  c o n t r a r y  to the s o - c a l l e d  
law of supp ly  and d e m a n d .  It b e c a m e  u n f a s h i o n a b l e .  Now it has  s o r t  of 
b e e n  s n e a k i n g  in the  b a c k  d o o r  aga in .  I t ' s  aga in  b e e n  t a k e n  up by m a n y  
s o c i a l  s c i e n t i s t s  r a t h e r  g i n g e r l y .  A c c o r d i n g l y ,  you wi l l  h e a r  i t  m e n -  
t i oned  now in po l i te  s o c i e t y .  F o r  i n s t a n c e ,  i n  the f ie ld  of s c i e n c e  t h i s  
cou ld  not  o c c u r ,  s ay ,  to the law of g r a v i t a t i o n .  T h e r e  has  b e e n  a t e r m  
r e c e n t l y  i n t r o d u c e d  in to  our  s c i e n t i f i c  l i t e r a t u r e  ca l l ed  " a n t i g r a v i t y . "  
I ' m  s u r e  you  have  a l l  o b s e r v e d  i t .  T h e r e  a r e  s c i e n t i s t s  w o r k i n g  in the  
f i e ld  of a n t i g r a v i t y .  But  it  h a s n ' t  d i s p o s e d  of g r a v i t y  a t  a l l ;  a n d N e w t o n ' s  
l aw of g r a v i t a t i o n ,  as  a m e n d e d  u n d e r  the E i n s t e i n  r e l a t i v i t y  t h e o r y ,  i s  
s t i l l  a v e r y  r e s p e c t e d  and r e s p e c t a b l e  law.  

Such an e x a m p l e  s e r v e s  to s e p a r a t e  t h e n  ou r  t h ink ing  and a p p r o a c h  
to  the  s c i e n c e s  and the  q u a s i - s c i e n c e s  and,  of c o u r s e ,  the n o n s c i e n c e s  
o r  h u m a n i t i e s .  I t ' s  v e r y  t e m p t i n g  to get  f a r  a f i e ld  on th i s  s u b j e c t .  
P h i l o s o p h i c a l l y  it  h a s  g r e a t  dep th  and g r e a t  m e a n i n g  fo r  you ,  b e c a u s e  in 
y o u r  w o r k  you of ten r e f e r  to m i l i t a r y  s c i e n c e .  L i k e  the  s o c i a l  s c i e n c e s  
i t  is  not  a s c i e n c e .  You d o n ' t  e x p e r i m e n t  and p r o v e  l aws  in the  m i l i t a r y  
s e n s e .  I t ' s  an  a r t .  I t s  f i e ld  is  t ha t  of an a r t  b a s e d  upon a g r e a t  d e a l  of 
s c i e n t i f i c  and n o n s c i e n t i f i c  m a t e r i a l .  S i m i l a r l y  a s o c i a l  s c i e n t i s t  can  t e l l  
you  tha t  he u s e s  m a n y  of the  t e c h n i q u e s  of s c i e n c e .  And he d o e s .  

The  m a i n  too l  of the  s o c i a l  s c i e n c e s  i s  obv ious ly  s t a t i s t i c s ,  and 
y o u ' r e  go ing  to  s ee  m a n y  s t a t i s t i c s  h e r e  t o d a y .  So I m i g h t  a s  w e l l  p r e -  
p a r e  the  g r o u n d .  T h e y  s a y  a s t a t i s t i c i a n  i s  a m a n  who d r a w s  a s t r a i g h t  
l i ne  f r o m  an u n w a r r a n t e d  a s s u m p t i o n  to a f o r e g o n e  c o n c l u s i o n .  A v e r y  
d i s t i n g u i s h e d  s o c i a l  s c i e n t i s t  w r o t e  a book ,  a s e r i o u s  book .  I t ' s  t i t l e  
i s  "How to L i e  Wi th  S t a t i s t i c s . "  

You a r e  thus  b e i n g  c o n d i t i o n e d  to s e e  t h e s e  s t a t i s t i c s ,  b e c a u s e  I 
wan t  you  to  t e a r  t h e m  a l l  a p a r t .  You shou ld  r e c o g n i z e  tha t  in t h e m  
t h e r e  a r e  f l aws ,  and a s s u m p t i o n s .  N e v e r t h e l e s s ,  in m a n y  i n s t a n c e s  
t h e y ' r e  the  b e s t  f a c t s  we h a v e .  
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In  t h i s  f i e l d  o f  s t a t i s t i c s ,  f o r  i n s t a n c e ,  y o u  c a n  t a k e  l a b o r  v e r s u s  
m a n a g e m e n t  in  a s o - c a l l e d  l a b o r  a r g u m e n t .  L a b o r  w i l l  p r o v e  t h a t  i t  
h a s  no t  b e e n  r e w a r d e d  in p r o p o r t i o n  to  t h e  i m p r o v e m e n t  in  t h e  e c o n o m :  
o r  t h e  s t a n d a r d  of  l i v i n g .  T h e  m a n u f a c t u r e r s ,  on  t h e  o t h e r  s i d e ,  w i l l  
p r o v e  t h a t  l a b o r  h a s  e x a c t e d  e x o r b i t a n t  d e m a n d s  b y  i t s  p r e s s u r e s  in  
b a r g a i n i n g .  A n d  t h e y  w i l l  b o t h  u s e  b o t h  s e t s  of  s t a t i s t i c s .  A n d  b o t h  
s e t s  of  s t a t i s t i c s  w i l l  be  a r i t h m e t i c a l l y  a c c u r a t e ;  y e t  t h e y  l e a d  to  oppo-  
s i t e  c o n c l u s i o n s .  

W e l l ,  w h a t  i s  w r o n g ?  F o r  e x a m p l e  a t y p i c a l  l i t t l e  s t a t i s t i c a l  d e v i  
i s  t h i s :  o n e  c a n  m a k e  a n  a s s u m p t i o n ,  l e t  u s  s a y ,  t h a t  t h e  y e a r  s o - a n d -  
i s  " o n e , "  o r  u n i t y .  T h e n  s u b s e q u e n t l y  we  a r e  a t  s a y  " o n e  p l u s  1 5 . "  
W e l l ,  t h a t ' s  a n  o f t e n  u s e d  d e v i c e  w h e r e  t h e r e  i s  n o  s u c h  t h i n g  a s  a t ru~ 
b a s e .  Bu t  t h e  d i f f i c u l t y  w i th  i t  i s  t h a t  i f  a m a n u f a c t u r e r  p i c k s  a y e a r  i 
a d e p r e s s i o n  p e r i o d ,  s u c h  a s  t h e  one  in t h e  1 9 3 0 ' s ,  a n d  c a l l s  t h e  l a b o r  
r a t e  u n i t y  f o r  s a y ,  1933,  a n d  t h e  m a n u f a c t u r e r  i s  b a r g a i n i n g  w i t h  a uni  
h e  c a n  s h o w  t h a t  l a b o r  h a s  p r o f i t e d  e n o r m o u s l y  p e r c e n t a g e w i s e  f a r  b e -  
y o n d  t h e  g r o w t h  of  o u r  e c o n o m y ,  f a r  b e y o n d  i t s  p r o p o r t i o n a t e  s h a r e .  ( 
t h e  o t h e r  h a n d ,  t h e  l a b o r  l e a d e r  w i l l  t a k e  t h e  p e a k  y e a r  o f  w a r  w a g e s  a 
c a l l  t h a t  y e a r  " o n e "  o r  u n i t y  a n d  t h e r e b y  p r o v e  t h a t  l a b o r  h a s n ' t  d o n e  
w e l l  a t  a l l  f o r  t h e  s a m e  c o m p a r i s o n .  B o t h  o f  t h o s e  s e t s  o f  s t a t i s t i c s  a 
c o r r e c t ,  h o w e v e r ,  in  t h e  a r i t h m e t i c a l  s e n s e .  T h e y  l e a d ,  h o w e v e r ,  t o  
f e r e n t  c o n c l u s i o n s .  M a n y  o t h e r  s t a t i s t i c a l  b o o b y  t r a p s  c o u l d  b e  c i t e d .  

So m u c h  f o r  s t a t i s t i c s .  W h a t  a b o u t  t e c h n o l o g y ?  

T e c h n o l o g y ,  w h i l e  o f t e n  s o  d e s c r i b e d ,  i s  n o t  a s c i e n c e .  T e c h n o l o  
i s  a n  a r t ,  j u s t  l i k e  t h e  a r t  of  w a r  i s  a n  a r t .  I t ' s  t h e  a p p l i c a t i o n  o f  sc i c  
bu t  i t ' s  t h e  u s e  of  s c i e n c e  in  a f i e l d  t h a t  i s  in  i t s e l f  n o n s c i e n t i f i c .  By  
t h a t  I m e a n  t h i s :  L e t  u s  a s s u m e  a n  e n g i n e e r  i s  a s k e d  t o  b u i l d  a b r i d g e  
He  w i l l  u s e  m a t h e m a t i c s ,  s t r e s s  a n d  s t r a i n  r e l a t i o n s h i p s ,  p h y s i c a l  la~ 
of  m a t e r i a l s ,  f o r c e s  of  n a t u r e ,  g r a v i t y ,  l i v e  l o a d s ,  d e a d  l o a d s ,  a n d  s,  
f o r t h ;  a n d  ou t  of  a v e r y  c o m p l e x  s e r i e s  of  f o r m u l a e  w h i c h  h a v e  b e e n  
d e d u c e d  f r o m  d e c a d e s  of  e x p e r i m e n t a t i o n  h e  w i l l  p r o d u c e  t h e  d e s i g n  o~ 
t h e  b r i d g e ,  a n d  y o u  w i l l  s a y ,  " T h i s  i s  s c i e n t i f i c .  " W e l l ,  h e r e ' s  w h y  i 
i s  n o t  so .  In t h e  f i r s t  p l a c e ,  he  h a s  to  a s s u m e  t h a t  s o m e o n e  i s  g o i n g  t 
u s e  t h e  b r i d g e .  T h e n  h e  h a s  to  e s t i m a t e  h o w  m a n y  p e o p l e  w i l l  u s e  i t  a 
t h e  s a m e  t i m e ,  w h a t  k i n d  of  l o a d s  t h e y  w i l l  h a v e .  T h e n  h e  s a y s :  " I ' m  
b u i l d i n g  t h i s  b r i d g e  f o r  q u i t e  a p e r i o d  of  t i m e .  T h e  p e o p l e  t h a t  a r e  
g o i n g  to  u s e  t h i s  a r e n ' t  h e r e  n o w .  T h e y  w i l l  h a v e  l o a d s  t h a t  I d o n ' t  kn  
a n y t h i n g  a b o u t .  S i n c e  t h e  b r i d g e  m a y  be  h e r e  f o r  30,  40,  o r  50 y e a r s ,  
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I m u s t  a s s u m e  t h e  g r o w t h  of  p o p u l a t i o n  in  t h i s  a r e a  a n d  t h e  d e g r e e  a n d  
c h a r a c t e r i s t i c s  o f  t h e  t r a f f i c .  I m u s t  a s s u m e  t h e  n u m b e r  a n d  k i n d  of  
v e h i c l e s .  W i l l  i t  be  a 2 - l a n e  b r i d g e ,  a 4 - l a n e  b r i d g e ,  a d o u b l e - d e c k  
b r i d g e ,  o r  a s i n g l e - l e v e l  b r i d g e ? "  A n d  h e  m u s t  l o o k  i n t o  h i s  c r y s t a l  
b a l l  a n d  c o m e  up  w i t h  a n  a n s w e r .  T h i s  i s  n o t  s c i e n c e  b u t  r a t h e r  " s o c i a l "  
s c i e n c e .  

So f o r  t h e  f i n a l  r e s u l t ,  l i k e  a n y  a l g e b r a i c  f o r m u l a ,  t h e  r e s u l t  i s  n o  
m o r e  a c c u r a t e  t h a n  t h e  e r r o r  o f  a n y  o n e  of  t h e  f a c t o r s  e n t e r i n g  i n t o  i t .  
If  y o u  h a v e  a s i n g l e  i n d e t e r m i n a t e  f u n c t i o n  in a c o m p l e x  a l g e b r a i c  f o r -  
m u l a  e v e n  t h o u g h  i t  i s  a c o r r e c t  l o g i c a l  f o r m u l a ,  n e v e r t h e l e s s  y o u r  
a n s w e r  m u s t  b e  s i m i l a r l y  i n d e t e r m i n a t e .  A n d  s o  i t  i s  w i t h  t h e  b r i d g e .  

N o w  t h a t  w e ' v e  d e f i n e d ,  t h e n ,  t h e  d i f f e r e n c e  b e t w e e n  w h a t  we  m e a n  
b y  s c i e n c e  a n d  t e c h n o l o g y  a n d  e s t a b l i s h e d  t h e  s o - c a l l e d  m i l i t a r y  s c i e n c e  
o f  w a r  a s  a n  a r t ,  l e t  u s  l o o k  a t  s o m e  c h a r t s  a n d  s t a t i s t i c a l  e x h i b i t s  in  
a s o p h i s t i c a t e d  w a y .  

C h a r t  1, p a g e  6 . - - T h e  t o o l  o f  s c i e n c e  i s  r e s e a r c h .  I f  y o u  w a n t  t o  
s e e  a v e r y  d y n a m i c  a n d  d r a m a t i c  s t a t i s t i c a l  e x h i b i t ,  h e r e  i t  i s .  A s  
r e c e n t l y  a s  1941,  w h i c h  w a s  t h e  b e g i n n i n g  of  W o r l d  W a r  II ,  t h e  t o t a l  
a m o u n t  o f  r e s e a r c h  in  t h e  U n i t e d  S t a t e s ,  a c c o r d i n g  to  t h e  b l a c k  o r  " t o t a l "  
c u r v e  on  t h e  c h a r t ,  w a s  a b o u t  $ 3 0 0  m i l l i o n  a y e a r .  Y o u  w i l l  s e e  t h a t  
t o d a y  t h i s  s a m e  c u r v e  i s  h e a d i n g  p a s t  $ 1 1 . 5  b i l l i o n  p e r  y e a r ,  a l m o s t  a 
4 0 - f o l d  e x p a n s i o n  in  2 d e c a d e s .  

H o w  m a n y  of  y o u  r e a l l y  r e a l i z e  h o w  r e c e n t  t h i s  t o o l  of  r e s e a r c h  i s  
i n s o f a r  a s  y o u r  f i e l d  o f  i n t e r e s t  p r e s e n t l y  l i e s ,  m e a n i n g  t h a t  o f  o u r  
n a t i o n a l  e c o n o m i c  p o w e r  f o r  m i l i t a r y  d e f e n s e ?  T h i s  i s  a r e l a t i v e l y  n e w  
p h e n o m e n o n .  

Now,  i f  y o u  go  b a c k  b e f o r e  W o r l d  W a r  I, y o u  w i l l  be  a m a z e d  to  
k n o w  t h a t  t h e  f i r s t  r e s e a r c h  l a b o r a t o r y  in  t h e  U n i t e d  S t a t e s  w a s  f o r m e d  
in  t h e  y e a r  1900,  by  t h e  G e n e r a l  E l e c t r i c  C o m p a n y  in  S c h e n e c t a d y ,  
N e w  Y o r k ,  a n d  h a d  n o t  o v e r  s e v e n  s c i e n t i s t s  in  i t  f o r  s e v e r a l  y e a r s .  

P r i o r  t o  t h a t  t h e r e  w a s  w h a t  m i g h t  b e  d e s c r i b e d  a s  t h e  a g e  o f  i n -  
v e n t i o n .  I n v e n t i o n  i s  l a r g e l y  t h e  p r o d u c t  of  t h e  i n g e n u i t y  a n d  p e r s i s -  
t e n c e  o f  o n e  m a n  p u r s u i n g  a n  i d e a .  He  m a y  h a v e  l a b o r a t o r y  a s s i s t a n c e ,  
b u t  i t  i s  e s s e n t i a l l y  t h e  w o r k  of  a m a n  l i k e  T h o m a s  E d i s o n .  
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On the o t h e r  hand  r e s e a r c h  is  the w o r k  of a t e am;  and as  s c i e n c e  
has  p r o l i f e r a t e d ,  the t e a m  c o n c e p t  b e c o m e s  m o r e  and m o r e  v i t a l .  And 
this  c o n c e r n s  you ,  b e c a u s e  the m o d e r n  w e a p o n  s y s t e m s  a r e  the end 
p r o d u c t s  of a g r e a t  m a n y  d i f f e r e n t  s c i e n c e s  and  t e c h n o l o g i e s .  And it  
i s  the pu t t ing  t o g e t h e r  of the t e a m  and c r e a t i n g  the e n v i r o n m e n t  fo r  
the t e a m  that  g ive  you  the s u c c e s s f u l  w e a p o n  s y s t e m  or  the u n s u c c e s s f u l  
w e a p o n  s y s t e m .  

So th is  c o n c e p t  that  you  a r e  l ook ing  at  i s  not  only  h i s t o r i c a l l y  new,  
but  i t  r e a l l y  b e g a n  to f l o w e r  a f t e r  K o r e a ,  b e c a u s e  of the i m p e t u s  of the 
s o - c a l l e d  co ld  w a r  and the t h r e a t  i t  p o s e s  f o r  ou r  s e c u r i t y .  

Th i s  i s  the b a s i c  tool  y o u ' r e  w o r k i n g  wi th  in f a s h i o n i n g  y o u r  new a r t  
of w a r  and i t s  v a r i o u s  m o d e r n  w e a p o n  s y s t e m s .  And, o b v i o u s l y ,  m a n y  
of you  can  r e m e m b e r  w h e n  t h e r e  w e r e  s e r i o u s  d i s c u s s i o n s  in  the D e f e n s e  
E s t a b l i s h m e n t  a s  to how you  cou ld  i n t e g r a t e  a s c i e n t i s t  in to  the d e f e n s e  
o r g a n i z a t i o n .  Th i s  f r e q u e n t l y  o c c u r r e d  a f t e r  W o r l d  W a r  II, and in f ac t  
I w a s  p r e s e n t  at  s o m e  of t h e s e  t y p i c a l  d i s c u s s i o n s .  T h e y  w e r e  p h i l o s o p h -  
i c a l l y  v e r y  c o m p l e x  p r o b l e m s ,  b e c a u s e  t h e r e  e x i s t e d  the thought  tha t  
s c i e n t i s t s  w e r e  un l ike  o t h e r  p e o p l e .  Th i s  i s  in s o m e  r e s p e c t s  qui te  t r u e  
f o r  they  c e r t a i n l y  a r e n ' t  r e a d i l y  a m e n a b l e  to the n o r m a l  d i s c i p l i n e  r e -  
q u i r e d  in a m i l i t a r y  e s t a b l i s h m e n t .  How do you  jo in  s u c h  f o r c e s ?  I t ' s  
in  the s k i l l  of add ing  t h e s e  d i s p a r a t e  f o r c e s  of s c i e n t i f i c  w o r k  and  m i l i t a r y  
c o m m a n d  t o g e t h e r  tha t  the f i na l  d e s i r e d  r e s u l t  can  be ob t a ined .  And 
t h e r e  is  m u c h  w a s t e  in the p r o c e s s .  

In th i s  nex t  c h a r t  l e t ' s  no te  tha t  in 1945 tha t  h u m p  tha t  you s e e  is  
the  r e f l e c t i o n  of W o r l d  W a r  II in p r o m o t i n g  a d d i t i o n a l  r e s e a r c h  and  
d e v e l o p m e n t .  And it was  a n u m e r i c a l l y  e n o r m o u s  d e v e l o p m e n t .  It 
c l i m b e d  o v e r  $1 b i l l i on  a y e a r  f r o m  a b a s e  l ine ,  as  was s a id ,  j u s t  b e -  
f o r e  the  w a r ,  of $300 m i l l i o n .  T h a t ' s  a g r o w t h  f a c t o r  of t h r e e  and  a 
t h i r d .  It d o e s n ' t  look l ike  m u c h  on th i s  c u r v e ,  b e c a u s e  of the  e n o r m o u s  
g r o w t h  s i n c e .  

C h a r t  2, page  8 . - - H e r e ,  p l e a s e  no te  the  d i f f e r e n c e  b e t w e e n  i n d u s -  
t r i a l  r e s e a r c h  and  g o v e r n m e n t a l  r e s e a r c h .  You wi l l  no te  tha t  i n d u s t r y  
h a s  p a s s e d  G o v e r n m e n t  in e f fo r t  e x p e n d e d .  And h e r e  you wi l l  s e e  tha t  
the  F e d e r a l  G o v e r n m e n t  f u r n i s h e s  33 p e r c e n t  of the  m o n e y  and  i n d u s t r y  
64 p e r c e n t ,  but  i n d u s t r y  does  79 p e r c e n t  of the  p e r f o r m a n c e ,  wi th  Gov-  
e r n m e n t  do ing  only  15 p e r c e n t .  
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That  t iny  l i t t l e  s e c t o r  at  the top of the " p i e "  is  the m o s t  s i g n i f i c a n t .  
R e s e a r c h  is  d iv ided  in to  f u n d a m e n t a l  r e s e a r c h ,  app l i ed  r e s e a r c h ,  and 
l a s t l y ,  of c o u r s e ,  d e v e l o p m e n t .  The b o r d e r l i n e  b e t w e e n  t h e s e  d e f i n i -  
t ions  and c o n c e p t s  i s  not  c l e a r .  T h e r e f o r e  the s t a t i s t i c s  a r e  not  c l e a r .  
I t  d e p e n d s  on how one c h o o s e s  to g r a d e  the w o r k  be ing  done as  to w h i c h  
p o c k e t  i t  f a l l s  into.  Of c o u r s e  a c o m p u t i n g  m a c h i n e  wi l l  a c c u r a t e l y  
s o r t  and t abu l a t e  the punch  c a r d s - - a f t e r  they  have  been  p u n c h e d .  

So, tha t  l i t t l e  3 p e r c e n t  at  the top, w h i c h  is  the w o r k  done by u n i v e r -  
s i t i e s ,  i s  l a r g e l y  b a s i c  r e s e a r c h .  And V a n n e v a r  B u s h  s a i d  in  h i s  book 
a f t e r  W o r l d  W a r  II, " W e ' v e  u s e d  50 y e a r s  of b a s i c  r e s e a r c h  in 5 y e a r s  

of w a r .  

Tha t  was  a v e r y  s i g n i f i c a n t  s t a t e m e n t ,  and  is s t i l l  t r u e  t oday  tha t  
we have  e m p h a s i z e d  a p p l i e d  r e s e a r c h  and d e v e l o p m e n t  a t  the  e x p e n s e  
of b a s i c  r e s e a r c h .  If we have  in th i s  c o u n t r y  a d e f i c i e n c y ,  it is  tha t  
we h a v e  not  p r o p e r l y  w e i g h t e d  the  f u n c t i o n  of b a s i c  r e s e a r c h  in t e r m s  
of t o t a l  r e s e a r c h  e f fo r t .  In the  pa s t  and  e v e n  today  we h a v e  d r a w n  e s s e n -  
t i a l l y  on the  o l d e r  c u l t u r e s  of E u r o p e .  And so you  n o t i c e  the  n u m b e r  of 
i m p o r t e d  s c i e n t i s t s  t ha t  we have  in the  Un i t ed  S ta t e s ,  both  in the  e d u c a -  
t i o n a l  i n s t i t u t i o n s  and in ou r  l a b o r a t o r i e s .  Tha t  6 p e r c e n t  s p e n t  by the  
u n i v e r s i t i e s  is  p r o b a b l y  m o r e  s i g n i f i c a n t  than  the  o t h e r  94. C e r t a i n l y  

fo r  the  f u t u r e !  

C h a r t  3, page  1 0 . - - T h i s  c h a r t  s h o w s  the F e d e r a l  o b l i g a t i o n s  fo r  
r e s e a r c h .  It c o m e s  f r o m  the  N a t i o n a l  S c i e n c e F o u n d a t i o n  and  is a f a i r l y  
r e c e n t  r e p o r t .  You wi l l  n o t i c e  the  t o t a l  r e s e a r c h  a t  the  top fo r  the  y e a r s  

1956, 1957, and 1958. 

T h e s e  b a r s  r e p r e s e n t  1956, 1957, and  1958, but  fo r  ou r  p u r p o s e s  
t o d a y  j u s t  t h ink  of the  l a s t  one .  You wi l l  s e e  tha t  the  t o t a l  r e s e a r c h  was  
a l i t t l e  o v e r  a b i l l i o n  d o l l a r s .  The  s o - c a l l e d  l i fe  s c i e n c e s ,  wh ich  a r e  
m e d i c i n e ,  a g r i c u l t u r e ,  and  b io logy ,  a r e  317 m i l l i o n ,  and  the  p h y s i c a l  
s c i e n c e s  657. And l a s t l y  a r e  the  q u a s i - s c i e n c e s ,  the  s o c i a l  s c i e n c e s ,  

48 m i l l i o n .  

T h e  s o c i a l  s c i e n t i s t s ,  of c o u r s e ,  w o r k  m o s t l y  with  IBM m a c h i n e s  
and p e n c i l s  and  p a p e r ,  w h e r e a s  the  m e n  w o r k i n g  in the  p h y s i c a l  s c i e n c e s  
have  g r e a t  e n o r m o u s  i n s t r u m e n t s  and  l a b o r a t o r i e s .  So tha t  the  m o n e y  
v a l u e s  can  be  qu i te  d i f f e r e n t .  Th i s  is why s o m e  c a t e g o r i e s  a r e  w e i g h t e d  

o v e r  o t h e r s .  
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C h a r t  4, page  1 2 . - - T h i s  c h a r t  shows  the  c h a r a c t e r  of w o r k  in 
r e s e a r c h  and d e v e l o p m e n t .  Aga in  you have  the  to ta l  conduc t  of r e -  
s e a r c h  and d e v e l o p m e n t ,  the  b l a c k  p o r t i o n  showing  to ta l  d e v e l o p m e n t .  
Aga in ,  it m u s t  be  no ted  tha t  i t ' s  a v e r y  d i f f i cu l t  t h ing  to s e p a r a t e  to ta l  
r e s e a r c h  and b a s i c  r e s e a r c h .  

N o t i c e  h e r e  the g r o w t h  of b a s i c  r e s e a r c h .  In s o m e  ways  it is  the 
m o s t  s i g n i f i c a n t  th ing  on the c h a r t .  It r e p r e s e n t s  the  g r o w t h  of s o p h i s -  
t i c a t i o n  in the  U n i t e d  S t a t e s .  The  p e r c e n t a g e  g rowth ,  wh i l e  it m a y  look 
s m a l l  to you  on the  c h a r t ,  is  v e r y  l a r g e  p e r c e n t a g e w i s e .  It is  in tha t  
f a c t o r  tha t  we can  look to the fu tu re ;  to s u c h  th ings ,  fo r  i n s t a n c e ,  as  
the  s u c c e s s f u l  l a u n c h i n g  of the " P i o n e e r ,  " and s p a c e  t e c h n o l o g y .  

Of c o u r s e  t h e r e  a r e  e r r o r s  in a l l  t h e s e  s t a t i s t i c s .  T a k e  the a i r -  
c r a f t  i n d u s t r y  a s  an  e x a m p l e .  Much d e v e l o p m e n t  work  is done  on p r o -  
d u c t i o n  o r d e r s ,  and ju s t  how you would s i f t  s o m e  of that  out of to ta l  
f i g u r e s  is r a t h e r  d i f f i cu l t  to s ay .  And hav ing  been  an a i r c r a f t  m a n u f a c -  
t u r e r ,  I ' l l  t e l l  you now, one d o e s n ' t  do so.  So tha t  the c o n c l u s i o n  is 
tha t  t h e s e  f i g u r e s  a r e  to b e  t a k e n  with  a c e r t a i n  g r a i n  of s a l t .  But t hey  
do t e a c h  b r o a d  i s s u e s  wh ich  a r e  f u n d a m e n t a l  to the m i l i t a r y  e s t a b l i s h -  
m e n t .  

Chart 5, page 13.--In this chart are the Federal scientific obliga- 
tions for research and development by agency. You will notice the total 
of all agencies of the Government at the top, of $3.4 billion with Defense 
$2.1 billion and the Atomic Energy Commission $672 million. The 
lower box of the chart is on a different scale; so don't get confused by 
the length of the bars. 

You wi l l  no te  tha t  the  next  l a r g e s t  budge t  is fo r  the  D e p a r t m e n t  of 
He a l t h ,  E d u c a t i o n ,  and W e l f a r e ,  wh ich  r e p r e s e n t s  the l ife s c i e n c e s  
for  $200 m i l l i o n .  Tha t  is l e s s  than  a t h i r d  of the  A E C ' s  p o r t i o n  a l o n e .  

The  D e p a r t m e n t  of A g r i c u l t u r e ,  which  you n o r m a l l y  th ink  of as  a 
p r e t t y  e x p e n s i v e  b u r e a u ,  t a k e s  only  $132 m i l l i o n .  T h e n  c o m e s  the  
N a t i o n a l  A d v i s o r y  C o m m i t t e e  fo r  A e r o n a u t i c s ,  wh ich  r e a l l y  b e l o n g s  up 
in the D e p a r t m e n t  of D e f e n s e  c a t e g o r y  b e c a u s e  i t ' s  c o n c e r n e d  l a r g e l y  
with  w e a p o n r y .  T h e n  c o m e  the o t h e r  d e p a r t m e n t s  and a g e n c i e s  wh ich  
a r e  a p p a r e n t .  Tha t  p r o v i d e s  a b r e a k d o w n  of the  m a i n  d i v i s i o n s  of 
r e s e a r c h  in the  F e d e r a l  G o v e r n m e n t .  
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C h a r t  6, page 1 5 . - - T h i s  c h a r t  shows  the  t r e n d  of s c i e n t i f i c  r e -  
s e a r c h  and d e v e l o p m e n t  in e x p e n d i t u r e s  in  the  F e d e r a l  budge t  only.  
In 1945, of c o u r s e ,  you s e e  that  bump wh ich  we m e n t i o n e d  e a r l i e r  in 
Wor ld  War  H. As is  obv ious ,  i t  r e p r e s e n t s  o v e r  a b i l l i on  d o l l a r s .  

Th is  i s  a Na t iona l  S c i e n c e  F o u n d a t i o n  and B u r e a u  of the Budge t  
c h a r t .  An i n t e r e s t i n g  th ing  is  to look at the change  in the p e r c e n t a g e  
of the F e d e r a l  budge t  as shown in the l o w e r  box. Back  in 1940 1 p e r -  
cen t  of the  F e d e r a l  budge t  went  for  r e s e a r c h .  You wi l l  o b s e r v e  how 
tha t  c u r v e  i s  s t e a d i l y  c l i m b i n g ,  and today  4 .5  p e r c e n t  of the  to ta l  
F e d e r a l  budge t  i s  u s e d  fo r  r e s e a r c h  and d e v e l o p m e n t .  Tha t  i s  a v e r y  
s i g n i f i c a n t  c u r v e  i ndeed  ! 

C h a r t  7, page 16. - - N o w ,  l e t ' s  t u rn  to t h o s e  who do th i s  r e s e a r c h  
work .  Th i s  c h a r t  shows  the s c i e n t i f i c  and e n g i n e e r i n g  g r a d u a t e s  of 
v a r i o u s  na t ions ,  and is  p r o b a b l y  the  m o s t  r e c e n t  s tudy  that  is  a v a i l a b l e .  
As  you see ,  the s o u r c e  is  the Off ice  for  E u r o p e a n  E c o n o m i c  C o o p e r a -  
t ion  and the  f i g u r e s  w e r e  c o m p i l e d  l a s t  y e a r .  

The  USSR shows  90 ,830  g r a d u a t e s ,  the  Uni t ed  S ta t e s ,  53 ,480 .  
And now look  at the Uni t ed  Kingdom,  8, 3 3 2 - - i t  was  v e r y  d i f f i cu l t  g e t -  
t ing  t h e s e  o t h e r  f i g u r e s - - b u t  F r a n c e  shows  6 ,681 ,  and G e r m a n y  con-  
s i d e r e d  a v e r y  t e c h n i c a l l y  a d v a n c e d  na t ion ,  6 ,005 ,  and I t a ly  only  
5 ,483 .  H o w e v e r ,  t h e s e  a r e  v e r y  s u p e r i o r  peop le .  

In the nex t  c o l u m n  a r e  the to ta l  d e g r e e s  of al l  k inds  a w a r d e d :  
Sov ie t  R u s s i a  had  245 ,000 ,  and no t i ce  the Uni ted  S ta t e s ,  287 ,000 .  
You s e e  that ,  w h e r e a s  we g ive  m o r e  d e g r e e s ,  we g ive  a l i t t l e  b e t t e r  
t han  ha l f  as  m a n y  as  the  R u s s i a n s ,  p e r c e n t a g e w i s e ,  in s c i e n c e  and 
e n g i n e e r i n g .  Not ice  the Un i t ed  K i n g d o m  h a s  the  s a m e  t e n d e n c y  to  h a v e  
a h igh  p e r c e n t a g e  of to ta l  d e g r e e s  and a low p e r c e n t a g e  of e n g i n e e r i n g .  
But  no t i ce  37 p e r c e n t  for  the USSR, on ly  19 p e r c e n t  for  the U n i t e d  
S ta tes ,  44 p e r c e n t  fo r  the Uni ted  K i n g d o m ,  29 p e r c e n t  for  F r a n c e ,  34 
p e r c e n t  fo r  G e r m a n y  and 26 p e r c e n t  for  I ta ly .  You wi l l  no t i ce  tha t  
w e ' r e  the  only  f e l l ow  out of s tep  h e r e .  The Uni ted  K i n g d o m  is  do ing  
a r e a l  job in a s s e s s i n g  i t s  s c i e n t i f i c  n e e d s  wi th in  it r e s o u r c e s .  We,  
s e e m i n g l y ,  a r e  not .  T h e s e  o t h e r  n a t i o n s  a l l  r u n  s o m e w h a t  in the 
s a m e  p e r c e n t a g e  o r d e r  fo r  s c i e n t i s t s  and e n g i n e e r s .  
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T h e n  t u r n  t o  t h e  s c i e n t i f i c  a n d  e n g i n e e r i n g  d e g r e e s  p e r  m i l l i o n  
p o p u l a t i o n .  N o t i c e  t h a t  R u s s i a  h a s  445 p e r  m i l l i o n  to  o u r  3 1 3 .  So on  
t h e  b a s i s  of  a n y  b a s e  l i n e  y o u  d e s i r e  t o  t a k e ,  t h e  R u s s i a n s  a r e  b e c o m i n g  
m o r e  s c i e n t i f i c  and  e n g i n e e r i n g  m i n d e d  a s  a n a t i o n  t h a n  w e  a r e .  T h i s  
i s  v e r y ,  v e r y  s e r i o u s .  T h i s  c h a r t  h a s  b e e n  a s s e m b l e d  o n l y  w i t h i n  t h e  
l a s t  s e v e r a l  w e e k s  a n d  i t  i s  r a t h e r  a s h o c k e r .  

C h a r t  8, p a g e  1 8 . - - T h i s  c h a r t  s h o w s  t h e  U n i t e d  S t a t e s  v e r s u s  t h e  
S o v i e t  i n s t i t u t i o n s  of  h i g h e r  l e a r n i n g .  Y o u  c a n  o b s e r v e  t h a t  a l l  c o l l e g e s ,  
u n i v e r s i t i e s ,  a n d  i n s t i t u t e s  in  t h e  U n i t e d  S t a t e s  t o t a l e d  1 , 3 6 8 ,  a s  a g a i n s t  
762 in  t h e  S o v i e t .  We h a v e  2 . 6  m i l l i o n  s t u d e n t s ;  t h e y  h a v e  1 . 9  m i l l i o n .  
A n d  a l s o  n o t i c e  t h a t  t h e  n u m b e r  of d e g r e e s  c o i n c i d e s  w i t h  t h e  f i g u r e s  
s h o w n  on t h e  o t h e r  c h a r t .  

In t e c h n o l o g i c a l  s t u d e n t s  y o u  w i l l  f i n d  t h a t  we  h a d  o n l y  4 9 3 , 0 0 0  t o  
t h e  S o v i e t ' s  6 5 0 , 0 0 0 .  A n d  a g a i n  y o u  s e e  t h i s  s t r a n g e  r a t i o  o f  t e c h n i c a l  
a n d  e n g i n e e r i n g  d e g r e e s  to  t h e  t o t a l ,  w h i c h  i s  a l l  in  R u s s i a ' s  f a v o r .  

C h a r t  9, p a g e  19. - - L e t ' s  l o o k  a t  a n o t h e r  p h a s e  of  t h i s  s a m e  p r o b -  
l e m .  T h i s  c h a r t  s h o w s  h o w  t h e  R u s s i a n s  d i v i d e  t h e i r  i n s t i t u t i o n s  up  i n t o  
t w o  g r o u p s ,  a s  y o u  s e e .  T h e r e  a r e  204  f u l l  e n g i n e e r i n g  a n d  t e c h n i c a l  
i n s t i t u t e s ,  w i t h  a n  e n r o l l m e n t  of  6 5 0 , 0 0 0  a n d  h e r e  a g a i n  i s  s h o w n  t h e  
9 0 , 8 0 0  g r a d u a t e s .  T h i s  c h a r t  i s  p u t  in  s i m p l y  to  s h o w  y o u  t h a t  t h e y  a l s o  
h a v e  a n  e x t e n s i v e  c o r r e s p o n d e n c e  s c h o o l  s e t u p ,  w i t h  a n  e x t r e m e l y  l a r g e  
n u m b e r  of  s t u d e n t s  a n d  a v e r y  l a r g e  n u m b e r  of  d e g r e e s .  T h e  o n e  d i f -  
f e r e n c e  in  R u s s i a  o v e r  o u r  s y s t e m  i s  t h a t  i f  y o u  u n d e r t a k e  to  t a k e  a 
c o r r e s p o n d e n c e  c o u r s e  in  R u s s i a ,  y o u ' r e  v e r y  l i k e l y  t o  f i n i s h  i t .  

T h e  f i g u r e  f o r  m i l i t a r y  a c a d e m i e s  h a s  a q u e s t i o n  m a r k  on i t ,  b e c a u s e ,  
o b v i o u s l y ,  i t  i s  v e r y  d i f f i c u l t  t o  g e t .  P r e s u m a b l y  i t  i s  f e l t  t h a t  t h e r e  a r e  
18 b a s i c  h i g h e r  i n s t i t u t i o n s  i n  t h e  m i l i t a r y  e s t a b l i s h m e n t ,  w i t h  2 0 , 0 0 0  
e n r o l l m e n t .  C o m p a r e  t h a t  w i t h  o u r  W e s t  P o i n t ,  t h e  A i r  A c a d e m y ,  a n d  
t h e  N a v a l  A c a d e m y .  It  i s  p r e s u m e d  t h e y  h a v e  a b o u t  3 , 5 0 0  g r a d u a t e s  a 
y e a r .  T h a t  i s  s u b j e c t  t o  e r r o r ,  o r  a t  l e a s t  c o n c e a l m e n t .  

C h a r t  10, p a g e  2 0 . - - T h e  R u s s i a n s  h a v e  a s y s t e m  i n  s e c o n d a r y  e d u c a -  
t i o n  we  d o  n o t  h a v e  to  a n y  m a r k e d  d e g r e e .  I t ' s  c a l l e d  a t e c h n i c u m .  A 
t e c h n i c u m  i s  i n  r e a l i t y  a t w o - y e a r  u n i v e r s i t y ,  o r  c o l l e g e .  T h i s  c h a r t  
s h o w s  t h e y  h a v e  3 , 7 5 3  of  t h e m ,  w i t h  an  e n r o l l m e n t ,  a s  y o u  s e e ,  of m o r e  
t h a n  t h e y  h a v e  in  t h e  f o u r - y e a r  c o l l e g e s .  N o t i c e  t h e  n u m b e r  of  g r a d u a t e s .  
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U.S. VS. SOVIET INSTITUTIONS 

1956 
NO. INSTITUTIONS 

OF HIGHER LEARNING 

1955 
1956 BACCALAUREATE 

ENROLLMENT GRADUATES 

co 

All Colleges, Universit ies 
& Institutes 

United States 

Soviet 

1,368 2,598,702 287,401 

762 ! ,867,000 245,846 

Technological Students 

United States 

Soviet 

m 

B 

493,018 53,985 

650,000 90,830 

Sources: "5oviet Education for Science and Technology" by Korol, M.I.T., 1957 
U.5. Office of Education, 1957 I ~ Y C H A R T  
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All Institutions 

SOVIET INSTITUTIONS OF HIGHER EDUCATION 

1956 1956 
NO. INSTITUTIONS ENROLLMENT 

762 ! ,867,000 

1955 
GRADUATES 

245,846 

Including: 
Engineering & Technical (VTUZY) 

Other Institutions (VUZY) 

204 650,000 90,830 

5S8 1,217,000 155,016 

Including: 

Correspondence 22 639,100 62,014 

Additional: 

Military Academies 18 (?) 20,000 (?) 3,500 (?) 

Source: "Soviet Education for ,Science and Technology" by Korol, M.I.T., 1957 
"Soviet Professional Manpower" by De Witt, Nat. Sci. Foundation, 1955 
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C_~ 

SOVIET I~CHNICUMS 

All Technicums 

AND OTHER SCHOOLS OF 

1956 
NO. SCHOOLS 

3,753 

SPECIALIZED SECONDARY EDUCATION 

1956 1955 
ENROLLMENT GRADUATES 

1,960,400 387,800 

L~ 
O 

Including: 
Engineering & Technical ! ,717 1,331,200 222,500 

Including: 
Correspondence Schools 41 286,500 26,700 

Sources: "Soviet Education for Science and Technology" by Korol, M.hT.0 19,57 
"Soviet Professional Manpower" by De Witt, National Science Foundation, 19,55 ~ C H A R T  



E n g i n e e r i n g  a n d  t e c h n i c a l  t a k e  up  1 , 7 1 7  of  t h a t  t o t a l ,  a n d  y o u  w i l l  
n o t e  t h e  n u m b e r  of  s t u d e n t s  a n d  g r a d u a t e s .  A n d  t h e r e  a r e  a l s o  41 c o r -  
r e s p o n d e n c e  s c h o o l s  i n  t h e  2 - y e a r  g r o u p .  

W h a t  t h a t  c h a r t  r e a l l y  m e a n s  to  u s  i s  t h i s :  t h a t  w h e r e a s  we  t a k e  a 
4 - y e a r  e n g i n e e r i n g  g r a d u a t e  s t u d e n t  a n d  p u t  h i m  to w o r k  on  a p h a s e  of  
a w e a p o n  s y s t e m  f o r  i n s t a n c e ,  t h e y  o f t e n  c a n  u s e  a 2 - y e a r  s t u d e n t  f o r  
t he  s a m e  p u r p o s e .  We a l l  a g r e e  t h a t  t h e r e  h a s  b e e n  m u c h  w a s t e  in  o u r  
u s e  of  m a n p o w e r  in  the  t e c h n i c a l  s e n s e ,  a n d  I t h i n k  the  w e a p o n s  g r o u p s  
h a v e  w a s t e d  m o r e  t h a n  the  n o n w e a p o n s  g r o u p s  s i m p l y  b e c a u s e  U n c l e  S a m  
f o o t s  t h e  b i t l  f o r  t h e m ;  a n d  t h e y  t h e r e f o r e  c a n  b e  a l i t t l e  m o r e  c a r e l e s s ,  
l e t  u s  s a y .  

T h e  t e c h n i c u m s  c o m p r i s e  a n  a r e a  w h e r e i n  I b e l i e v e  o u r  c o u n t r y  i s  
b a d l y  b e h i n d  o u r  c o m p e t i t i o n .  We do  h a v e  a f e w  s c h o o l s  o f  t h a t  c h a r a c t e r .  
C a l i f o r n i a  d o e s  a b e t t e r  j ob  t h a n  m o s t  o t h e r  s t a t e s  in  t h a t  a r e a  of  e d u c a -  
t i o n .  T h a t  i s  b e c a u s e  C a l i f o r n i a  h a d  to  m a k e  h e r s e l f  i n d u s t r i a l  l o n g  
a f t e r  t h e  e a s t  b e c a m e  s o ,  a n d  s h e  f o u n d  t h a t  t h i s  w a s  a v e r y  u s e f u l  w a y  
to  u t i l i z e  h e r  m a n p o w e r .  

H o w e v e r ,  a s  a c o u n t r y  we  a r e  n o t  in  t he  s a m e  l e a g u e  w i t h  R u s s i a  i n  
t h i s  f i e l d .  We d o  t r a i n  o u r  t e c h n i c i a n s - - a n d  y o u  f i n d  i t  in  t he  e l e c t r o n i c s  
i n d u s t r y  to  a g r e a t e r  e x t e n t  t h a n  a n y  o t h e r  of  w h i c h  I h a v e  k n o w l e d g e - - t o  
d o  w o r k  t h a t  e n g i n e e r s  w o u l d  o t h e r w i s e  h a v e  to d o .  If  i t  w e r e n ' t  f o r  t h i s ,  
t he  c h a r t  w h i c h  w i l l  b e  s h o w n  l a t e r  o n  t he  g r o w t h  of  t he  e l e c t r o n i c  i n -  
d u s t r y  c o u l d  n e v e r  h a v e  b e e n  p r e p a r e d !  

C h a r t  11, p a g e  22 .  - - T h i s  c h a r t  i s  p u t  in  a s  a n  e x a m p l e  of  h o w  the  
R u s s i a n s  v a l u e  r e s e a r c h .  T h e  m a c h i n e  s h o w n  i s  t h e  l a r g e s t  i n s t r u m e n t  
e x i s t i n g  t o d a y  in  t he  e n t i r e  w o r l d  f o r  s u b a t o m i c  h i g h - e n e r g y  p a r t i c l e  
r e s e a r c h .  It  c o n t a i n s  s i x  t i m e s  a s  m u c h  s t e e l  in  i t s  m a g n e t  s y s t e m  a s  
t he  l a r g e s t  o p e r a t i n g  A m e r i c a n  i n s t r u m e n t .  

S o m e  p r o f e s s o r s  of  m y  a c q u a i n t a n c e  w h o  w e r e  i n v i t e d  to  R u s s i a  
a n d  s a w  t h i s  m a c h i n e  t o l d  m e  t h a t  i t  e m b o d i e s  n o  p r i n c i p l e  t h a t  i s  u n -  
k n o w n  to u s ,  b u t  to  m y  v e r y  g r e a t  s u r p r i s e ,  t h e y  s a i d  u n a n i m o u s l y  t h a t  
t h e  e n g i n e e r i n g  e q u i p m e n t  i s  s u p e r i o r  to  t h a t  o n  a n y  A m e r i c a n  i n s t r u -  
m e n t .  W e  p r i d e  o u r s e l v e s  o n  o u r  e n g i n e e r i n g ,  a n d  i t l s  r a t h e r  s h o c k i n g  
to  g e t  f r o m  h i g h - g r a d e  s c i e n t i s t s  a r e p o r t  t h a t  t h e  R u s s i a n s ,  i n  b u i l d i n g  
a n  i n s t r u m e n t  f o r  f u n d a m e n t a l  r e s e a r c h ,  d o  a b e t t e r  e n g i n e e r i n g  job  t h a n  
w e  d o .  
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I r e f e r  to s u c h  t h i n g s  a s  the  v a c u u m  p u m p  s y s t e m ,  s u c h  t h i n g s  a s  
t h e  p a r t i c l e  g u n  s y s t e m ,  a n d  s u c h  t h i n g s  a s  t he  e l e c t r o n i c  p u l s e  s y s t e m .  

N o t i c e  t h e  c o n t r o l  r o o m .  O u r  c o m p a n y  d e s i g n s  p l a n t s  of  t h i s  t y p e ,  
a m o n g  o t h e r s ;  a n d  w e  a g r e e  t h a t  w e  h a v e  h e r e  a m o s t  m o d e r n  f u n c t i o n a l  
c o n t r o l  c o n c e p t .  

L a s t  b u t  n o t  l e a s t ,  t h e r e  i s  t h e  a r c h i t e c t u r a l  t r e a t m e n t .  R u s s i a  i s  
a c o u n t r y ,  m i n d  y o u ,  w h e r e  y o u ' r e  g i v e n  in  t he  o r d e r  o f  150 s q u a r e  f e e t  
of  l i v i n g  s p a c e  p e r  c i t i z e n  f o r  l i v i n g  q u a r t e r s .  T h i s  m e a n s  t h a t  t he  
i n s t r u m e n t  s h o w n  i s  a s y m b o l  by  R u s s i a  of  h e r  r e c o g n i t i o n  of  t h e  r o l e  of  
b a s i c  r e s e a r c h  a n d  of  h e r  d e t e r m i n a t i o n  to c a t c h  up  to t he  w e s t e r n  n a -  
t i o n s  a n d  to go p a s t  t h e m  i n  s c i e n c e .  

Now I w a n t  to c o m e  to  t he  p a r t  of  m y  s u b j e c t  t h a t  I b e l i e v e  i s  t h e  
l e a s t  u n d e r s t o o d ,  b u t  to  m e  i s  t he  m o s t  s i g n i f i c a n t  f o r  t h i s  a u d i e n c e .  
W h e n  y o u  g e n t l e m e n  c o n c e r n  y o u r s e l v e s  w i t h  p o l i t i c a l  a t t i t u d e s ,  p s y c h o -  
l o g i c a l  w a r f a r e ,  e c o n o m i c  w a r f a r e ,  a n d ,  f i n a l l y ,  c o m b a t  w a r f a r e ,  y o u  
a r e  c o n c e r n e d ,  n o t  w i t h  t he  n u m b e r  of  m e n ,  b u t  w i t h  t he  e c o n o m i c  m i g h t  
o f  a n a t i o n  t h a t  w i l l  p r o v i d e  t h o s e  m e n  w i t h  t he  t o o l s  a n d  w e a p o n r y  w h i c h  
t h e y  m u s t  u s e  to be  e f f e c t i v e .  T h i s  m e a n s  t h a t  we  h a v e  to m a n u f a c t u r e  
a n d  s u p p l y  s u c h  w e a p o n r y  in  t i m e s  of  w a r .  We h a v e  to t r a n s p o r t  i t .  
We  h a v e  to s u p p l y  a n d  m a i n t a i n  i t .  A n d  o u r  N a t i o n  h a s  to  s u p p l y  the  
c i v i l  p o p u l a t i o n  w h o  w i l l  m a k e  t h i s  w e a p o n r y .  A l l  t h i s  i s  p a r t  of  o u r ,  
s h a l l  w e  c a l l  i t ,  m i l i t a r y  p o s t u r e - - a  t e r m  t h a t  I h e a r  f r o m  t i m e  to t i m e .  

W e l l ,  w h a t  i s  a m e a s u r e  of  a c o u n t r y ' s  a b i l i t y  i n  t h i s  a r e a ?  L e t  u s  
t a k e  s o m e  s t a t i s t i c s .  

F i r s t  o f f ,  a n  e n g i n e e r ,  i n  l o o k i n g  a t  t he  n a t i o n s '  e c o n o m i c s ,  i s  
a l w a y s  b a f f l e d  by t he  l a n g u a g e  e m p l o y e d  a n d  by t he  s e m a n t i c s  a n d  t h e  
u s e  o f  t e r m s  a n d  t h e i r  f u n d a m e n t a l  m e a n i n g s  e m p l o y e d  by the  e c o n o m i s t s ;  
s o  h e  r e a c h e s  o u t  to  t r y  to  g e t  s o m e t h i n g  s o l i d  w h e n  h e  i s  r e a d i n g  s u c h  
m a t e r i a l ,  a n d  he  o f t e n  h a s  g r e a t  d i f f i c u l t y .  

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

If  t h i s  be  t r u e ,  t h e n  t h e  a m o u n t  of  p o w e r  a v a i l a b l e  to  a n a t i o n  
r e p r e s e n t s  w i t h i n  r e a s o n  i t s  s t a n d a r d  of l i v i n g ,  i t s  t o t a l  p r o d u c t i v e  
c a p a b i l i t y .  
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C h a r t  12, page  25. - - S o  on that  t h e o r y  I s e t  out to ge t  s t a t i s t i c s  f r o m  
s o m e  of the o l d e s t  s t a t i s t i c a l  s o u r c e s  in the U n i t e d  S t a t e s - - u s i n g  T h e  
E d i s o n  E l e c t r i c  I n s t i t u t e ,  and the N a t i o n a l  I n d u s t r i a l  C o n f e r e n c e  B o a r d .  
T h e y  w e r e  ob t a ined  f o r  the p u r p o s e  of c o m p a r i n g  the s t a n d a r d  of l i v i n g  
p e r  uni t  of p o p u l a t i o n  in the Un i t ed  S ta t e s  v e r s u s  the p o w e r  a v a i l a b l e  p e r  
uni t  p o p u l a t i o n  in to  the to ta l  p o w e r  g e n e r a t e d  and use  the D e p a r t m e n t  of 
C o m m e r c e  f i g u r e s  fo r  the s t a n d a r d  of l i v i n g  in t e r m s  of c o n s t a n t  o r  
s t a n d a r d  d o l l a r s .  

In t e r m s  of a s t a n d a r d  d o l l a r ,  w h i c h  I h a v e  n e v e r  s e e n ,  and  u s i n g  
the D e p a r t m e n t  of C o m m e r c e ' s  c e n s u s  s t a t i s t i c s  we d e r i v e  c h a r t  12. 
T h i s  s h o w s  a c u r v e  wh ich  i n d i c a t e s  the s t a n d a r d  of l i v i n g  in  the U n i t e d  
S t a t e s  s i n c e  1905. It s h o w s  wha t  h a p p e n e d  t h r o u g h  W o r l d  W a r  I ,  the 
d e p r e s s i o n ,  W o r l d  W a r  II and down to t oday .  

The  b r o k e n  l i ne  c u r v e  in the c h a r t  s h o w s  the a m o u n t  of e n e r g y  a v a i l -  
ab l e  in the e l e c t r i c a l  s y s t e m s  in the Un i t ed  S ta t e s  p e r  uni t  of p o p u l a t i o n  
s i n c e  the v e r y  f i r s t  s t a t i s t i c s  w e r e  g a t h e r e d ,  in 1905. Is it not  r e m a r k -  
ab le  that  the s t a n d a r d  of l i v ing  in the U n i t e d  S t a t e s ,  the h i g h e s t  in the 
w o r l d ,  and the a m o u n t  of m e g a w a t t  h o u r s  of e l e c t r i c a l  e n e r g y  p e r  un i t  
of p o p u l a t i o n  h a v e  r u n  a c l o s e  p a r a l l e l  f o r  50 y e a r s  ? 

P l e a s e  note  we did not  take  any  s p e c i f i c  y e a r  as  a s t a n d a r d  un i t .  
We cou ld  p r o v e  a l m o s t  a n y t h i n g  by  u s i n g  that  m e t h o d  l i t e r a l l y .  We 
b e l i e v e  tha t  the e x p e r i e n c e  of the p e r i o d  of o v e r  f ive  d e c a d e s  l e a d s  to 
th i s  a s t o u n d i n g  c o n c l u s i o n :  tha t  the s t r e n g t h  of a c o u n t r y  is  no  b e t t e r  
than  the a v a i l a b i l i t y  of i ts  e n e r g y  s o u r c e s  and the k n o w l e d g e  of how to 
u s e  t h e m .  

C h a r t  13, page  2 6 . - - T h i s  c h a r t  g i v e s  the p r o j e c t i o n  of the a m o u n t  
of p o w e r  w h i c h  the m a j o r  u t i l i t i e s  a r e  g o i n g  to p r o d u c e  in the nex t  few 
y e a r s .  S t r a n g e l y  enough ,  i t  doub le s  e v e r y  10 y e a r s .  And this  m e a n s  
tha t  in 50 y e a r s ,  f o r  i n s t a n c e ,  it is  2 to the 5th p o w e r ,  t h a t ' s  32 t i m e s ,  
the c u r v e  g i v e s  the p r o j e c t i o n  f o r  the nex t  few y e a r s .  Some  r e c e n t  
w o r k  in E u r o p e  i n d i c a t e s  that  t h e i r  r a t e  of g r o w t h  is the s a m e .  
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C h a r t  14, page 2 8 . - - T h i s  c h a r t  shows  e l e c t r i c  p o w e r  p r o d u c t i o n  
in b i l l i o n s  of k i lowa t t  h o u r s .  Note  the  f i g u r e  of 1235 fo r  the  Un i t ed  
S t a t e s  and our  a l l i e s ,  W e s t e r n  E u r o p e ,  and Canada ,  c o m p a r e d  wi th  our  
e n e m i e s ,  the  USSR, i t s  E u r o p e a n  s a t e l l i t e s ,  and China,  and t h e i r  t o t a l  
of 315. T h i s  i s  a good m e a s u r e  of p r e s e n t  w a r - m a k i n g  capab i l i t y ,  
m a n p o w e r  e x c l u d e d .  It i s  the  capab i l i t y  of the  p r o d u c t i o n  of w e a p o n r y .  
A s s u m i n g  the  C o m m u n i s t s  w e r e  e q u a l  t e c h n o l o g i c a l l y ,  wh ich  I doubt ,  
s e e  the  e n o r m o u s  advan t age  we have .  If R u s s i a  could  o v e r r u n  W e s t e r n  
E u r o p e  and t r a n s f e r  t h o s e  r e s o u r c e s  to t h e i r  e f f o r t s ,  an e n t i r e l y  d i f -  
f e r e n t  b a l a n c e  of p o w e r  b e c o m e s  obv ious .  H o w e v e r ,  in such  c o m p a r i -  
s o n s  we m u s t  k e e p  in m i n d  tha t  the  C o m m u n i s t s  do not  p e r m i t  t h e i r  
c i v i l i a n  r e q u i r e m e n t s  to t ake  a l a r g e  s h a r e  of t h e i r  r e s o u r c e s ,  as  do the  
Uni ted  S ta te s  and i t s  a l l i e s .  

In o t h e r  w o r d s ,  we d i v e r t  a l a r g e r  s h a r e  of our  p o w e r  to s u p p o r t  
e l e c t r i c  r e f r i g e r a t o r s  and t w o - t o n e  c o n v e r t i b l e s  and t h i s  would  e v e n  
be  t r u e  to an ex t en t  in w a r t i m e  wi th  our  t r a d i t i o n a l  h i g h e r  s t a n d a r d  of 
l iv ing .  

C h a r t  15, page 29. - - T h i s  c h a r t  shows  the  s t a n d a r d  of l iv ing  t h r o u g h -  
out the  w o r l d  as  c o m p u t e d  by s o c i a l  s c i e n t i s t s  b a s e d  on g r o s s  n a t i o n a l  
p r o d u c t  p e r  cap i t a .  T h e s e  a r e  the  l a t e s t  f i g u r e s  a v a i l a b l e ,  and the  
I n d u s t r i a l  C o l l e g e  facu l ty  h e l p e d  to obta in  t h e m ,  a l though  t h e y  w e r e  a l s o  
c h e c k e d  f r o m  o t h e r  s o u r c e s .  Note  the  p o s i t i o n  of the  USSR c o m p a r e d  
to  the  Uni t ed  S ta te s  at the  top.  A l s o  look at Canada ,  in the  s e c o n d  p l ace ,  
b e c a u s e  she  has  d e v e l o p e d  a v e r y  s i m i l a r  e c o n o m y .  And h e r e ' s  I c e l a n d ,  
of a l l  p l a c e s ,  to be  in t h i r d .  T h e n  Sweden,  New Z e a l a n d ,  S w i t z e r l a n d ,  
A u s t r a l i a ,  Un i t ed  K i n g d o m .  

You wi l l  no t i ce  tha t  th i s  top g r o u p  of c o u n t r i e s  a r e  ch i e f ly  n o t h e r n  
c o u n t r i e s ,  wi th  e n e r g e t i c  t e m p e r a t u r e  e n v i r o n m e n t s  and d e m o c r a t i c  
f o r m s  of g o v e r n m e n t .  Now note  the  p o s i t i o n  of the  USSR. 

It  i s  i n t e r e s t i n g  to  o b s e r v e  tha t  the  p o w e r  p r o d u c t i o n  in the  Sov ie t  
l and  d i v i d e d  by i t s  popu la t ion  has  c l o s e l y  the  s a m e  r a t i o  as  in t h i s  c h a r t  
fo r  the  s t a n d a r d  of l iv ing  to  tha t  fo r  the  e q u i v a l e n t  p a r a m e t e r  in the  
Uni ted  S ta t e s .  Thus  you wi l l  s e e  f u r t h e r  e v i d e n c e  fo r  the  t h e o r y  tha t  
the  a m o u n t  of a v a i l a b l e  e n e r g y  in a na t ion  d e t e r m i n e s  i t s  g r o s s  n a t i o n a l  
p r o d u c t  c apab i l i t y  and i t s  d e f e n s e  capab i l i t y  as  we l l .  
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We c a n  m a k e  t he  s a m e  c a l c u l a t i o n  f o r  o t h e r  c o u n t r i e s  u n t i l  you  
g e t  d o w n  in to  the  now i n d u s t r i a l  c o u n t r i e s .  I t  d o e s  no t  a p p l y  t h e r e ,  f o r  
a v e r y  s i m p l e  r e a s o n .  T o o  m u c h  of the  w o r k  of t h e s e  e c o n o m i e s  i s  
d o n e  by  m e n  and a n i m a l s ,  and  we c a n ' t  m e a s u r e  t h e m  in e q u i v a l e n t  
k i l o w a t t  h o u r s .  So t h a t  s u c h  f i g u r e s  a r e  r e a l l y  m i s l e a d i n g .  S u c h  c o u n -  
t r i e s  a r e  no t  as  p o o r  v i s - a - v i s  t he  i n d u s t r i a l  n a t i o n s  a s  t h i s  c h a r t  i n -  
d i c a t e s .  H e r e  a g a i n  we s e e  t he  l i m i t a t i o n  of s t a t i s t i c a l  m e t h o d s .  

C h a r t  16, p a g e  3 1 . - - T h i s  c h a r t  is  n e w .  T h e  s t a t i s t i c s  i n v o l v e d  
c o m e  f r o m  the  i n t e l l i g e n c e  r e p o r t s  of t he  U . S .  D e p a r t m e n t  of S t a t e .  
V a r i o u s  o t h e r  s o u r c e s  w e r e  u s e d ,  as  a c r o s s - c h e c k .  T h i s  c h a r t  i s  a 
l i t t l e  m o r e  a b s t r u s e  and  f u n d a m e n t a l  t h a n  s o m e  of the  o t h e r s .  I t  s h o w s  
the  g r o s s  n a t i o n a l  p r o d u c t  p e r  c a p i t a  in U n i t e d  S t a t e s  d o l l a r s ,  a s  p u r -  
c h a s i n g  p o w e r  e q u i v a l e n t ,  f o r  a l l  t he  c o u n t r i e s  s h o w n ,  v e r s u s  t h e i r  
e n e r g y  c o m s u m p t i o n  p e r  c a p i t a  in m e t r i c  t o n s  of h a r d  c o a l  e q u i v a l e n t ,  
w h i c h  i s  the  m e a s u r e  of a v a i l a b l e  e n e r g y .  

N o t e  t h e  U n i t e d  S t a t e s  a g a i n .  T h i s  c h a r t  s a y s  t h a t  we h a v e  t he  
h i g h e s t  s t a n d a r d  of l i v i n g  and  t h a t  we u s e  t he  g r e a t e s t  a m o u n t  of e n e r g y .  
And  a g a i n  o b s e r v e  C a n a d a ,  l y ing  j u s t  a b o v e  t he  m e d i a n  l i n e .  Bu t  l o o k  
w h e r e  t h i s  m e d i a n  l ine  c o m e s - - r i g h t  t h r o u g h  a l l  t he  m a s s  of s t a t i s t i c s  
f o r  m o s t  d o u n t r i e s ,  a g a i n  i n d i c a t i n g  t h a t  t he  h igh  s t a n d a r d  of l i v i n g  i s  
in  t he  h i g h - e n e r g y - a b s o r b i n g  c o u n t r i e s ;  o r ,  p u t t i n g  i t  t h e  o t h e r  way  
a r o u n d ,  t h e i r  c a p a b i l i t i e s  a r e  no g r e a t e r  t h a n  t h e i r  c a p a b i l i t y  t o  m a n u -  
f a c t u r e  and  d i s t r i b u t e  e l e c t r i c a l  p o w e r .  And  a g a i n ,  I b e l i e v e  t h i s  i s  
r e a l l y  t h e  f u n d a m e n t a l  b a s i s  of o u r  w a r - m a k i n g  c a p a b i l i t y ,  e s p e c i a l l y  
a f t e r  t he  i n i t i a l  p h a s e  of a w a r  w h e n  e x i s t i n g  s u p p l i e s  m u s t  be  r e p l a c e d .  

C h a r t  17, p a g e  3 2 . - - T h i s  c h a r t  i n d i c a t e s  o u r  e n e r g y  s o u r c e s  o v e r  
a p e r i o d  of a h u n d r e d  y e a r s .  T h e  p o w e r  s i t u a t i o n  in  t he  U n i t e d  S t a t e s  
w a s  s o m e w h a t  a n a l o g o u s  to  t he  p r e s e n t  p o s i t i o n  of n o n i n d u s t r i a l  n a t i o n s  
on t he  o t h e r  c h a r t .  O b s e r v e  the  a m o u n t  of w o r k  t h a t  w a s  f o r m e r l y  d o n e  
by  a n i m a l s  in  1850, t h e n  the  a m o u n t  d o n e  by  m e n ,  and  the  a m o u n t  by  
u s e f u l  w i n d p o w e r .  C o m p a r e  the  a m o u n t  of e n e r g y  g e n e r a t e d  by w a t e r -  
p o w e r ,  by  b i t u m i n o u s  coa l ,  h a r d  coa l ,  and  f i n a l l y  by  w o o d .  R e m e m b e r  
t h a t  t he  C i v i l  W a r  e n g i n e s  w e r e  f i r e d  wi th  wood ,  and  t he  Oh io  R i v e r  
s t e a m b o a t s  and  the  M i s s i s s i p p i  R i v e r  s t e a m b o a t s  w e r e  f i r e d  w i t h  w o o d .  
I t  w a s  qu i t e  an  e n e r g y  s o u r c e .  
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C H A R T  17 

ENERGY OUTPUT BY SOURCES IN THE UNITED STATES (1850-1950) 

1850 1870 
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[ ]  3. Bituminous Coa~ 
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N 4. Petroleum 

• 5. Natural Gas 

[ ]  6. Water 

~-~  7. Wind 

~----~ 8. Work Animals 

9. Human Workers 

SOURCE: Twentieth Century Fund 
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Now,  s k i p p i n g  o v e r  t he  w h o l e  p e r i o d  and  b r i n g i n g  o u r s e l v e s  r e a s -  
o n a b l y  up to da t e ,  to 1950, we  s e e  tha t  e n e r g y  f r o m  wood  h a s  a b o u t v a n -  
i s h e d ,  h a r d  c o a l  p r a c t i c a l l y .  B i t u m i n o u s  c o a l  i s  now a b o u t  e q u i v a l e n t  
to o i l ,  and  n a t u r a l  ga s  i s  r a p i d l y  c a t c h i n g  up to b e i n g  e q u i v a l e n t  to o i l  
o r  c o a l .  And  ff you  t a k e  coa l ,  o i l ,  a n d  gas ,  the  t h r e e  f o s s i l  f u e l s ,  t h e y  
m a k e  up 90 p e r c e n t  of a l l  o u r  e n e r g y ,  w i t h  w a t e r p o w e r  and  a n i m a l s  and  
m a n p o w e r  i n s i g n i f i c a n t .  

S o m e o n e  a s k e d  wha t  m a n  w a s  d o i n g  now in  the  way  of  d i r e c t  e n e r g y ,  
a n d  I s a i d :  " I t ' s  a l i t t l e  d i f f i c u l t  f o r  m e  to f i nd  ou t .  He now w a k e s  up 
w i t h  an  e l e c t r i c  c l o c k ,  w h i c h  t u r n s  on  h i s  own r a d i o  p r o g r a m  and  n e w s ,  
and  he  ha s  an  a u t o m a t i c  c o f f e e m a k e r  down  in  the  k i t c h e n ,  and  h i s  w i f e  
m i x e s  h e r  b i s c u i t s  w i t h  a n  e l e c t r i c a l l y  d r i v e n  m i x e r ,  t he  t o a s t e r  e v e n  
p o p s  it  ou t  on  the  t ab l e ,  and  the  d i s h w a s h e r  d o e s  t he  d i s h e s  and  the  
g a r b a g e  d i s p o s a l  g r i n d s  the  g a r b a g e .  I t ' s  p r e t t y  h a r d  to f i g u r e  ou t  wha t  
m u s c l e  i s  n e e d e d .  He t h e n  e a s e s  h i m s e l f  in to  a c a r  and  g e t s  t r a n s p o r t e d  
by  g a s o l i n e  p o w e r  to h i s  o f f i ce ,  s t e p s  i n to  an  e l e c t r i c  e l e v a t o r  and  g e t s  
h a u l e d  up by  k i l o w a t t  h o u r s  to h i s  o f f i c e  f l o o r ,  and  s i t s  in  a c h a i r ,  and  
so  h i s  day  of w o r k  g o e s  on .  

T h e  q u e s t i o n  i s ,  Wha t  i s  l e f t  f o r  h i s  m u s c l e s  to do?  T h i s  p o s e s  a 
h a r d  p r o b l e m ,  a n d  I h a v e  f i n a l l y  d e c i d e d  tha t  the  on ly  t h i n g  l e f t  f o r  u s  
i s  m o t o r - d r i v e n  z i p p e r s .  

C h a r t  18, p a g e  3 4 . - - T h e  t h r e e  s o u r c e s  of  e n e r g y  s h o w n  in  c h a r t  
18 w e r e  pu t  d o w n  300 m i l l i o n  y e a r s  a g o .  T h e y  a r e  not  i n e x h a u s t i b l e .  
T h e  N a t i o n a l  R e s o u r c e s  R e p o r t  of the  U n i t e d  S t a t e s  G o v e r n m e n t  p u b -  
l i s h e d  a f ew  y e a r s  ago  s h o w s  tha t  b y  the  y e a r  2020 the  U n i t e d  S t a t e s  
w o u l d  c e a s e  to h a v e  a d y n a m i c  e c o n o m y  b a s e d  on t h e s e  f u e l s .  

T h e s e  g r a p h s  a r e  t h e r e f o r e  b a d  m e d i c i n e  f o r  t h o s e  who s p e a k  on  
b e h a l f  of t h e  C o a l  I n s t i t u t e ,  the  P e t r o l e u m  I n s t i t u t e ,  and  a l l  t he  r e s t  
who  f e e l  t ha t  we a r e  s a f e  b e c a u s e  c u r r e n t l y  we  h a v e  p l e n t y  of  f u e l .  
We a r e  i n  a f u e l - r i c h  c o u n t r y .  

B u t  do r e m e m b e r  t h a t  t h e s e  f o s s i l  f u e l s  w e r e  l a i d  d o w n  300 m i l l i o n  
y e a r s  a g o .  A n d  w h e n  y o u  go d r i v i n g  d o w n  the  b o u l e v a r d  in  y o u r  a u t o m o -  
b i l e ,  r e m e m b e r  y o u  a r e  r i d i n g  on the  s u n l i g h t  of 300 m i l l i o n  y e a r s  a g o .  
T h i s  f u e l  i s  no t  r e p l a c e a b l e .  
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W h e r e ,  t h e n ,  w i l l  w e  l o o k  f o r  o u r  f u t u r e  c a p a b i l i t y ?  W e  c a n n o t  
s p e n d  m u c h  t i m e  o n  t h a t  f a c t o r  t o d a y .  B u t  i n  t e r m s  o f  e n o r m o u s  e n e r g y  
u n i t s  s h o w n  i n  t h e  c h a r t ,  we  c a n  s e e  t h e  e n e r g y  e s t i m a t e d  to r u n  t h e  
w o r l d  b y  2050 .  

O n  t h e  r i g h t - h a n d  s i d e  of  t h e  c h a r t  i s  s h o w n  t h e  a m o u n t  o f  o i l  t h e r e  
i s  i n  t h e  e n t i r e  c r u s t  o f  t h e  e a r t h ,  u n d e r  t h e  c o n t i n e n t a l  s h e l f  a n d  o n  
l a n d  a n d  b e l i e v e d  i n  t h e  A n t a r c t i c .  T h e n  s h o w n  i s  t h e  c o a l  a l s o  e s t i m a t e d .  
L a s t  i s  w a t e r p o w e r ,  w h i c h  s e e m s  l a r g e  b y  c o m p a r i s o n  s i m p l y  b e c a u s e  
t h e  r a i n  f a l l s  e v e r y  y e a r .  I t  i s  s o l a r  p o w e r  r e a l l y ;  a n d  t h e  l o n g e r  off  
w e  c h o o s e  a f i n a l  d a t e ,  t h e  l a r g e r  t h e  i t e m  l o o k s  i n  t e r m s  of  t h e  o t h e r  
f u e l s ,  b e c a u s e  w e  j u s t  k e e p  o n  m u l t i p l y i n g  b y  t he  n u m b e r  o f  y e a r s .  

S i n c e  t h e  t o t a l  a m o u n t  o f  u n d e v e l o p e d  w a t e r p o w e r  a n d  t h e  s u p p l y  of  
f o s s i l  f u e l s  i n  t h e  e a r t h  w o u l d n ' t  r u n  the  e x p a n d i n g  e c o n o m y  of  t h e  w o r l d  
f o r  100 y e a r s ,  i t ' s  o b v i o u s  t h a t  w e  m u s t  l o o k  e l s e w h e r e .  

T h e  t a l l e r  o f  t h e  two  s t a c k s  a t  t h e  l e f t  s h o w s ,  a b o u t  t h e  f o s s i l  f u e l  
b l o c k ,  t h e  c a l c u l a t e d  e n e r g y  e q u i v a l e n t  o f  t h e  u r a n i u m  a n d  t h o r i u m  n o w  
e s t i m a t e d  to  b e  in  t h e  e a r t h ' s  c r u s t .  T h e  q u a n t i t y  i s  p r o b a b l y  a n  u n d e r -  
e s t i m a t e ,  b e c a u s e  w e ' r e  d i s c o v e r i n g  m o r e  a n d  m o r e  u r a n i u m  a s  t i m e  
g o e s  on .  B u t  l e t ' s  d o u b l e  t h e s e  f i g u r e s  i f  y o u  l i k e ,  o r  t a k e  w h a t e v e r  
q u a n t i t y  y o u  w i s h .  Y o u  w i l l  s e e  t h a t  e v e n  in  t e r m s  of  100 o r  200 y e a r s  
w e  m u s t  l o o k  f o r  s t i l l  o t h e r  s o u r c e s  o f  e n e r g y ;  a n d ,  of c o u r s e ,  t he  o n l y  
o n e s  a v a i l a b l e  a t  t h e  m o m e n t  a r e  s o l a r  e n e r g y  o r  t h e r m o n u c l e a r  ( h y d r o -  
gen )  r e a c t i o n s  o r  e a r t h  c o r e  e n e r g y .  T h i s  e x h i b i t  i s  to  s h o w  t h e  n e e d  
f o r  r e s e a r c h  a n d  w h a t  h a s  to b e  d o n e  i n  o u r  d a y  a n d  a g e  to s a v e  t h e  
f u t u r e  f o r  o u r  g r a n d c h i l d r e n ' s  g r a n d c h i l d r e n .  S u c h  s c i e n t i f i c - t e c h n o l o g -  
i c a l  c h a l l e n g e s  r e q u i r e  n o t  y e a r s ,  b u t  d e c a d e s  f o r  t h e i r  s o l u t i o n .  

C h a r t  19, p a g e  36.  - - T h i s  c h a r t  s h o w s  a l l  t h e  u s e f u l  t h i n g s  t h a t  
c o m e  o u t  o f  o i l  i n  t h e  f o r m  o f  c h e m i c a l s ,  a n  e x h i b i t  t a k e n  f r o m  a n  o i l  
c o m p a n y  p u b l i c a t i o n .  

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

C h a r t  20 ,  p a g e  38.  - - T h i s  c h a r t  s h o w s  t h e  u s e r s  o f  p o w e r  i n  t h e  
U n i t e d  S t a t e s .  H e r e  a r e  o u r  p u b l i c  u t i l i t y  s t a t i o n s  i n  m i l l i o n s  of  k i l o -  
w a t t s .  H e r e  a r e  t h e  i n d u s t r i a l  s t a t i o n s ,  m e a n i n g  f a c t o r i e s .  " A g r i -  
c u l t u r a l "  m e a n s  f a r m  t r a c t o r s ,  f a r m  m a c h i n e r y ,  a n d  t h e  l i k e .  T h e  
r e q u i r e m e n t s  a r e  e n o r m o u s ,  a l t h o u g h  t h e  f a r m e r  u s e s  o n l y  h i s  e q u i p -  
m e n t  d u r i n g  h a r v e s t  t i m e  o r  p l a n t i n g  t i m e ,  and  t h e r e f o r e  t h e  u t i l i z a -  
t i o n  f a c t o r  i s  l o w .  B u t  t h e  u t i l i z a t i o n  f a c t o r  i s  v e r y  h i g h  in  i n d u s t r y ,  
l e s s  h i g h  f o r  r a i l r o a d  d i e s e l s ,  w h e r e  t h e  u t i l i z a t i o n  r a t i o  i s  f a i r ;  a n d  
f i n a l l y  t h e  v a s t  e q u i p m e n t  p o t e n t i a l  n e e d s  of  o u r  m i l i t a r y  e s t a b l i s h m e n t .  
N o w  we s e e  w h y  e n e r g y  s o u r c e s  i n  t i m e s  of  w a r  a r e  m o s t  c r i t i c a l .  

L o o k  a t  t h e  d o m e s t i c  a n d  a u t o m o t i v e  l o a d s .  If  t h e s e  c a r s  w e r e  
o n  t h e  r o a d  24 h o u r s  a d a y ,  t h e r e  w o u l d n ' t  b e  e n e r g y  s o u r c e s  e n o u g h  a n y -  
w h e r e  t o  p r o v i d e  f o r  t h e m .  S o m e t i m e s  w h e n  I a m  d r i v i n g  I t h i n k  t h a t  
t h e y  a r e  o n  t h e  r o a d  24 h o u r s  a d a y .  T h i s  g i v e s  y o u ,  t h e n ,  a p e r s p e c -  
t i v e  o n  w h a t  i t  t a l~es  f u e l w i s e ,  e n e r g y w i s e ,  t o  r u n  a n  e c o n o m y  l i k e  
o u r s ,  p a r t i c u l a r l y  i n  t i m e s  o f  w a r .  

C h a r t  21 ,  p a g e  3 9 . - - T h i s  c h a r t  s h o w s  a n  i n t e r e s t i n g  c u r v e ,  t a k e n  
f r o m  t h e  U.  S. C e n s u s  o f  M a n u f a c t u r e s .  I t  s h o w s  t h e  i n c r e a s e d  i n c r e -  
m e n t  c a u s e d  b y  m a n u f a c t u r i n g  p e r  m i l l i o n  of  p o p u l a t i o n  in  t h e  U n i t e d  
S t a t e s .  N o t e  t h e  i n c r e a s e  o f  w o r t h  o f  p r o d u c t s  a n d  g o o d s  b y  m a n u f a c -  
t u r i n g .  T h i s  i n d i c a t e s  o n c e  m o r e  t h e  u t i l i z a t i o n  o f  e n e r g y ,  a n d  g i v e s  
u s  a m e a s u r e  o f  t h e  s t a t e  of  t e c h n o l o g y  i n  t h e  c o u n t r y .  T h e  c u r v e  i s  
a t e c h n o l o g i c a l  c u r v e ,  a n d  i l l u s t r a t e s  h o w  t h e  c o u n t r y  i s  d e p e n d e n t  
m o r e  a n d  m o r e  o n  t h e  f r u i t s  of  s c i e n c e  a n d  e n g i n e e r i n g .  
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C h a r t  22, page  4 1 . - - T h i s  c h a r t  shows  the g r o w t h  of a t o m i c  i n d u s t r i e s .  
F o r  c o m p a r i s o n  is shown  the f i r s t  25 y e a r s  of a i r c r a f t  p r o d u c t i o n ,  l a r g e l y  
t h r ough  m i l i t a r y  r e q u i r e m e n t s  p lus  a c u r v e  s h o w i n g  the s t a r t  of a c i v i l i a n  
i n d u s t r y  in a v i a t i o n  and i ts  e a r l y  h i s t o r y .  

It is  i n t e r e s t i n g  to note  that  the W r i g h t  B r o t h e r s  f i r s t  f l ew  b a c k  in  
1903, and  The  New Y o r k  T i m e s  w o u l d n ' t  p u b l i s h  the a c c o u n t  of the 
f l igh t  b e c a u s e  they  s a i d  it w a s  too r i d i c u l o u s .  The  b ig  j u m p  in  the u p p e r  
l e f t  c h a r t  shows  the e f fec t  of W o r l d  W a r  I, when  the e a r l y  m i l i t a r y  t h e o r y  
w a s  that  an  a i r p l a n e  goes  up j u s t  to s p y  on the o t h e r  f e l l o w .  T h e n  they  
f i r e d  p i s t o l s  at  e a c h  o t h e r  f o r  a wh i l e ,  and f i na l l y ,  as  you r e m e m b e r ,  we 
d e v e l o p e d  s o m e  p r i m i t i v e  types  of o r d n a n c e ,  and b o m b i n g  t e c h n i q u e s .  

Bu t  note  wha t  W o r l d  W a r  I did in t e r m s  of d e m a n d .  I t l s  an  i n t e r e s t -  
ing  l e s s o n  b e c a u s e  it i l l u s t r a t e s  that  m i l i t a r y  n e e d s  so  of ten a r e  the 
f a t h e r  of new i n d u s t r i e s  and thus  m a j o r  i m p r o v e m e n t s  in the c i v i l  e c o n o -  
m y .  H o w e v e r ,  r i g h t  a f t e r  the w a r  c a m e  the days  of b a r n s t o r m i n g  the 
J e n n i e s ,  and so fo r t h ,  un t i l  l a t e r  on, when  the m i l i t a r y  s e r v i c e s  w e r e  
o r d e r e d  to f ly  the m a i l ,  wi th  r a t h e r  u n f o r t u n a t e  r e s u l t s .  And then  fo l -  
l owed  the r e a l  b i r t h  of c i v i l  a v i a t i o n .  Look  at  the c h a r t  on the u p p e r  r i g h t  
w h i c h  i n d i c a t e s  the b i r t h  of c i v i l  a v i a t i o n  in  1920, and  you w i l l  s e e  i ts  
g r o w t h  c h a r a c t e r i s t i c s .  Th i s  i l l u s t r a t e s  t e c h n o l o g y  at w o r k ,  and s h o w s  
the r a t e  of g r o w t h  of a i r  t r a n s p o r t a t i o n  and I h a v e  only  t aken  i ts  f i r s t  25 
y e a r s .  Note that  the only  s e t b a c k  o c c u r r e d  in 1933 when  a n e w  a d m i n i -  
s t r a t i o n  s e i z e d  a l l  the a i r l i n e s  and t r i e d  to h a v e  the A r m y  f ly  the m a i l s - -  
wi th  d i s a s t r o u s  r e s u l t s .  

The  b o t t o m  c h a r t  s h o w s  the g r o w t h  of a t o m i c  i n d u s t r i e s ,  w h i c h  h a s n ' t  
ye t  r e a c h e d  the 2 5 - y e a r  p e r i o d .  It is b a s e d  on U.  S. A t o m i c  E n e r g y  
C o m m i s s i o n  e x p e n d i t u r e s .  T h i s  is put  h e r e  to show that  a l l  t h e s e  v a s t  
new t e c h n o l o g i c a l  i n d u s t r i e s  take  a s o m e w h a t  s i m i l a r  c o u r s e .  If we w i l l  
c o m p a r e  one c u r v e  wi th  a n o t h e r ,  you  w i l l  f ind  they  have  s i m i l a r  c h a r a c -  
t e r i s t i c s  e x c e p t  that  a b u m p  in one i s n ' t  as  h igh  as  the b u m p  in a n o t h e r .  
T h i s  is c h i e f l y  b e c a u s e  they  s t a r t  and end in d i f f e r e n t  y e a r s .  

In o t h e r  w o r d s ,  1942 to 1945 shows  the M a n h a t t a n  D i s t r i c t  e f f o r t .  
In  p r o p o r t i o n ,  b e c a u s e  the s c a l e  is d i f f e r e n t ,  it  does  no t  h a v e  the s a m e  
c o o r d i n a t e s  as  you h a v e  in the c h a r t  fo r  a i r c r a f t  in W o r l d  W a r  I, p r i m i -  
t ive  as  t hey  w e r e ,  a l t h o u g h  the u l t i m a t e  c u r v e  has  the s a m e  c h a r a c t e r -  
i s t i c s .  
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An i n t e r e s t i n g  po in t  is that  t h e r e  is no c o u n t e r p a r t  of the c iv i l  
a v i a t i o n  c u r v e  today  fo r  a t o m i c  i n d u s t r y  b e c a u s e  the i n d u s t r y  is  b e i n g  
b o r n  only  now.  You w i l l  not  s e e  the r e a l  g e n e s i s  of th is  c i v i l i a n  a t o m i c  
e n e r g y  c u r v e  fo r  f ive y e a r s .  H o w e v e r ,  t e c h n o l o g y  is at  w o r k ,  and it 
is n e c e s s a r y  to have  enough  s c i e n t i s t s ,  e n g i n e e r s ,  r e s e a r c h ,  and  t e c h -  
no logy  to a c c o m p l i s h  th is  goal  and to d e v e l o p  the i n d u s t r y .  

C h a r t  23, page  4 3 . - - T h i s  c h a r t  shows  the g r o w t h  of e l e c t r o n i c s .  
Note  a g a i n  the W o r l d  W a r  II d e m a n d .  How s i m i l a r  that  is to the a i r c r a f t  
s u r g e  in W o r l d  W a r  I, o r  W o r l d  W a r  1"[ for  that  m a t t e r .  And n o t i c e  w h e r e  
the e l e c t r o n i c s  i n d u s t r y  was  in 1 9 4 0 - - R a d a r  had  not  b e e n  b o r n ,  c o m p u t e r s  
and  s i m u l a t o r s  w e r e  p r a c t i c a l l y  un thought  of and a u t o m a t i o n  was  in  i ts  
i n fancy .  T h e n  s e e  what  h a p p e n e d  w h e n  the B a t t l e  of B r i t a i n  c a m e  on and 
s h o w e d  the g r e a t  va lue  of r a d a r  and i ts  m a n y  m i l i t a r y  a p p l i c a t i o n s .  
No t i ce  aga in  that  any s t r i c t l y  m i l i t a r y - a c c e n t u a t e d  d e v e l o p m e n t  in  any  
p h a s e  of t e c h n o l o g y  has  a m a r k e d  d e c l i n e  a f t e r  a wa r  e f fo r t .  Bu t  l o o k  
how q u i ck ly  it p i c k e d  up in this  i n s t a n c e .  And,  of c o u r s e ,  it a c c e l e r a t e d  
t r e m e n d o u s l y  in the K o r e a n  War ,  and t h e n - - o n  it  wen t  to new c o n c e p t s  
and  a p p l i c a t i o n s .  So h e r e  we can  s e e  the W o r l d  W a r  II e f fec t ,  the K o r e a n  
W a r  e f fec t ,  and  the s u b s e q u e n t  g rowth ,  which  i n c l u d e s  the t r e m e n d o u s  
c o m m e r c i a l  d e v e l o p m e n t ,  t e l e v i s i o n ,  and so on.  

C h a r t  24, page  4 4 . - - T h i s  c h a r t  shows  c l e a r l y  the r e l a t i o n  b e t w e e n  
n e w  b a s i c  s c i e n c e ,  i ts  app l i ed  s c i e n c e ,  t e chno logy ,  and the a p p l i c a t i o n .  
At  the top a r e  i n d i c a t e d  the  y e a r s  w h e n  b a s i c  p r i n c i p l e s  w e r e  b e i n g  d e -  
v e l o p e d .  T h e y  b e g a n  as  f a r  b a c k  as  1890, wi th  D r .  H e r t z  d i s c o v e r i n g  
e l e c t r o m a g n e t i c  w a v e s  in space ;  t h r o u g h  1895, wi th  D r .  R o e n t g e n l s  
X - r a y s ;  in  1896 was the d i s c o v e r y  of r a d i o  a c t i v i t y  by D r .  B e c q u e r e l ,  
t hen  the d i s c o v e r y  of the e l e c t r o n  by  T h o m p s o n  in  1897, t hen  by 1900 
the G e r m a n ,  Max P l a n c k ,  had  p o s t u l a t e d  the q u a n t u m  t h e o r y  wh ich  p a v e d  
the way fo r  E i n s t e i n t s  s p e c i a l  t h e o r y  of r e l a t i v i t y  in 1905 and l a t e r  on the  
r e f i n e m e n t  of the quan tum t h e o r y  and D r .  B r o g l i e l s  wave  m e c h a n i c s - -  
the l a n g u a g e  of the a t o m i c  s c i e n t i s t s .  

By  1911 L o r d  R u t h e r f o r d  had  r e v e a l e d  the n u c l e u s  of the a t o m  and in 
1912 Ni l s  B o h r  p o s t u l a t e d  the c o m p l e t e  s t r u c t u r e  of the a t o m .  The  1930Ss 
s aw  C h a d w i c k  iden t i fy  the n e u t r o n ,  E n r i c o  F e r m i  the t r a n s u r a n i c  e l e -  
m e n t s ,  and  Hahn  and S t r a s s m a n  the p h e n o m e n o n  of f i s s i o n  in 1939. A l l  
of that  was  the g roundwo/ 'k ,  wh ich  was  a l l  in the f i e l d  of b a s i c  r e s e a r c h  
and s c i e n t i f i c  d i s c o v e r y .  Nobody then  knew how th is  t h e o r e t i c a l  new 
p o w e r  was  going  to be h a r n e s s e d ,  if e v e r ,  o r  wha t  would  e v e r  be  done  
wi th  i t .  Now l e t l s  l ook  at  the f i s s i o n  s i d e  of the c h a r t .  
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In  the 1930 's  the f i r s t  f i s s i o n  of u r a n i u m  o c c u r r e d  as  an a c c i d e n t  
in  a G e r m a n  c y c l o t r o n .  

In  1940 the " b a s i c  t e c h n i c a l  f e a s i b i l i t y "  s e c t i o n  of the c h a r t  shows  
the t i m e  i t  took,  u n d e r  w a r  p r e s s u r e ,  f o r  F e r m i  and h is  a s s o c i a t e s  to 
bu i ld  the f i r s t  r e a c t o r  a t  C h i c a g o .  Th i s  was  the f i r s t  s t ep  in  the app l i ed  
s c i e n c e  p h a s e .  

Then ,  in  1942 t h e r e  b e g a n  the e r a  of r e a c t o r  d e v e l o p m e n t .  It w i l l  
take  f r o m  then  up to wha t  i s  e s t i m a t e d  to be abou t  the y e a r  1968 in o r d e r  
f o r  the p r i o r  w o r k  in b a s i c  s c i e n c e ,  then  the w o r k  in  app l i ed  s c i e n c e ,  
and  f i n a l l y  t h e  r e s u l t i n g  d e v e l o p m e n t ,  to be r e d u c e d  to a s t a t e  of s i g n i f i -  
c an t  c o m m e r c i a l  and e c o n o m i c  f e a s i b i l i t y .  

Th i s  e x h i b i t  then,  i s  a v i t a l  l i fe  c h a r t  to show that  c e r t a i n  t e c h -  
n o l o g i e s  c a n ' t  n e c e s s a r i l y  be undu ly  a c c e l e r a t e d  d u r i n g  a w a r  e m e r g e n c y .  
And we poin t  out  that  th is  b a s i c  a t o m i c  s c i e n c e ,  that  w a s  n e e d e d  f o r  the 
a t o m i c  bomb ,  r a n  t h rough  a b a s i c  r e s e a r c h  p e r i o d  of 40 y e a r s .  It w a s  
done by a v e r y  few d i s t i n g u i s h e d ,  p e r s p e c t i v e ,  i m a g i n a t i v e  s c i e n t i s t s ,  
m e n  who t o w e r e d  above  t h e i r  g e n e r a t i o n .  We c a n ' t  h i r e  s u c h  m e n .  T h e y  
e x i s t e d  on ly  in  the u n i v e r s i t y  a t m o s p h e r e ,  and t h e r e  they p r o d u c e d  tha t  
k n o w - h o w ,  tha t  k n o w l e d g e ,  of the b a s i c  l aws  of the u n i v e r s e .  

U n d e r  the p r e s s u r e  of w a r  the a p p l i e d  p h a s e  of the w o r k  w a s  a c c e l -  
e r a t e d .  With a l l  the p r e s s u r e  of e c o n o m i c s - - e v e n  t h e n - - i t  took s o m e  
y e a r s  to r e d u c e  the t h e o r y  to p r a c t i c e .  

Now l e t ' s  t u r n  to the f u s i o n  o r  t h e r m o n u c l e a r  a p p r o a c h .  On the 
r i g h t  the s o - c a l l e d  t h e r m o n u c l e a r  p h a s e  is  p i c t u r e d .  Note  tha t  the 
s c i e n c e  of f u s i o n  p h e n o m e n a  w a s  w o r k e d  out  b e f o r e  the s c i e n c e  of f i s -  
s ion ,  a l t hough  m a n y  peop le  a r e  no t  a w a r e  of th i s .  In  the 1930 's  
D r . H a n s  B e t h e  s t a t e d  the b a s i c  t h e o r y  of the s u n ' s  e n e r g y ,  w h i c h  is  
e s s e n t i a l l y  the h y d r o g e n  f u s i o n  r e a c t i o n .  

You w i l l  o b s e r v e  the t i m e  it  ha s  a l r e a d y  t a k e n - - a n d  w h i c h  s h o u l d  
con t inue  un t i l  abou t  1 9 6 2 - - t o  hope fo r  the f i r s t  s u c c e s s f u l  d e m o n s t r a t i o n  
of f u s i o n  in  a m a n m a d e  d e v i c e .  It cou ld  be in  the s t e l l a r a t o r  a t  P r i n c e -  
ton U n i v e r s i t y ,  o r  i t  cou ld  be f r o m  the m i r r o r  m a c h i n e  a t  C a l i f o r n i a .  
We now d o n ' t  know w h i c h ,  and  we a l s o  don ' t  know w h e t h e r !  Bu t  the 
s c i e n t i s t s  a r e  w i l l i n g  to g a m b l e  tha t  by 1962 they  w i l l  have  r e d u c e d  the 
f u s i o n  t h e o r y  to i t s  f i r s t  d e m o n s t r a t e d  a p p l i c a t i o n  in  a p p l i e d  s c i e n c e .  
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Now, then ,  wha t  abou t  r e d u c i n g  fus ion  to p r a c t i c e ?  You wi l l  n o t i c e  
tha t  t h e r e  is not  on th is  c h a r t  s u c h  a th ing  as  a p r o j e c t e d  c o m m e r c i a l  
a p p l i c a t i o n  of t h e r m o n u c l e a r  p o w e r  g e n e r a t i o n .  T h a t  doesnTt m e a n ,  
b e c a u s e  this  is  a c r y s t a l - b a l l  type of c h a r t ,  that  we can  p r o v e  i t .  Bu t  
it  m e a n s  tha t  t h e r e  i sn t t  a c h a n c e  of s u c h  a d e v e l o p m e n t  in  the  i m m e d i a t e  
f u t u r e .  

So w h e n  you r e a d  n e w s p a p e r  a c c o u n t s  of " b r e a k t h r o u g h s "  and o t h e r  
s p e c t a c u l a r  d e v e l o p m e n t s ,  t r y  to m e a s u r e  t h e m  a g a i n s t  t h e s e  f u n d a m e n -  
t a l  f a c t s .  

C h a r t  25, page  4 7 . - - T h i s  c h a r t  i n d i c a t e s  e c o n o m i c ,  or  if you  w i l l  
" w a r  p o t e n t i a l "  c a p a c i t i e s  of the USSR and  s a t e l l i t e s ,  C o m m u n i s t  C h i n a  
and s a t e l l i t e s ,  v e r s u s  the r e s t  of the w o r l d .  N o t i c e  that  the p o p u l a t i o n  
of the r e s t  of the w o r l d ,  if we cou ld  on ly  have  it on our  s i d e ,  wou ld  v a s t l y  
o v e r s h a d o w  C h i n a  and R u s s i a .  In a g r i c u l t u r a l  l and ,  the r e s t  of the w o r l d  
c o u l d  f eed  m u c h  m o r e  than  C h i n a  and R u s s i a .  In c r u d e  s t e e l  p r o d u c t i o n - -  
the r e s t  of the w o r l d  is v a s t l y  s u p e r i o r  in t e r m s  of R u s s i a l s  c a p a b i l i t y .  
T h e  s a m e  th ing  in c o a l  p r o d u c t i o n ,  and e v e n  m o r e  so  in c r u d e  p e t r o l e u m  
p r o d u c t i o n ,  w h i c h  of c o u r s e  i n c l u d e s  the Midd l e  E a s t .  You c a n  s e e  wha t  
an  awfu l  d i s l o c a t i o n  would  o c c u r  in the p e t r o l e u m  s t a t i s t i c s  if we l o s t  the 
M i d d l e  E a s t .  A l s o ,  c o m p a r e  e l e c t r i c  p o w e r  p r o d u c t i o n ,  w h i c h  is r e a l l y ,  
a f t e r  a l l ,  the s i n e w s  of w a r .  

If I w e r e  a R u s s i a n ,  and s a w  t h e s e  s t a t i s t i c s  in the R u s s i a n  c o l u m n s ,  
I ' d  be  s c a r e d  to d e a t h .  F u r t h e r m o r e ,  I would  s ay ,  if e v e r  t h e r e  was  an 
a r g u m e n t  f o r  R u s s i a  to u s e  s u b v e r s i o n  to c a p t u r e  this  p o r t i o n  of the f r e e  
w o r l d ,  it would  be  in s u c h  a c h a r t .  The  R u s s i a n s  h a v e n l t  got  a c h a n c e  if 
the r e s t  of the w o r l d  s t a n d s  t o g e t h e r ,  e x c e p t  by  s u b v e r s i o n  or  by  n e u t r a -  
l i s m  in the r e s t  of the f r e e  w o r l d .  

It is  i n t e n d e d  tha t  m y  op in ions  in a l l  t h e s e  m a t t e r s  a r e  c e r t a i n l y  of 
s e c o n d a r y  i m p o r t a n c e .  Y o u r  op in ions  a r e  wha t  coun t .  I Ive  a l e r t e d  you  
abou t  the  l i m i t a t i o n s  of s t a t i s t i c s ,  i n c l u d i n g  t h o s e  g i v e n  you  h e r e  t o d a y .  
I1d l ike  to h a v e  you q u e s t i o n  a l l  of t h e m .  Bu t  I wou ld  l ike  to have  you  
th ink  in t e r m s  of f a c t s ,  and not  h e a d l i n e  op in ions ,  and  p r e f e r a b l y  not  
t h e o r i e s - - t h e o r i e s  f r o m  this  p l a t f o r m  or  t h e o r i e s  in the p r e s s  o r  e v e n  
t h e o r i e s  of y o u r  own.  
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I hope  we have  m a d e  a c a s e  that  in th is  w o r l d  s t r u g g l e ,  g e n t l e m e n ,  
i t  i s  s c i e n c e  and  t e c h n o l o g y  w h i c h  wi l l  count .  I don ' t  wan t  to f igh t  wi th  
the h u m a n i s t s  in e d u c a t i o n .  I d o n ' t  w i s h  to f ight  wi th  the s o c i a l  s c i e n -  
t i s t s .  C e r t a i n l y  the h u m a n  s p i r i t  is  m o r e  i m p o r t a n t  than  a n y t h i n g  tha t  
ha s  been  s h o w n  on t h e s e  c h a r t s .  But  ou r  s o u l s  and  the e n s u i n g  g e n e r a -  
t ions  of s o u l s  c anno t  e x i s t  e x c e p t  in the k ind  of e n v i r o n m e n t  w h i c h  we 
b e l i e v e  e m b o d i e s  o u r  t r a d i t i o n a l  p h i l o s o p h i c  v i e w s  of f r e e d o m ,  and o u r  
b e l i e f  in  the w o r t h  of e a c h  h u m a n  be ing ,  i n c l u d i n g  o u r  f r e e  p o l i t i c a l  
i d e a s ,  o u r  n a t i o n a l  h e r i t a g e ,  and  o u r  f o r m  of g o v e r n m e n t .  O u r  k ind  of 
g o v e r n m e n t  w i l l  p r e v a i l  on ly  as  long  as  s c i e n c e  and  t e c h n o l o g y  p r o v i d e  
the m i g h t  to p r e v e n t  t hose  who do not w i s h  o u r  i d e a s  to p r e v a i l ,  f r o m  
o b l i t e r a t i n g  t hem;  and this  w i l l  con t inue  to be the r o l e  f o r  o u r  s c i e n c e  
and t e c h n o l o g y .  

C A P T A I N  WRIGHT:  M r .  W a r d  is  r e a d y  fo r  y o u r  q u e s t i o n s .  

QUESTION:  Is  a s i g n i f i c a n t  p o r t i o n  of o u r  r e s e a r c h  and d e v e l o p -  
m e n t  funds  be ing  d e v o t e d  to r e s e a r c h  and d e v e l o p m e n t  of th ings  tha t  w i l l  
have  c i v i l i a n  a p p l i c a t i o n ?  

MR. WARD: I think m o s t  of o u r  r e s e a r c h  e x p e n d i t u r e s  a r e  s i g n i f -  
i c a n t  in th is  r e s p e c t .  I ' l l  s a y  " y e s .  " The  i d e a  of r e s e a r c h  in  i n d u s t r y  
h a s  s p r e a d  w i d e l y .  T h e r e  w a s  a p e r i o d  w h e r e  i t  was  o f ten  on ly  a f o r m  
of boondogg l ing .  An i n d u s t r y  that  d i d n ' t  have  a d e p a r t m e n t  wi th  the 
w o r d  " r e s e a r c h "  on the d o o r  was  l ooked  at  a l i t t l e  s u s p i c i o u s l y  by the 
f i n a n c i a l  f r a t e r n i t y .  T h e r e  was  s o m e t h i n g  m a g i c  about  the w o r d .  So 
that  r e s e a r c h  was  badly  a b u s e d  in  that  p e r i o d .  

You h e a r  the t e r m  " r e s e a r c h "  u s e d  l o o s e l y  in o t h e r  w a y s ,  s u c h  as  
" m a r k e t  r e s e a r c h .  " Wel l ,  m a r k e t  r e s e a r c h  m e r e l y  m e a n s  f i nd ing  out  
wha t  y o u r  c o m p e t i t o r s  a r e  doing ,  and  w h e r e  you  m a y  be ab le  to s e l l  
y o u r  p r o d u c t s .  

So a l l  s u c h  s t a t i s t i c s  a r e  v e r y  l ike  s e m a n t i c s .  The be s t  p r o o f  of the 
i n a c c u r a c y  of l a n g u a g e  is  to look a t  any  w o r d  in  the d i c t i o n a r y  and  f ind  
a d o z e n  m e a n i n g s  f o r  it .  T h e n  if you  wan t  to get  r e a l l y  c o n f u s e d ,  take  
a f o r e i g n  d i c t i o n a r y  that  t r a n s l a t e s  f r o m  E n g l i s h  to a f o r e i g n  l a n g u a g e  
and  y o u ' l l  f ind  that  t h e r e  a r e  p r o b a b l y  a d o z e n  f o r e i g a  w o r d s  f o r  e a c h  
one of the d o z e n  A m e r i c a n  w o r d s ,  w h i c h  m e a n s  t h e r e  cou ld  be p o s s i b l y  
f r o m  100 to 150 v a r i a t i o n s  of m e a n i n g  fo r  one w o r d .  

Thus  the w o r d  " r e s e a r c h "  has  m a n y  d i f f e r e n t  i n t e r p r e t a t i o n s .  A 
l i p s t i c k  c o m p a n y  is  a l w a y s  r e s e a r c h i n g ,  b e c a u s e  i t  ha s  c o n s t a n t l y  to ge t  
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n e w  c o l o r s  f o r  the g a l s .  T h e n  they  have  to give the new one  s o m e  n a m e  
l ike  " M o o n g l o w "  o r  give i t  a d v e r t i s i n g  s ex  a p p e a l .  If you  l ike ,  i t  c a n  be 
c a l l e d  r e s e a r c h  s i m p l y  on n a m e s .  

So we c a n  p e r h a p s  s a y  y e s ,  t h e r e  is  s o m e f o r m  of r e s e a r c h  done  
a c r o s s  the b o a r d  in i n d u s t r y .  I t  i s  not  a l l  the k ind  of r e s e a r c h  tha t  
wou ld  l e a d  to w e a p o n s ,  at  l e a s t  not  those  we have  c o n s i d e r e d  h e r e .  

QUESTION:  Mr .  W a r d ,  w o u l d  you  c a r e  to c o m m e n t  on the qua l i t y  
of the s c i e n t i s t s  tha t  a r e  be ing  p r o d u c e d  in s u c h  c o u n t r i e s  as  F r a n c e ,  
the U. K . ,  USSR, e tc .  

MR. WARD: Y e s .  T h a t ' s  a good ques t i on .  F u n d a m e n t a l l y ,  the 
B r i t i s h ,  the C o n t i n e n t a l ,  and  the R u s s i a n  s y s t e m s  of e d u c a t i o n  d e a l  
m o r e  t h o r o u g h l y  wi th  s c i e n t i f i c  t h e o r i e s  and m a t h e m a t i c s ,  w h i c h  l a t t e r ,  
i s  the q u e e n  of the s c i e n c e s .  E n g i n e e r s  f r o m  those  c o u n t r i e s ,  by and  
l a r g e ,  a r e  e x t r e m e l y  w e l l  g r o u n d e d  in the t h e o r i e s  and the m a t h e m a t i c a l  
a p p l i c a t i o n  of t h e o r i e s .  

T h e y  do not  t e a c h ,  to the e x t e n t  tha t  we  do in the U n i t e d  S t a t e s ,  the 
a p p l i c a t i o n s .  I think that  is  c h a n g i n g ,  h o w e v e r .  I th ink w e ' r e  go ing  m o r e  
in to  t h e o r y  and t h e y ' r e  going m o r e  into  a p p l i c a t i o n .  

K h r u s h c h e v  m a d e  a s t a t e m e n t  t h r e e  w e e k s  o r  so  ago in w h i c h  he 
b l a s t e d  the R u s s i a n  s y s t e m .  And i t ' s  i n t e r e s t i n g ,  if y o u ' l l  r e a d  b e t w e e n  
the l i n e s - - I  c a n ' t  quote i t  e x a c t l y ,  but he s a y s  r o u g h l y  th i s :  tha t  t h e r e  
h a s  to be a r e v i s i o n  in the R u s s i a n  s y s t e m ,  b e c a u s e  s t a t i s t i c s - - h e r e  i t  
i s  a g a i n - - s h o w  t h e r e  i s  too low a p e r c e n t a g e  of g r a d u a t e  s t u d e n t s  g e t t i n g  
d e g r e e s  w h o s e  f a t h e r s  and  m o t h e r s  w e r e  e i t h e r  p e a s a n t s  o r  f a c t o r y  
w o r k e r s .  Th i s  m e a n t  to h i m  that  the s y s t e m  w a s  w r o n g .  

He a d d e d  the f u r t h e r  thought  tha t  e x a m i n a t i o n  s h o w e d  that  the w h i t e -  
c o l l a r  b u r e a u c r a t s  in  the p a r t y  and in  the g o v e r n m e n t ,  s o m e h o w  or  o t h e r  
m a n a g e d  to ge t  t h e i r  c h i l d r e n  in to  the R u s s i a n  h i g h e r  i n s t i t u t i o n s ,  and  
a l s o  t h e i r  f r i e n d s '  c h i l d r e n .  

H u m a n  n a t u r e  i s  not  v e r y  d i f f e r e n t  a r o u n d  the w o r l d ,  e v e n  in  the 
K r e m l i n ' s  t i gh t ly  c o n t r o l l e d  a t m o s p h e r e .  H e ' s  v e r y  unhappy  o v e r  th i s  
s i t u a t i o n .  And i t  l ed  h i m  to p r o n o u n c e - - w h i c h  m e a n s  that  i t  w i l l  be 
c a r r i e d  o u t - - t o  the e f f ec t  tha t  wha t  we  w o u l d  c a l l  s e c o n d a r y  s c h o o l  g r a d u -  
a t e s ,  m u s t  go to w o r k  on the f a r m  o r  the f a c t o r y  fo r  two y e a r s  b e f o r e  t hey  
c a n  go to any i n s t i t u t i o n  of h i g h e r  l e a r n i n g .  
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He u s e s  as  h i s  a r g u m e n t  the f a c t  tha t  o t h e r w i s e  they  l a c k  the d i s -  
c i p l i n e  of l a b o r .  T h e y  l a c k  the k n o w l e d g e  of l a b o r .  So t h e r e  w i l l  be a 
r e v i s i o n  in the S o v i e t  s y s t e m  b a s e d  upon  the n o r m a l  p r a c t i c e  of u n d o u b t -  
e d l y  a n n o u n c e m e n t  f r o m  the K r e m l i n .  

Now,  as  to q u a l i t y .  The  N a t i o n a l  S c i e n c e  F o u n d a t i o n  and  o t h e r  
a g e n c i e s  h a v e  m a d e  a s t u d y  of the R u s s i a n  c u r r i c u l a .  T h e r e  a r e  m a n y  
t i m e s  a s  m u c h  a t t e n t i o n  g i v e n  to s c i e n c e s  in  the s e c o n d a r y  s y s t e m  as  
t h e r e  a r e  in  the U n i t e d  S t a t e s .  In f a c t ,  i t  w o u l d  be,  I b e l i e v e ,  i m p o s s i b l e  
f o r  a s t u d e n t  to g r a d u a t e  in  a s e c o n d a r y  s c h o o l  w i t h o u t  a good  g r o u n d i n g  
in  m a t h e m a t i c s ,  p h y s i c s ,  and  c h e m i s t r y ,  and  b i o l o g y  too.  In o u r  s y s t e m ,  
a s  you  know,  the r e v e r s e  h a p p e n s  e v e r y  day;  the n u m b e r  of s t u d e n t s  
t a k i n g  p h y s i c s  in  A m e r i c a n  s e c o n d a r y  s c h o o l s  i s  l e s s  than  o n e - f i f t h .  So 
you  s e e  a s h a r p  d i f f e r e n c e .  

The  C o n t i n e n t  of E u r o p e  is  v e r y  s i m i l a r  to R u s s i a .  F r e n c h  s e c o n d -  
a r y  s c h o o l s  a r e  v e r y  s t r o n g  in  s c i e n c e  and  m a t h e m a t i c s ,  the B r i t i s h  
l i k e w i s e .  T h e y  a l s o  s t u d y  the c l a s s i c s  in  t h e i r  b e t t e r  s c h o o l s  to a v e r y  
h i g h  d e g r e e .  And a l l  of the f o r e i g n  s c h o o l s  go in  f o r  h i s t o r y .  Bu t  in  
the s c i e n c e s  t h e i r  g r o u n d i n g  is  e v e r  so  m u c h  m o r e  t h o r o u g h  t h a n  o u r s .  

A p p a r e n t l y  t h e i r  s t u d e n t s  l e a r n  to r e a d  we l l ,  w h i c h  i s  s u r p r i s i n g  
to s o m e  of o u r  own m o d e r n  e d u c a t o r s .  O u r  u n i v e r s i t i e s  t e l l  u s  tha t  a 
g r e a t  m a n y  of o u r  s e c o n d a r y  s c h o o l  s t u d e n t s  c a n ' t  r e a d  p r o p e r l y ,  and  
so  the c o l l e g e s  a r e  g i v i n g  c o u r s e s  in  r e m e d i a l  r e a d i n g .  T h i s  a p p l i e s  to 
qu i te  a l a r g e  n u m b e r  of s t u d e n t s .  And the c o l l e g e s  a r e  a l s o  g i v i n g  r e -  
f r e s h e r  c o u r s e s  in  m a t h e m a t i c s  of a s e c o n d a r y  s c h o o l  l e v e l .  

I t h ink  a s i g n i f i c a n t  o b s e r v a t i o n  w a s  m a d e  a s h o r t  t i m e  ago  w h e n  I 
w a s  to ld  t ha t  an  a g r i c u l t u r a l  c o l l e g e  w a s  h a v i n g  to pu t  in a c o u r s e  in  
r e m e d i a l  m a t h e m a t i c s ,  b e c a u s e  the s e c o n d a r y  s c h o o l  m a t h e m a t i c s  w a s  
no t  s u i t a b l e  f o r  the t e a c h i n g  of the p r a c t i c e  of a g r i c u l t u r e .  

My o p i n i o n  i s  tha t  the  f o r e i g n  s y s t e m  of e d u c a t i o n  d o e s  a m u c h  b e t t e r  
a nd  m o r e  t h o r o u g h  job  of d i s c i p l i n i n g  s t u d e n t s ,  t e a c h i n g  t h e m  to w o r k  
h a r d ,  and  g r o u n d i n g  t h e m  in the b a s i c  c o u r s e s  in  e d u c a t i o n .  I d o n ' t  
l i m i t  i t  j u s t  to s c i e n c e  by any  m e a n s .  

You  know tha t  in  m a n y  i n s t i t u t i o n s  in  o u r  s e c o n d a r y  s c h o o l  s y s t e m  
s t u d e n t s  ge t  c r e d i t  t o w a r d  g r a d u a t i o n  f o r  l e a r n i n g  to s e w ,  o r  d r a w  p i c t u r e s  
o r  r u n  a n  a u t o m o b i l e ;  s u c h  s k i l l  c o u r s e  c r e d i t s  a r e  no t  g e n e r a l l y  p e r -  
m i t t e d  in  the f o r e i g n  s y s t e m s .  
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So the  N a t i o n a l  A c a d e m y  of S c i e n c e s  c a m e  o u t  w i t h  t h i s  o b s e r v a -  
t i o n  t h a t  t he  R u s s i a n  e n g i n e e r s  a r e  e v e r y  b i t  a s  w e l l  e d u c a t e d  a s  o u r s ,  
e v e r y  b i t  a s  c a p a b l e ;  t h a t  t h e i r  s y s t e m  h a s  m o r e  d i s c i p l i n e  i n  i t ,  a n d  
m o r e  b a s i c  s c i e n t i f i c  k n o w l e d g e  i s  t a u g h t .  

I m u s t  a d d  one  o t h e r  c o m m e n t .  F r o m  m a n y  o t h e r  s o u r c e s  c o m e s  
t h i s  f a c t :  t h a t  i n  the  R u s s i a n  t e c h n i c a l  c o u r s e s  a m a n  i s  e d u c a t e d  m o r e  
i n  d e p t h  a n d  l e s s  i n  b r e a d t h  t h a n  in  the  U n i t e d  S t a t e s .  I t  m e a n s  t h a t  
h e ' s  l i k e l y  to  c o m e  o u t  m o r e  a s p e c i a l i s t .  He  m a y  c o m e  o u t  a s  a 
s t r u c t u r a l  a e r o n a u t i c a l  m a n .  H e  m i g h t  n o t  be  so  g o o d ,  f o r  i n s t a n c e ,  
o n  s t a t i c  b r i d g e  s t r u c t u r e s ,  b e c a u s e  h e  w o u l d  h a v e  h a d  d e p t h  o n l y  i n  
a e r o n a u t i c a l  s t r u c t u r e s .  

T h e  S o v i e t s  t e n d  to p r o d u c e  p e o p l e  w h o  go to w o r k  " t o m o r r o w "  
w h e n  t h e y  g e t  o u t  of  t h e i r  c o u r s e s .  M a n y  of  o u r  c o l l e g e s  a v o i d  t h i s .  
T h e y  t e n d  to t r y  a n d  g i v e  b r e a d t h  i n t o  the  t h i n k i n g  p r o c e s s e s  a n d  g i v e  
b r o a d e r  a c q u a i n t a n c e s h i p  w i t h  m o r e  d i f f e r e n t  t h i n g s .  

N o w ,  i f  I c o n s o l i d a t e  m y  a n s w e r ,  I do  i t  t h i s  w a y :  T o  p a r a p h r a s e  
a w e l l - k n o w n  q u o t a t i o n  I t h i n k  t he  A m e r i c a n  s y s t e m  t e n d s  to  t e a c h  m o r e  
a n d  m o r e  a b o u t  m o r e  a n d  m o r e  u n t i l  a t  t i m e s  i t  t e a c h e s  n o t h i n g  a b o u t  
e v e r y t h i n g .  T h e  R u s s i a n  s y s t e m  t e a c h e s  m o r e  a n d  m o r e  a b o u t  l e s s  
a n d  l e s s  u n t i l  i t  t e a c h e s  e v e r y t h i n g  a b o u t  n o t h i n g .  T w o  d i f f e r e n t  
a p p r o a c h e s .  

Q U E S T I O N :  I n  l i n e  w i t h  y o u r  r e a s o n i n g ,  a n d  in  l i n e  w i t h  w h a t  y o u  
m e n t i o n e d  e a r l i e r  a b o u t  t he  n u m b e r  o f  p e o p l e  g o i n g  i n t o  s c i e n c e s ,  i s  
t h e r e  a n y  r e a l  w a y  t h a t  w e  c o u l d  g e t  p e o p l e  i n t o  t a k i n g  s c i e n c e  c o u r s e ~  ? 
I s  t he  p r o g r a m  t h a t  we  h a v e  now l a c k i n g  in  s o m e  w a y ?  W h a t  s h o u l d  

w e  be  d o i n g ?  

M R .  W A R D :  Y e s .  W h e r e v e r  a r e s u l t  i s  p o o r ,  s o m e t h i n g  i s  l a c k i n g ;  
a n d  o u r  r e s u l t  i s  p o o r .  T h i s  is,  o f  c o u r s e ,  q u i t e  a c o m p l i c a t e d  s u b j e c t .  
T h e  p s y c h o l o g i s t s  a n d  s t u d e n t s  of e d u c a t i o n  t e l l  u s  t h a t  e v e r y o n e  i s  n o t  
f i t t e d  to  go  i n t o  s c i e n c e  a n d  m a t h e m a t i c s .  I ' v e  s e e n  v a r i o u s  p e r c e n t a g e s ,  
a n d  t h e y  r u n  g e n e r a l l y  l e s s  t h a n  20 p e r c e n t .  So i f  s o m e t h i n g  l e s s  t h a n  
20 p e r c e n t  o f  a l l  o f  t he  s t u d e n t s  i n  the  U n i t e d  S t a t e s  w e n t  i n t o  s c i e n c e  a n d  
e n g i n e e r i n g  a n d  t e c h n o l o g y ,  i t  w o u l d  m e a n  t h a t  we  w o u l d  h a v e  e v e r y b o d y  

t h a t  r e a l l y  w o u l d  be  p r o f i c i e n t .  

The Russians have a method of determining scientific capability. A 
very good method, incidentally. Decisions are made while the students 
are in secondary school, through their state educational agencies--and 
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a l l  s t u d e n t s  a r e  g r a d e d ,  m e n  and w o m e n .  T h e y  m a k e  no d i s t i n c t i o n ,  
i n c i d e n t a l l y .  And then  the s t u d e n t s  a r e  a p p r o a c h e d  by an  a g e n t  of the 
s t a t e  if t h e y ' r e  above  a c e r t a i n  l i m i t ,  w h i c h  is  v e r y  c a r e f u l l y  a p p r a i s e d  
by the a c a d e m i c i a n s .  The  s t u d e n t  i s  s a i d  to be a p p r o a c h e d  in  th is  
f a s h i o n :  " Y o u ' r e  good in m a t h  and the s c i e n c e s ,  so f o r  the good of the 
Sta te  w e ' d  l ike  to have  you  a c c e p t  a s c h o l a r s h i p ,  wi th  a l l  e x p e n s e s  pa id ,  
at any university of your choice, in any subject in the sciences or tech- 
nologies of your choice. And if you do this, and if your grades are 
above /-and they furnish you with a leve~ you will then have employ- 
ment upon graduation at such-and-such a level. You will have addi- 
tional privileges of this, this, this, and this. " 

Now,  t h e s e  a r e  v e r y  e x t e n s i v e  f r i n g e  b e n e f i t s ,  f a r  b e y o n d  a n y t h i n g  
we o f f e r .  If the s t u d e n t  c h o o s e s  to s a y  "no"  and  that  he w a n t s  to go 
back  and w o r k  on the f a r m  wi th  h i s  f a t h e r ,  h e ' s  a l l o w e d  to do i t ,  
s t r a n g e l y  enough .  M o s t  A m e r i c a n s  w o n ' t  b e l i e v e  i t ,  but  he i s .  Bu t  
the d i f f e r e n c e  is  that  he d o e s n ' t  get  to a u n i v e r s i t y  and  he d o e s n ' t  ge t  
the b e n e f i t s .  So, o b v i o u s l y ,  h u m a n  n a t u r e  be ing  w h a t  i t  i s ,  and  the 
f a m i l y  l ink  in R u s s i a  not  be ing  a n y t h i n g  l ike  as  s t r o n g  as  i t  i s  h e r e ,  the 
bulk of t h e s e  s t u d e n t s  do go in to  t h e s e  d e s i r e d  a r e a s  of t e c h n i c a l  e d u c a -  
t ion,  fo r  the good of M o t h e r  R u s s i a .  

In th is  c o u n t r y  we d o n ' t  h a v e  a n y t h i n g  a p p r o a c h i n g  th i s  s y s t e m .  The  
p a r e n t s  o f ten  l e a v e  s u c h  q u e s t i o n s  to the s c h o o l s  and  the s c h o o l s  l e a v e  i t  
to the p a r e n t s .  The r e s u l t  i s  tha t  the s t u d e n t ,  as  he g r o w s  up,  m a y  bu i ld  
a s h e l l  a r o u n d  h i m s e l f .  He d o e s n ' t  d i s c u s s  h i s  f u t u r e  f r a n k l y  wi th  h i s  
p a r e n t s ,  o r  wha t  he  w a n t s  to do. If they  a sk  h i m  a q u e s t i o n ,  h e ' s  l i k e l y  
to s a y  he w a n t s  to be a s p a c e m a n  o r  s o m e t h i n g  l ike  tha t .  

The po in t  h e r e  is  that  we d o n ' t  c o n d i t i o n  o u r  c h i l d r e n  in to  t h ink ing  
in  t e r m s  of t h e i r  adu l thood .  We t r y  to p r e s e r v e  t h e m  as  c h i l d r e n .  
We p r o t e c t  t h e m .  We e v e n  d r i v e  t h e m  two b l o c k s  to s c h o o l ,  and  a l l  
tha t  k ind  of n o n s e n s e .  

T h a t ' s  b e c a u s e  w e ' r e  t r y i n g  to p r o t e c t  o u r  c h i l d r e n ,  an  e s s e n t i a l  
d i f f e r e n c e .  The r e s u l t  i s  tha t  the s c h o o l s  and  the p a r e n t - t e a c h e r  a s s o -  
c i a t i o n s  a r e  h u r l i n g  e p i t h e t s  at  e a c h  o t h e r  as  to who r e a l l y  is  s u p p o s e d  
to do wha t .  And out of th is  t h e r e  i s ,  b e c a u s e  of S p u t n i k - - a n d  I ' m  a l -  
m o s t  i n c l i n e d  to s ay  " T h a n k  God fo r  S p u t n i k " - - a  r e a l  look  a t  o u r  e d u c a -  
t i ona l  s y s t e m ,  w h i c h  is  go ing  to p r o d u c e  good.  I th ink we shou ld  t r y  
s o m e t h i n g  b e t w e e n  the R u s s i a n  s y s t e m  and ou r  p r e s e n t  one .  
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N o w ,  i f  I m a y ,  I ' d  l i k e  to  r e a d  s o m e t h i n g  a t  t h i s  p o i n t  t h a t  I h a d  
i n  m i n d .  T h i s  i s  f r o m  t h e  S o v i e t  A c a d e m y  o v e r s e a s - - i t  i n d i c a t e s  
t h e i r  r e s e a r c h  a n d  d e v e l o p m e n t  e f f o r t .  

"Soviet Russia's 250-year old Academy of Sciences has been inte- 
grating and directing the nation's entire research and development 
effort since 1920, keeping the programs in line with Soviet political 
objectives, according to Rear Admiral John E. Clark, Deputy Director 
of the Advanced Research Project Division. The Soviets, in rather 
marked contrast to the cultures of the West, regard the sciences as 
being fundamental rather than incidental to the entire cultural and so- 
cial life of the nation. " 

T h e r e ' s  t he  a n s w e r  to  o n e  q u e s t i o n .  He  s a y s :  

" I t  i s  i m p o r t a n t  f o r  u s  to u n d e r s t a n d  t h i s  f e a t u r e  i f  w e  a r e  to  u n d e r -  
s t a n d  w h e r e  a n d  h o w  r e s e a r c h  i s  b e i n g  d o n e ,  o r  w h e r e  i t  i s  g o i n g .  T h e  
R u s s i a n  A c a d e m y  i s  t he  l a r g e s t  s c i e n t i f i c  o r g a n i z a t i o n  in  t he  e n t i r e  
w o r l d ,  w i t h  a c o m b i n e d  s t a f f  a n d  m e m b e r s h i p  o f  m o r e  t h a n  20 ,  000 .  Of  
t h e s e ,  1 , 6 0 0  a r e  t e c h n i c a l  w o r k e r s  a n d  600 of  the  1 , 6 0 0  a r e  f u l l  p r o f e s -  
s o r s .  

" T e c h n o l o g y  a n d  s c i e n c e  in  w a r f a r e  h a v e  a d v a n c e d  s o  f a s t  a n d  f a r ,  
a n d  a r e  a d v a n c i n g  f a s t e r  a n d  f a r t h e r ,  s o  t h a t  i n  a n y  k i n d  of  w a r ,  be  i t  
l i m i t e d - - w h i c h  i s  f a r  m o r e  l i k e l y - - o r  a l l - o u t  n u c l e a r  w a r ,  t h a t  s i d e  
w i t h  t he  h i g h e s t  o r d e r  of  t e c h n o l o g y  a n d  s c i e n c e  o n  i t s  s i d e  w i l l  p r e v a i l ,  " 
A d m i r a l  C l a r k  s a y s .  T h a t ,  in  e f f e c t ,  w a s  t he  t h e m e  of  o u r  t a l k h e r e  t o d a y .  

Q U E S T I O N :  A s  I i n t e r p r e t e d  o n e  of  t h e  c h a r t s  y o u  h a d  h e r e ,  i t  
s h o w e d  t h a t  f o r  o n l y  3 p e r c e n t  o f  o u r  r e s e a r c h  d o l l a r s ,  o u r  u n i v e r s i t i e s  
a r e  r e s p o n s i b l e  f o r  6 p e r c e n t  o f  o u r  r e s e a r c h  e f f o r t .  T h i s  to m e  w o u l d  
i n d i c a t e  t h a t  w e  s h o u l d  p l a c e  m o r e  of  o u r  r e s e a r c h  r e s p o n s i b i l i t y  w i t h  
o u r  u n i v e r s i t i e s .  If  t h i s  i s  s o ,  c a n  t h e y  a s s u m e  t h i s  a d d e d  r e s e a r c h  
r o l e  w i t h o u t  t o o  m u c h  d e t r i m e n t  to  t h e i r  b a s i c  r e s p o n s i b i l i t y  f o r  e d u c a t i o n ?  

MR. W A R D :  W e l l ,  y o u r  q u e s t i o n  s h o w s  o n e  o f  t he  e r r o r s  of  m y  
p r e s e n t a t i o n .  I t ' s  a p e r f e c t l y  l o g i c a l  q u e s t i o n ,  b u t  t he  f a c t s  t h e m s e l v e s  
a r e n ' t  t r u e ,  f o r  t h i s  r e a s o n :  

W h i l e  t h e  u n i v e r s i t i e s  f u r n i s h  3 p e r c e n t  of  t he  d o l l a r s  a n d  do  6 p e r -  
c e n t  o f  t h e  w o r k ,  t he  o t h e r  3 p e r c e n t  of  t h e  w o r k  t h e y  do  i s  w i t h  s o m e -  
b o d y  e l s e ' s  d o l l a r s .  W h i c h  i s n ' t  a m e a s u r e  of  e f f i c i e n c y .  W h a t  i t  r e a l l y  
m e a n s  i s  t h a t  e v e n  h a r d - b o i l e d  i n d u s t r i a l  c o n c e r n s  d r a i n  o f f  s o m e  of  

53 



t h e i r  r e s e a r c h  d o l l a r  and  go to u n i v e r s i t i e s  to h i r e  P r o f e s s o r  X to do 
a job.  But  when  t hey  do, the funds  c o m e  f r o m  i n d u s t r y .  

The  G o v e r n m e n t  does  the s a m e  th ing.  T h e y  get  P r o f e s s o r  Y; and  
w h e n  they do, the funds  c o m e  f r o m  F e d e r a l  funds .  You m a y  r e m e m b e r  
the F e d e r a l  funds ,  d r o p p e d  a l l  the w a y  f r o m  abou t  30 p e r c e n t  to 15 p e r -  
c e n t  in  t e r m s  of w h a t  the G o v e r n m e n t  does  in  r e s e a r c h ,  o r  in  t e r m s  
of the m o n e y  i t  f u r n i s h e s .  And tha t  a d d i t i o n a l  m o n e y  f lows  in to  both 
i n d u s t r y  and  the c o l l e g e s .  

The  Off ice  of N a v a l  R e s e a r c h  w a s  a good e x a m p l e  of how G o v e r n -  
m e n t  m o n e y  f lowed  in to  tha t  3 p e r c e n t  pie  c h a r t .  I have  pie c h a r t s  
go ing  a l l  the w a y  back  to the end  of the w a r ,  and  they  have  c h a n g e d  s o m e  
d u r i n g  this  p e r i o d .  The Off ice  of N a v a l  R e s e a r c h  had  the m o s t  b r i l l i a n t  
i d e a  tha t  the D e f e n s e  E s t a b l i s h m e n t  has  e v e r  had  in  r e a c h i n g  f o r  the 
p r o b l e m  we d i s c u s s e d  h e r e  today .  T h e y  r e c o g n i z e d ,  as  V a n n e v a r  B u s h  
s a i d ,  that  we  w e r e  u s i n g  up f u n d a m e n t a l  r e s e a r c h ;  that  this  c o u n t r y  
d o e s n ' t  go in fo r  f u n d a m e n t a l  r e s e a r c h ,  as  they  do a b r o a d .  Tha t  w a s  a 
d e f i c i e n c y  in  the A m e r i c a n  s c e n e .  And so to e n c o u r a g e  it ,  t hey  p l a c e d  
r e s e a r c h  c o n t r a c t s  wi th  u n i v e r s i t i e s .  

But  s u c h  c o n t r a c t s  w e r e  a n a t h e m a  to c o n g r e s s i o n a l  i n v e s t i g a t o r s  
and  o t h e r  l o o k e r s - o v e r .  They  o b j e c t e d  b e c a u s e  the c o n t r a c t s  s a i d  to a 
u n i v e r s i t y  in  e f f ec t :  " H e r e  is  X d o l l a r s  fo r  you  to i n v e s t i g a t e  the p r o p -  
e r t i e s  of the r a r e  e a r t h s  (for  i n s t a n c e )  the c o n t r a c t s  d i d n ' t  s p e c i f y  tha t  
the u n i v e r s i t y  had  to t u r n  in a r e p o r t  wi th  a l l  the p r o p e r t i e s  du ly  s t a t e d  
o r  r i s k  f a i l u r e  of the c o n t r a c t ,  n o r  did i t  have  any  o t h e r  o n e r o u s  r e -  
q u i r e m e n t s .  The  u n i v e r s i t y  m e r e l y  r e c e i v e d  the m o n e y  and  w a s  told:  
" T h i s  i s  wha t  we  wan t  you  to w o r k  on. " And e v e n  tha t  r e q u i r e m e n t  w a s  
not  d e f i n e d  v e r y  c l o s e l y .  

H o w e v e r ,  this  c o n c e p t  of r e s e a r c h  c o n t r a c t s  s a v e d  m a n y  u n i v e r s i t y  
s t a f f s  a f t e r  W o r l d  W a r  H. Th i s  w a s  one of the m o s t  c o n s t r u c t i v e  and  
v i t a l  th ings  tha t  the D e f e n s e  D e p a r t m e n t  e v e r  did o u t s i d e  i t s  own f i e ld .  

Bu t  i t  w a s n ' t  too long  a f t e r w a r d  that  the c o n g r e s s i o n a l  l o o k e r s - o v e r  
found out tha t  th is  r e s e a r c h  m o n e y  w a s  not  f l o w i n g  to t h e i r  f a v o r i t e  
u n i v e r s i t i e s .  T h e n  they  b e g a n  to put  the s y s t e m  on the g r i l l ,  s a y i n g :  
*'Why look,  you  j u s t  o p e n e d  the F e d e r a l  t i l l  to t h e s e  l o n g - h a i r e d  p e o p l e .  
You d idn l t  t e l l  t h e m  wha t  to do. You  h a v e n ' t  m e a s u r e d  the r e s u l t s .  You 
h a v e n ' t  got  a r e p o r t .  You h a v e n ' t  got  a th ing  fo r  th i s  m o n e y .  W h e r e  i s  
the th ing  you  b o u g h t ? "  And d e p a r t m e n t s  l ike  the Off ice  of N a v a l  R e -  
s e a r c h  had  to b a c k - t r a c k  and  s w i t c h  f r o m  the f i e ld  of f u n d a m e n t a l  s c i e n c e  
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to the a p p l i e d  s c i e n c e s .  And the c o n t r a c t s  w e r e  t ied  up so the poo r  
r e s e a r c h e r s  had  to d e l i v e r  s o m e t h i n g  s p e c i f i c .  And w h e n  he did,  the 
e f f i c i e n c y  of that  r e s e a r c h  m o n e y  w a s  bad ly  h u r t ,  and i s  today.  

C A P T A I N  WRIGHT:  M r .  W a r d ,  on beha l f  of a l l  of us ,  w e ' d  l ike  
to thank  you v e r y  m u c h  fo r  c o m i n g  down this  m o r n i n g  and g iv ing  us a 
v e r y  w o n d e r f u l  ta lk  and an i n t e r e s t i n g  d i s c u s s i o n  p e r i o d .  Thank  you  
v e r y  m u c h .  

{15 A p r i l  1 9 5 9 - - 4 , 1 5 0 ) B / e n / b n  
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