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A D M I R A L  H A G U E :  O u r  s p e a k e r  t h i s  m o r n i n g ,  M r .  J .  C a r l t o n  W a r d ,  
J r . ,  i s  o n e  of  t h e  m o s t  v a l u e d  m e m b e r s  of  t he  B o a r d  of  A d v i s e r s  of  the  
c o l l e g e ,  f o r  the  s i m p l e  r e a s o n  t ha t  t he  C o m m a n d a n t  c a n  a l w a y s  d e p e n d  
u p o n  h i m  f o r  g o o d ,  s o u n d ,  c r i t i c a l  a d v i c e ,  b u t  no  o r c h i d s .  H e  i s  a m a n  
of  m a n y  g e n i u s e s - - e n g i n e e r ,  a u t h o r ,  e d u c a t o r ,  a n d  c o r p o r a t i o n  e x e c u t i v e .  
B e c a u s e  h e  h a s  d e m o n s t r a t e d a l l  o f  t h e s e  t a l e n t s  to  a r e m a r k a b l e  d e g r e e ,  
h e  h a s  b e e n  f r e q u e n t l y  c a l l e d  u p o n b y  t he  F e d e r a l  G o v e r n m e n t  to  e x e r c i s e  
t h e m  a s  a p u b l i c - s p i r i t e d  c i t i z e n ,  s e r v i n g  on v a r i o u s  b o a r d s  a n d  c o m -  
m i s s i o n s .  B u t  t h r o u g h  a l l  t h e s e  v a r i e d  e n d e a v o r s  of  M r .  W a r d ,  t h e r e  i s  
one  c o m m o n  d e n o m i n a t o r ;  t h a t  c o m m o n  d e n o m i n a t o r  i s  t e c h n o l o g y .  

I k n o w  of  no  one  b e t t e r  f i t t e d  to  g i v e  y o u  t h e  l e c t u r e  t h a t  y o u  a r e  
a b o u t  to  e n j o y  t h i s  m o r n i n g ,  on  " S c i e n c e  a n d  N a t i o n a l  P o w e r " .  W h e n  I 
w a s  d i s c u s s i n g  t h e  s u b j e c t  w i t h  M r .  W a r d  l a s t  n igh t ,  he  r e m a r k e d  o n  t he  
r i c h n e s s  of  t he  s u b j e c t .  A n d  i t  i s  r i c h .  b e c a u s e  in  e s s e n c e  i t  i s  a s u r v e y  
of  o u r  s c i e n t i f i c  r e s o u r c e s  a n d  b r a i n p o w e r ,  a s  c o n t r a s t e d  w i t h  t he  s c i e n -  
t i f i c  r e s o u r c e s  a n d  b r a i n p o w e r  of  t he  C o m m u n i s t  c o u n t r i e s .  

A n d ,  b e c a u s e  the  s u b j e c t  i s  s o  r i c h ,  a n d  b e c a u s e  y o u  a r e  g o i n g  to  
h a v e  s u c h  a r i c h  e x p e r i e n c e  l i s t e n i n g  to  M r .  W a r d ,  I a m  g o i n g  to  t a k e  
no t  one  s e c o n d  m o r e  of  h i s  t i m e .  I w i l l  s i m p l y  s a y  t h a t  I a m  m o s t  
p l e a s e d ,  d e l i g h t e d ,  a n d  p r o u d  to  i n t r o d u c e  to  t h i s  c l a s s  M r .  J .  C a r l t o n  

W a r d .  

M R .  W A R D :  T h a t  s u r e  p u t s  a f e l l o w  on t h e  s p o t ,  d o e s n ' t  i t ?  
I u n d e r s t a n d  t h i s  i s  t he  k i c k o f f  f o r  t h e  t e c h n o l o g i c a l  s e c t i o n  of  y o u r  c u r r i c -  
u l u m .  T h i s  i s  a g r e a t  c h a l l e n g e  f o r  m e ,  f o r  t h e r e  a r e  m a n y  m e n  in  t h i s  
a u d i e n c e ,  I a m  s u r e ,  to  w h o m  m u c h  of t h e  g r o u n d  I a m  g o i n g  to  c o v e r  w i l l  
b e  a s o r t  of  r e f r e s h m e n t  of  y o u r  o w n  i d e a s  a n d  t h i n k i n g ,  w i t h  p e r h a p s  
e v e n  a c h a l l e n g e  h e r e  a n d  t h e r e .  T h e r e  w i l l  b e  m a n y  o t h e r s  in  t h i s  g r o u p  
to  w h o m  p e r h a p s  f o c u s i n g  on  the  t e c h n o l o g i c a l  a s p e c t s  o f  t h i s  c u r r i c u l u m  
w i l l  b e  a n e w  e x p e r i e n c e .  So I a m  g o i n g  to  t r y  to  t a l k  a s  t h o u g h  w e  a r e  
a l l  a b o u t  to  e n j o y  a n e w  e x p e r i e n c e  t o g e t h e r .  I f i n d  t h a t  e a c h  t i m e  I t a k e  
t h i s  p o i n t  of  v i e w ,  i t  i s  v e r y  i n t e r e s t i n g  to  f i n d  t h a t  g o o d ,  o b j e c t i v e ,  n e w  
i d e a s  c r o p  u p  t h a t  w i l l  h e l p  to  r o u n d  ou t  a n  a p p r e c i a t i o n  of  t h i s  s t r a n g e  
d e v e l o p m e n t  of  m a n ' s  e v o l u t i o n a r y  u p g r a d i n g  a n d  h i s  a b i l i t y  to  m a s t e r  

t he  f o r c e s  of  n a t u r e .  



530 

T h e  s c o p e  of th i s  l e c t u r e  is  c o n s i d e r a b l e .  I t  r e a d s  as  fo l lows :  
" T h e  a c c o m p l i s h m e n t s  of r e s e a r c h  a s  shown  b y  s u c h  i l l u s t r a t i o n s  as  the 
c r e a t i o n  of a t o m i c  energy . .  How s c i e n c e  has  a f f e c t e d  the  c o n d u c t  of w a r .  
In  v i e w  of w o r l d w i d e  t e c h n o l o g i c a l  a d v a n c e s ,  i s  o u r  p o s i t i o n  b e c o m i n g  
s t r o n g e r  o r  w e a k e r ?  Is  t i m e  on o u r  s i d e ?  What: is  s c i e n c e  doing  to 
m a i n t a i n  the r e l a t i v e  p o s i t i o n  of s t r e n g t h  of the U n i t e d  S t a t e s  ? "  Al l  in  
one h o u r - - I  have  a g r e a t  dea l  to s a y  on th is  s u b j e c t ,  You wi l l  t h e r e f o r e  
p a r d o n  m e  i f  I m o v e  v e r y  r a p i d l y .  

"How s c i e n c e  has  a f f e c t e d  t he  c o n d u c t  of w a r "  i s  the. s e c o n d  h e a d i n g .  
But ,  b e f o r e  we r e a c h  that ,  we had  b e t t e r  de f ine  s c i e n c e .  T h i s  is  not  to 
be  found  in  an e n c y c l o p e d i a ;  bu t  to m e ,  and  I th ink  f o r  the p u r p o s e  of y o u r  
c o u r s e ,  s c i e n c e  i s ,  in e f f ec t ,  the b u s i n e s s  of m a s t e r i n g  the  r u l e s  of b e -  
h a v i o r  of m a n  wi th  h is  r e l a t i o n  to  the u n i v e r s e .  T h i n k  tha t  o v e r .  It  i n -  
c l u d e s  the  law of g r a v i t a t i o n ,  m a t h e m a t i c s ,  m i n e r a l  r e s o u r c e s ,  a n d  o t h e r  
t h i n g s - - e n e r g y ,  m a n ' s  c a p a c i t y  by  h i m s e l f ,  m a n  a s  p a r t  of h i s  o w n  e n -  
v i r o n m e n t ,  h i s  r e l a t i o n  to  his: f e l l ow  m e n .  

T h i s  de f i n i t i on  i s  v e r y  b r o a d .  How does  s c i e n c e  d i f f e r  f r o m  s o -  
c a l l e d  e d u c a t i o n  o r  a c a d e m i c  i n s t r u c t i o n ? - - s o m e t h i n g  f o r  w h i c h  you  f ind  
a p l e t h o r a  of n a m e s  It  d i f f e r s  e s s e n t i a l l y  in  one v e r y  i m p o r t a n t  and  
s o m e w h a t  s u b t l e  p r i n c i p l e  wh ich  you  had b e t t e r  th ink  of y o u r s e l f .  E s s e n -  
t i a l ly ,  s c i e n c e  is  tha t  on ly  b r a n c h  of a l l  l e a r n i n g  in  w h i c h  you  c a n  put 
q u a n t a t i v e  e v a l u a t i o n s  on y o u r  c o n c l u s i o n s .  

I a m  s u r e  t he  s o c i a l  s c i e n c e s  wi l l  r a i s e  t h e i r  h e a d s ,  but  t h e y  a r e  
not  r e a l l y  s c i e n c e s .  T h e y  a r e  u n o r g a n i z e d ,  i n c o m m e n s u r a t e  m a t e r i a l  
t r e a t e d  s c i e n t i f i c a l l y .  T h e y  a r e  p s e u d o  s c i e n c e s ;  t h e y  a r e  q u a s i  s c i e n c e s .  
In o t h e r  w o r d s ,  m a n  has  l e a r n e d  tha t  the  va lue  of the  s c i e n t i f i c  a p p r o a c h  
is  so g r e a t  in the  e v a l u a t i o n  of h is  p r o b l e m s  tha t  he h a s  u s e d  the t e c h -  
n i q u e s  of s c i e n c e  f o r  e x p l o r i n g  u n s c i e n t i f i c  b o d i e s  of m a t e r i a l .  

Th ink ,  f o r  i n s t a n c e ,  of m i l i t a r y  s c i e n c e .  I s  i t  a s c i e n c e ?  I don ' t  
t h ink  so .  I t  i s  an  a r t - - t h e  a r t  of w a r .  M i B t a r y  s c i e n c e  i s  the  a t t e m p t  
t o  s e a r c h  out  the  b r o a d  s c i e n t i f i c  m e t h o d s  and  p r i n c i p l e s  u n d e r l y i n g  the  
c o n d u c t  of w a r  a n d  to t r e a t  t h e m  s c i e n t i f i c a l l y .  

How m a n y  t h e a t e r  c o m m a n d e r s  th ink of t h e m s e l v e s  a s  s c i e n t i s t s ?  
V e r y  f ew,  I s u s p e c t .  But  t h e y  a r e  a r t i s t s ,  not  to pa in t  a p i c t u r e ,  no t  to  
w r i t e  a book;  bu t  t h e y  u s e  t h o s e  i n tu i t i ve  p r o c e s s e s  tha t  d i f f e r e n t i a t e  an  
a r t  f r o m  a s c i e n c e ,  in i n t e r p r e t i n g  t h e i r  p e r s o n a l  e x p e r i e n c e ;  a n d  tha t  
f a c t o r  of e x p e r i e n c e  wh ich  d i s t i n g u i s h e s  m a n  f r o m  al l  o t h e r  a n i m a l s - -  
h i s  a b i l i t y  to l e a r n  what  h i s  p r e d e c e s s o r s  have  l e a rnec~  by  s p e e c h ,  by  
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w r i t t e n  r e c o r d .  T h i s  c a n n o t  b e  s a i d  of  tha t  s t r a n g e  s t i l l  un lmown b i o -  
l o g i c a l  p r i n c i p l e  c a l l e d  i n s t i n c t .  I t  i s  a c o n s c i o u s  p r o c e s s .  I t  i s  a 

m e n t a l  p r o c e s s .  

So the  m i l i t a r y  c o m m a n d e r  i s  a s s e s s i n g  the  s i t u a t i o n  a t t e m p t s  to  
u s e  s u c h  th ings  a s  n u m b e r  of  t r o o p s  a s  a s c i e n t i f i c  a p p r o a c h .  Bu t  l e t  
m e  s h o w  y o u  the  f a l l a c y  of tha t .  I a m  go ing  to  t ake  a s  a c o m p a r a b l e  e x -  
a m p l e  the  a m o u n t  of  h o r s e p o w e r  in a p o w e r  p l an t .  One h o r s e p o w e r  i s  
the  s a m e  in J a p a n  and  China ,  the  s a m e  nex t  y e a r  a s  l a s t  y e a r .  Who i s  
to s a y  tha t  one  e l e m e n t ,  one  m e m b e r  of  the  p e r s o n n e l  of a c o m b a t  t e a m ,  
i s  the e q u i v a l e n t  i d e n t i c a l l y  to  a l l  the  o t h e r  m e m b e r s  of the  c o m b a t  t e a m ?  
I s  the  c r i p p l e ,  the  m e n t a l  i n f e r i o r ,  the  m a n  w i th  a low I. Q. - -  one  uni t  
of  the  p o p u l a t i o n  to  b e  s u r e - - e q u i v a l e n t  to  an  E i s e n h o w e r ?  Y e t  t h e y  a r e  
b o t h  r e p r e s e n t e d  on the  c h a r t  a s  one un i t  of p o p u l a t i o n .  

N o w  y o u  s e e  the  d i f f e r n c e  b e t w e e n  an  a t t e m p t  to  a p p l y  s c i e n t i f i c a l l y  
the  r e g i m e  of  s t a t i s t i c a l  app~roach to  an  i n c o m m e n s u r a t e  b o d y  of  k n o w l -  
edge  a n d  a t r u e  s c i e n c e .  S ince  I c a n ' t  dwe l l  on th i s  poin t ,  I wan t  to  l e a v e  
t h i s  t hough t  wi th  you :  Wha t  d i f f e r e n t i a t e s  s c i e n c e  f r o m  o t h e r  b o d i e s  of 
k n o w l e d g e ?  What  d i f f e r e n t i a t e s  the  s c i e n t i f i c  a p p r o a c h  f r o m  o t h e r  

a p p r o a c h e s  to  k n o w l e d g e  ? 

Y o u  a r e  a l l  f a m i l i a r  w i th  tha t  o ld  c l a s s i c  r e f e r r e d  to  b y  e c o n o m i c s  
o r  e c o n o m i s t s  a s  the  l aw  of s u p p l y  and  d e m a n d .  You  a r e  f u l l y  a c q u a i n t e d  
w i t h  the  f a c t  tha t  " l a w "  w a s  t h e o r e t i c a l l y  a b r o g a t e d - - w i p e d  out ,  n u l l i f i e d ,  
v i l l i f i e d - - d u r i n g  an  a d m i n i s t r a t i o n  o f  o u r  G o v e r n m e n t .  I t  w a s  s a i d  b y  a l l  
the  e c o n o m i s t s  who  a d v i s e d  o u r  G o v e r n m e n t  t hen  tha t  t h i s  w a s  an e a r l y  
c o n c e p t  of  e c o n o m i c s  w h i c h  no l o n g e r  a p p l i e d .  I t  i s  i n t e r e s t i n g  to  no te  
tha t  the  s w i n g i n  s c i e n c e  a n d  e c o n o m i c s  t o d a y  i s  to  " r e - a d o p t "  tha t  l a w  of 
s u p p l y  a n d  d e m a n d ,  w h i c h  i s  no t  a l a w  at  a l l ,  bu t  a f u n d a m e n t a l  p h e n o m e -  

non of  e c o n o m i c s .  

Y o u  d o n ' t  f oo l  tha t  w a y  wi th  the  s o - c a l l e d  l aw  of  g r a v i t a t i o n .  If  you 
w a n t  to  t e s t  tha t ,  j u s t  j u m p  off  the  E m p i r e  S ta t e  B u i l d i n g  a n y  d a y  of the  
w e e k .  So you  s e e  the  d i f f e r e n c e  b e t w e e n  a s o , c a l l e d  law in a b o d y  of  
k n o w l e d g e  l ike  a s o c i a l  s c i e n c e  a s  c o m p a r e d  w i th  a l aw  in the  a b s o l u t e  

f u n d a m e n t a l  p h y s i c a l  s c i e n c e s .  

T h i s  i s  y o u r  i n t r o d u c t i o n ,  then .  I t  i s  not  the  m a n n e r  tha t  I w o u l d  
a d o p t  w e r e  I p a r t  of y o u r  a p p r o a c h  to  t h i s  s e c t i o n  of y o u r  c u r r i c u l u m .  
And  y e t  you  w i l l  f ind  in  m a n y  of the  f a c t s  to b e  r e v e a l e d  in  th i s  s e c t i o n  
tha t  y o u  w i l l  b e  t r e a t i n g  wi th  i n c o m m e n s u r a t e  u n i t s - - l i k e  the  s t a n d a r d  
d o l l a r ,  o r  a un i t  of  p o p u l a t i o n .  I w i l l  p r o d u c e  s o m e  t o d a y  f o r  you .  
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But  in  the  t e r m s  tha t  you  wi l l  i n t e r p r e t  on s o m e  of the  c h a r t s  tha t  
fo l low,  you  m u s t  r e a l i z e  tha t  a un i t  of p o p u l a t i o n  in  Ch ina  i s  in  no s e n s e  • 
of  t h e  s a m e  o r d e r  of m a g n i t u d e  in  c e r t a i n  r e s p e c t s  as  a un i t  of  p o p u l a t i o n  
in  an  a d v a n c e d ,  m e c h a n i c a l ,  t e c h n o l o g i c a l ,  s c i e n t i f i c  c o u n t r y  s u c h  as  
o u r s .  A n d  y e t  in  y o u r  s t u d y  of the  p r o b l e m s  of m a n p o w e r  a n d  t h e  l ike  
you  m u s t  t r e a t  t h e m  a s  p e o p l e .  A n d  in  o t h e r  f i e l d s  who i s  to s a y  tha t  in  
the  e y e s  of the  C r e a t o r  t h e y  a r e  a l l  e q u a l ?  We a r e  not  a l l  equa l .  But  
we a r e  dwe l l i ng  on s c i e n c e  and  th i s  i s  t e c h n o l o g y .  

Now, wha t  about  e n g i n e e r i n g ?  By  no s t r e t c h  of the i m a g i n a t i o n  i s  
e n g i n e e r i n g  a s c i e n c e .  I t  i s  an  i n t u i t i v e  a r t ,  T h i s  is  what  d i f f e r e n t i -  
a t e s  i t  f r o m  a s c i e n c e .  You m i l i t a r y  m e n  who m u s t  d e a l  wi th  e n g i n e e r s  
a n d  s c i e n t i s t s  m u s t  not  c o n f u s e  t h e s e  two c o n c e p t s  . 

What  the  s c i e n t i s t  does  in  a p p r o a c h i n g  an  a p p l i c a t i o n  of a s c i e n t i f i c  
p r i n c i p l e  is  s o m e t i m e s  s t r a n g e .  T h i s  is  a f i e l d  of e n g i n e e r i n g ,  a n d  
s c i e n t i s t s ,  in  a t t e m p t i n g  at  t i m e s  to c a r r y  t h e i r  i d e a s  in to  the  a p p l i c a -  
t ion  s t a g e ,  u s e  s t r a n g e  t e c h n i u q e s .  I wi l l  i l l u s t r a t e .  

When  we u n d e r t o o k  the p r o j e c t  f o r  the  n u c l e a r  p r o p u l s i o n  of a i r -  
c r a f t ,  the s c i e n t i s t s  f r a n k l y  l o o k e d  down on a l l  of  us  e n g i n e e r s  a n d  w e r e  
s u p p o r t e d  in t h a t  by  the  s e r v i c e s .  We w e r e  not  c o n s i d e r e d  m e m b e r s  o f  
the t e a m .  T h e r e  w e r e  not  enough  d o c t o r s  in  Our g r o u p .  I do not  b l a m e  
t h e m .  N e v e r t h e l e s s ,  t h i s  was  a c r i t i c i s m  tha t  n e a r l y  did a w a y  wi th  the  
e n t i r e  p r o j e c t .  We a s  e n g i n e e r s  a t t e m p t e d  to f ind  a m e t h o d  of a p p r o a c h  
to t h e  s o l u t i o n  of  th i s  p r o b l e m ,  wh ich  the s c i e n t i s t s  h a d  d e c l a r e d  to  be  
not  f e a s i b l e  in  the  publ ic  r e c o r d s  and  s e c r e t  d o c u m e n t s .  Who w e r e  we,  
the  new f e l l o w s  in  the  s c h o o l y a r d ,  to p r o v e  t h e m  w r o n g ?  H i s t o r y  r e -  
c o r d s  tha t  we did. H i s t o r y  r e c o r d s  tha t  t h e y  w e r e  w r o n g .  

In  a t t a c k i n g  the  a p p l i c a t i o n  of the  n u c l e a r  p r o p u l s i o n  of a i r p l a n e s  
we did not  a t e t m p t  the  s c i e n t i f i c  a p p r o a c h .  The  s c i e n t i s t s  s a i d  f r a n k l y :  
" Y o u r  p o w e r p l a n t  wi l l  d i f f e r  f r o m  a l l  the  o t h e r  r e a c t o r s ,  a l l  the  o t h e r  
n u c l e a r  p o w e r  a p p l i c a t i o n s .  You m u s t  c a r r y  i t  on an a i r p l a n e .  I t  m u s t  
be  s m a l l  and  c o m p a c t .  You m u s t  p r o t e c t  y o u r  c r e w .  By  doing  so you  wi l l  
r e q u i r e  a d i f f e r e n t  e n e r g y  l e v e l  in  the  t h e r m a l  n e u t r o n s  o r  n e u t r o n  v e l o -  
c i t i e s  to m a k e  y o u r  p o w e r p l a n t  w o r k .  " We did not  have  the  s c i e n t i f i c  
da ta  a s  to the  b e h a v i o r  of m a t e r i a l s  u n d e r  t h o s e  c r i t i c a l  v e l o c i t y  l e v e l s .  
T h e r e f o r e  the  s c i e n t i s t s  s a id :  "You m u s t  not  t a c k l e  th i s  p r o b l e m  un t i l  
we have  c o m p l e t e l y  e x p l o r e d  a l l  c r o s s  s e c t i o n s " - - a  t e c h n i c a l  t e r m - -  
"a l l  the  s c a t t e r e d  c r o s s  s e c t i o n s  of a l l  the  m a t e r i a l s  t h a t  you  m i g h t  u s e  
in  s u c h  a r e a c t o r .  " 
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T h i s  was  l ike  s a y i n g  tha t  you  c a n n o t  s p e n d  t i m e  in  c o m p u t a t i o n s  
u n t i l  y o u r  c o m p l e t e  book  of l o g a r i t h m s  h a s  b e e n  c a l c u l a t e d  to X p l a c e s .  
I t  was  ju s t  a s  s i l l y  a s  tha t .  So the  e n g i n e e r s  w e n t  to  w o r k  and  p i c k e d  

l !  

out  wha t  a r e  c a l l e d  in  e n g i n e e r i n g  t e r m s  " o p t i m u m  a r e a s .  T h e r e  a r e  
so  m a n y  p a r a m e t e r s  in  the s c i e n t i f i c  d e s i g n  of an  a t o m i c  p o w e r p l a n t  t ha t  
we h a d  to s k e t c h  out wha t  h a p p e n s  w h e n  e a c h  one of t h e s e  i m p o r t a n t  c o n -  
s i d e r a t i o n s  v a r i e s  f r o m  z e r o  to i n f i n i t y .  T h a t  i s  the  s c i e n t i f i c  a p p r o a c h  

also. 

We found  tha t  at i n f i n i t y  the  th ing  was  a b s u r d ,  and  tha t  a t  z e r o  the 
th ing  was  a b s u r d .  S o w e  d idn ' t  i n v e s t i g a t e  t h o s e .  As you  w e n t  i n w a r d  
f r o m  tha t ,  you  found  o p t i m u m  a r e a s  w h e r e  the  th ing  b e g a n  to l ook  p r a c -  
t i c a l  f o r  the  p r o p u l s i o n  of an  a i r p l a n e .  Out  of tha t  c o n s i d e r a t i o n  a who le  
s e r i e s  of c h a r t s  w e r e  d r a w n ,  w h i c h  a l i g n e d  the  whole  t e s t .  T h e n  you  
w e r e  f i gh t i ng  on c o m m o n  g r o u n d  in  all of t h e m .  W h e n  you  have  a m a j o r  
job of s c i e n c e ,  i t  c a n  be  i n f i n i t e l y  s i m p l e r  and  s m a l l e r  t h a n  the  e n g i n e e r -  

ing c o n c e p t i o n  of how to so lve  tha t  p r o b l e m .  

I u s e  th i s  i l l u s t r a t i o n  b e c a u s e  I do not  b e l i e v e  I h a v e  to t e l l  you  tha t  
to know t h e r e  i s  a d i f f e r e n c e  b e t w e e n  e n g i n e e r i n g  and  s c i e n c e  i s  n e a r l y  
as  i m p o r t a n t  as to  u n d e r s t a n d  what  the  d i f f e r e n c e  i s .  I wilL1 give you  

a n o t h e r  i l l u s t r a t i o n .  

T h e  M a n h a t t a n  D i s t r i c t  w a s  not  going  w e l l b e c a u s e  s c i e n t i s t s  w e r e  
t r y i n g  to be  e n g i n e e r s .  So e n g i n e e r s  w e r e  i m p o r t e d  in to  the  p r o j e c t  
f a i r l y  e a r l y .  T h e  s c i e n t i s t s  did not  f e e l  t ha t  t h e y  knew e n o u g h  t o  f ind  a 
m e d i u m  of e x c h a n g e  a n d  c o m m u n i c a t i o n  on  a p r o p e r  l e v e l .  So two 

s c h o o l  t i e s  f l o u r i s h e d .  

T h e  r e s u l t  w a s  tha t  the  p e o p l e  r e s p o n s i b l e  f o r  the  p r o j e c t  b e c a m e  
s e r i o u s l y  c o n c e r n e d  and  a s k e d :  "How do you  b r i n g  t h e s e  two g r o u p s  
t o g e t h e r ?  T h e  s c i e n t i s t  t h inks  he  knows  all  about  the  s u b j e c t ,  b e c a u s e  
i t  i s  a new s c i e n c e .  T h e  e n g i n e e r  knows  no th ing  abou t  i t ,  b e c a u s e  he  
h a s n ' t  s t u d i e d  i t .  T h e r e f o r e  t h e y  h a v e  to c a r r y  the  p r o b l e m  in to  the  
e n g i n e e r i n g  p h a s e ,  T h e  e n g i n e e r s  s a y  tha t  w h e n  t h e y  do so,  the  r e s u l t s  
a r e  r e a l l y  u n f o r t u n a t e .  T h e y  n e v e r  get  a n y w h e r e . "  

So t h e y  t r i e d  to f ind  a m i d w i f e .  T h e y  t r i e d  f i r s t  to e d u c a t e  the  
s c i e n t i s t s  in to  b e i n g  e n g i n e e r s .  But  the  s c i e n t i s t s  w e r e  t r u e  to t h e i r  
c r a f t .  E n g i n e e r s  t a k e  L ibe r t i e s  wi th  da ta .  S c i e n t i s t s  do not  t a k e  l i b e r -  
t i e s  wi th  da t a .  T h e y  c o u l d n ' t  b r i n g  t h e m s e l v e s  to i t .  T h e y  w e r e  t r u e  
to t h e i r  c r a f t .  G e n t l e m e n ,  it  d idn ' t  work~ 
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T h e n  t h e y  t r i e d  to m a k e  s c i e n t i s t s  out  of  the  e n g i n e e r s .  T i m e  de -  
f e a t e d  t h e m ,  b e c a u s e  the e n g i n e e r ,  a c c u s t o m e d  to t ak ing  L i b e r t i e s ,  w a s  
not  ab le  to t ake  L i b e r t i e s  in tha t  f i e ld .  

So then  t h e y  s a i d :  "We have  to f ind  s o m e  s t r a n g e  c r e a t u r e  in b e t w e e n  
t h e s e  two~ We a r e  going to have  to  f ind  s o m e o n e  wi th  the  v a l e n c e  of  a 
s c i e n t i s t  and a l s o  the v a l e n c e  of an e n g i n e e r - - a  c o m p o u n d .  " 

T h e y  s e a r c h e d  the r e s e a r c h  l a b o r a t o r i e s ,  b e c a u s e  i t  w a s  s a id ,  
" H e r e  a r e  e n g i n e e r s  w o r k i n g  in a f i e l d  of s c i e n c e .  " T h e y  w e n t  out  and 
t r i e d  to c a t c h  t h e m  young,  so  t h e y  c o u l d  g r o w  in  t h i s  f i e l d .  T h e y  wen t  
to  one l a b o r a t o r y  and  sa id :  " H a v e  y o u  got  s o m e  y o u n g  m e n  who a r e  e n -  
g i n e e r s ,  who  p e r h a p s  took  a m a s t e r ' s  d e g r e e ,  who  h a v e  a f l a i r  f o r  
s c i e n c e ,  and  who a r e  not  too  o l d ? "  T h e y  found  a f ew  and  s e n t  t h e m  out  
to  A r g o n n e ,  w h e r e  t h e y  w e r e  to b e  h i r e d ,  in the hope  tha t  t h e y  wou ld  be  
the m i d w i v e s .  

One of  t h e s e  c h a p s  t o ld  m e  a s t o r y .  I t  s e e m s  tha t  w h e n  he a r r i v e d  
out  t h e r e ,  a t i r e d  s c i e n t i s t  gave  h i m  an i n t e r v i e w .  He u s e d  an M - p l u s -  
1 - p a g e  q u e s t i o n n a i r e .  At the  end  it  sa id ,  " W h a t  a r e  y o u r  h o b b i e s ? "  
He  though t  tha t  w a s  s i m p l y  an i n c o n s e q u e n t i a l  q u e s t i o n ;  so  he thought ,  
" H e r e  g o e s .  " He sa id :  "I l ike  to go up in Z e r o s .  I l ike  to  sk i ,  to c a m p  
out,  to f i sh .  " The  s c i e n t i s t  w e n t  o v e r  a l l  the t h ings  he l i k e d  to  do a n d  
w r o t e  t h e m  down wi thou t  a s p e c k  of  i n t e r e s t .  But  t hen  the s c i e n t i s t  s a id ,  
" Is  tha t  a l l ? "  T h e  c h a p  sa id :  " T o  be  v e r y  t r u th fu l ,  a l t h o u g h  i t  i s  not  
i m p o r t a n t ,  I a m  a l s o  a m e m b e r  of  the  S o c i e t y  of  M a g i c i a n s .  " The  s c i e n -  
t i s t  j u m p e d  out  of  h i s  c h a i r  and sa id ,  "Boy ,  you  a r e  in.  T h a t  i s  wha t  we  
n e e d .  " Enough ,  then,  f o r  the  d i f f e r e n c e  b e t w e e n  t e c h n o l o g y  and  s c i e n c e .  

S c i e n c e  a s  a t e c h n i q u e  in a d v a n c i n g  k n o w l e d g e  i s  qu i te  i m p r e s s i v e .  
I t  c an  b e  d i v i d e d  in to  two f u n d a m e n t a l  a s p e c t s .  One i s  m a n ' s  p r o c e s s  of  
e x t r a p o l a t i o n  in h i s  th ink ing  to  a r r i v e  a t  a new c o n c l u s i o n .  It  i s  t r u e ?  
I s  i t  not  t r u e ?  M a n y  e x t r a p o l a t i o n s  p r o v e  qu i te  m i s l e a d i n g .  

Wel l ,  how do y o u  p r o v e  i t ?  You p r o v e  i t  b y  s c i e n t i f i c  e x p e r i m e n t a -  
t i on  and  v e r i f i c a t i o n .  T h i s  i s  wha t  s e p a r a t e s  s c i e n c e  f r o m  p r a c t i c a l l y  
a l l  o t h e r  b o d i e s  of  k n o w l e d g e .  O n c e  you  have  c o n c l u d e d  tha t  the  b e h a v i o r  
u n d e r  a c e r t a i n  l aw i s  s o - a n d - s o ,  you  c a n  s e t  up an  e x p e r i m e n t  in y o u r  
l a b o r a t o r y ;  and, i f  i t  i s  w e l l  done ,  i t  t u r n s  out  to be  s o - a n d - s o  o r  s u c h -  
a n d - s u c h .  A n d  f r o m  tha t  y o u  e x p a n d  w i th  k n o w l e d g e  y o u r  b o u n d a r y  of  
s c i e n c e .  If  the t h e o r y  i s  p r o v e n  w r o n g ,  you  s e t  out to f ind  a t h e o r y  tha t  
e x p l a i n s  the  w r o n g  b e h a v i o r .  T h i s  i s  an  i m p o r t a n t  l ink  in the  s c i e n t i f i c  
p r o c e d u r e .  
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Y o u  c a n ' t  do th i s  in the  s o c i a l  s c i e n c e s .  I w i l l  p i c k  on e c o n o m i c s  
a s  a s o c i a l  s c i e n c e .  You  c a n ' t  f ind  out  how m u c h  the a v e r a g e  m a n  e a t s ,  
a l t h o u g h  y o u  c a n  c o m p u t e  i t .  You  c a n ' t  f i nd  the a v e r a g e  m a n .  He 
d o e s n ' t  e x i s t .  He  i s  a s t a t i s t i c a l  m y t h .  And y e t  y o u  dea l  w i th  how m u c h  
the  a v e r a g e  m a n  e a t s ,  how m u c h  the a v e r a g e  s o l d i e r  o r  s a i l o r  o r  a i r m a n  
e a t s .  A n d  y o u  c o m p u t e  y o u r  l o g i s t i c  t a b l e s  on th i s  m a n .  Bu t  you  d o n ' t  
know how m u c h  g o e s  in to  the  g a r b a g e  can .  You  c a n  c o m p u t e  how m a n y  
t i m e s  a d a y  the f e l l o w  c a n  e a t  b e a n s ,  bu t  you  know tha t  p e o p l e  d o n ' t  r e -  
a c t  to  b e a n s  i n d e f i n i t e l y .  You  h a v e  y o u r  p r o b l e m s .  T h i s  ,doesn ' t  o c c u r  
in  s c i e n c e .  So t h e r e  a r e  no s i m i l a r  t e c h n i q u e s  of v e r i f i c a t i o n .  T h e y  
a r e  a l l  a p p r o x i m a t i o n s ,  and  t h e y  a r e  not  of  the  f i r s t  o r d e r ,  l ike  the  
a p p r o x i m a t i o n s  tha t  we  h a v e  in m a t h e m a t i c s .  T h e y  a r e  v e r y  c r u d e  

a p p r o x i m a t i o n s .  

Wha t  i s  the  r e l a t i o n  of a l l  t h i s  to the  m i l i t a r y ?  T h a t  i s  the  a r e a  w i th  
w h i c h  y o u  s h o u l d  b e  m o s t  c o n c e r n e d .  F o r  the  p u r p o s e s  of  t oday ,  I w i l l  
d iv ide  th i s  in to  f ive  a r e a s  of  f u n c t i o n .  The  f i r s t  of  t h e s e  i s  the r e s e a r c h  

p h a s e .  

G e n t l e m e n ,  the  r e s e a r c h  p h a s e  i s  s o  c o m p l e x  tha t  a w h o l e  t a l k  
c o u l d  b e  g i v e n  on it .  You  know the  d i f f e r e n c e  b e t w e e n  f u n d a m e n t a l ,  
b a s i c ,  a n d  a p p l i e d  r e s e a r c h ,  a n d  so  on. So we  w i l l  c a l l  t h i s  the  r e s e a r c h  

p h a s e .  

T h e n  f o l l o w s  the  d e v e l o p m e n t  p h a s e .  T h a t  i s  w h e r e  y o u r  p a r t i c u l a r  
e n g i n e e r  g e t s  h i s  b o o k s  of  s c i e n t i f i c  i n f o r m a t i o n  and  s t a r t s  to  f a s h i o n  
t h e m  in to  s o m e t h i n g  tha t  w i l l  d e o m o n t r a t e  the  p r i n c i p l e s .  

A f t e r  y o u  h a v e  done  tha t ,  b y  a v e r y  c o m p l e x  s e r i e s  of  c o n s i d e r a t i o n s  
y o u  a r r i v e  a t  the  p r o d u c t i o n  p h a s e .  T h a t  i s  s t r i c t l y  e n g i n e e r i n g .  I 
w o u l d  l ike  to  s t r e s s ,  t h e r e f o r e ,  the  f a c t  tha t  i t  i s  a l s o  A m e r i c a ' s  d e f e n s e .  
T h i s  i s  w h e r e  we  h a v e  o u r  g r e a t  n a t i o n a l  a d v a n t a g e  in  p r o d u c t i o n .  I t  i s  
the  on ly  a r e a  w h e r e  w e  c a n  s a f e l y  c h a l l e n g e  o t h e r  c o u n t r i e s .  M a s s  p r o -  
d u c t i o n  w a s  i n v e n t e d  in  the  U n i t e d  S t a t e s  and  i t  i s  the  g r e a t e s t  s i n g i e  
a d v a n t a g e  tha t  we  h a v e  in  m i n i m i z i n g  the  e c o n o m i c  b u i l d u p  in  o t h e r  
c o u n t r i e s .  We a r e  s t i l l  m a s t e r s  of  i%. 

T h e  n e x t  p h a s e  i s  e v a l u a t i o n ,  w h i c h  i s  a m i l i t a r y  f u n c t i o n .  I do no t  
a d v i s e  the m i l i t a r y  to  i n t e r f e r e  t oo  m u c h  in  t h e s e  e a r l i e r  f u n c t i o n s ,  a l -  
t hough  the  t e n d e n c y  i s  to  do j u s t  tha t ,  b e c a u s e  you  f u r n i s h  the  m o n e y  
and y o u  a l s o  w r i t e  the  s c o p e  of  the  p r o b l e m .  So you  t e l l  the  o t h e r  f e l l o w s  
wha t  to  do.  Of  c o u r s e  y o u  g i v e n  t h e m  the m e a n s  of  do ing  it ,  a n d  the in -  
c l i n a t i o n  i s  to t e l l  t h e m  h ow to do i t .  G e n t l e m e n ,  tha t  i s  f a t a l .  Bu t  the  
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e v a l u a t i o n  p h a s e  f e e d s  b a c k  i n t o  t h e  s o l u t i o n  of  t h e  p r o b l e m  t h e  n e c e s -  
s a r y  i n f o r m a t i o n  to  r e s t o r e  t h e  e x t r a p o l a t i o n s  o f  t h e  e n g i n e e r  to  t he  t r u e  
c u r v e  of  b e h a v i o r  of  w h a t e v e r  y o u  a r e  t r y i n g  to  do .  

T h e n  t h e r e  i s  t he  l a s t  p h a s e ,  t h a t  o f  m o d i f i c a t i o n  t h r o u g h  m i l i t a r y  
u s e ;  t h i s  i s  t he  m o s t  i m p o r t a n t .  Of  w h a t  u s e  i s  a w o n d e r f u l  f l y i n g  a i r -  
p l a n e  i f  i t  f a i l s  t o  a c c o m p l i s h  a u s e f u l  m i l i t a r y  m i s s i o n ?  T h a t  i s  w h e r e  
y o u  a r e  s u p r e m e ,  j u s t  a s  y o u  a r e  in  t he  e v a l u a t i o n a n d  t h e  w r i t i n g  o f  t he  
s c o p e  of  t h e  p r o b l e m .  

So  m u c h  t h e n  f o r  t he  r e l a t i o n  of  t e c h n o l o g y  a n d  s c i e n c e  to  t he  
m i l i t a r y ,  I h o p e  t ha t  y o u  g e n t l e m e n  w i l l  a d o p t  t ha t ,  s o  t h a t  w h e n  y o u  g e t  
i n t o  p o s i t i o n s  of  a u t h o r i t y ,  y o u  c a n  d i r e c t  y o u r  y o u n g e r  m e n - - t h o s e  w h o  
t e n d  to  f o l l o w  t h e  w r i t t e n  h a n d b o o k s  a n d  t e n d  to  t e l l  t h e  e n g i n e e r  he  c a n -  
no t  u s e  t h i s  s t e e l  o.I" t h a t  m a t e r i a l  o r  s u b s t i t u t e  s o - a n d - s o  f o r  s u c h - a n d -  
s u c h .  I h o p e  y o u  w i l l  s e e  t h a t  t h e r e  i s  a p r o p e r  d i f f e r e n t i a t i o n  of  r e s p o n -  
s i b i l i t y .  J u s t  d o n ' t  f o r g e t  t h a t  w h e n  y o u  a r e  t e l l i n g  a f e l l o w  w h a t  t o  do .  
Y o u  a r e  r e s p o n s i b l e  f o r  t he  r e s u l t  a n d  no t  he ,  a l t h o u g h  I a m  s u r e  y o u  
w i l l  h a v e  b e e n  r e l i e v e d  of  y o u r  p a r t i c u l a r  c o m m a n d  a t  t h a t  p o i n t  a n d  t h e r e  
w i l l  b e  a n e w  m a n  c o m e  in  w h o  d o e s n ' t  k n o w  w h a t  i t  i s  a l l  a b o u t .  

I a m  t o l d  n e x t  to  c o v e r  t h e  e f f e c t  of  s c i e n c e  on  t h e  c o n d u c t  of  w a r .  
I c o n s i d e r  t h i s  a l i t t l e  p r e s u m p t u o u s .  YOU g e n t l e m e n  h a v e  s t u d i e d  m i l i -  
t a r y  h i s t o r y .  Y o u k n o w  w h a t  A r c h i m e d e s  d i d  w i t h  h i s  p i t c h  p o t s .  Y o u  
k n o w  h o w  the  f i r s t  f e l l o w  t r y i n g  to  s c a l e  a c a s t l e  w a l l  m u s t  h a v e  f e l t  w h e n  
the  b o i l i n g  o i l  t r i c k l e d  d o w n  h i s  s p i n e .  Y o u  k n o w  w h a t  h a p p e n e d  w h e n  t he  
b o w  a n d  a r r o w  w a s  b r o u g h t  i n to  b a t t l e  f o r  the  f i r s t  t i m e .  Y o u  k n o w  w h a t  
h a p p e n e d  w h e n  g u n p o w d e r  f i r s t  c a m e  i n t o  u s e .  M o r e  i m p o r t a n t ,  y o u  k n o w  
w h a t  h a p p e n e d  w h e n  t he  a t o m  b o m b  w a s  d r o p p e d .  T h a t  i s  t h e  b e s t  e x -  
a m p l e  I c a n  g i v e  y o u  in  b r i n g i n g  y o u  u p  to  d a t e .  

I d o n ' t  h a v e  tO d e f e n d  t he  f a c t  t h a t  t h e  d r o p p i n g  of  t he  a t o m  b o m b  
w a s  a h u m a n i t a r i a n  e x p e d i e n t .  M o r e  l i v e s  w e r e  s a v e d  b y  t h e  d r o p p i n g  
of  t h a t  b o m b  t h a n  o n e  c a n  c a l c u l a t e .  A s t u d y  of  t h e  r e c o r d s  of  t h e  J a p -  
a n e s e  m i l i t a r y  a u t h o r i t i e s  s h o w s  t h a t  t h e r e  w o u l d  h a v e  b e e n  an  a b u n d a n c e  
o f  d e f e n s i v e  s u i c i d a l  m e t h o d s  just" t o o  u t t e r l y  h o r r i b l e  to  i m a g i n e .  W e  
h a d  p l e n t y  of  t e s t s  of  t he  k a m i k a z e  s i t u a t i o n  f r o m  the  N a v y ' s  p o i n t  o f  
v i e w .  

B u t ,  I d o n ' t  t h i n k  I s h o u l d  p u t  m o r e  t i m e  of  t o d a y ' s  l e c t u r e  i n t o  t r y i n g  
to  i m p r e s s  m i l i t a r y  s t u d e n t s ,  a n d  e x p e r t s ,  w i t h  t he  e f f e c t  t h a t  s c i e n c e  
h a s  h a d  on  w a r .  Y o u  c a n  g e n e r a l i z e  a n d  s a y  t h a t  e a r l y  m a n  f o u g h t  w i t h  
h i s  h a n d s  a n d  w i t h  the  e n e r g y  w h i c h  w a s  s u p p l i e d  to  h i m  b y  h i s  o w n  
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p r o c e s s e s  of  m e t a b o l i s m  and  a s s i m i l a t i o n  of food ,  u s i n g  a s  w e a p o n s  
on ly  the  s t r u c t u r a l  p a r t s  of  h i s  b o d y .  He s o c k e d  s o m e b o d y  on the n o s e .  
E a r l y  he l e a r n e d  tha t  he c o u l d  b e  m u c h  m o r e  e f f e c t i v e  if  he p i c k e d  up and  
u s e d  a s t i c k .  He  d idn ' t  know the  l aw of  the  p e n d u l u m ,  he d i d n ' t  know the  
l aw of m o m e n t u m ,  b u t  he  f o u n d  tha t  the  o t h e r  f e l l o w ' s  s k u l l  c r a c k e d  
e a s i e r  u n d e r  th i s  i m p a c t .  He  had  d i s c o v e r e d  h i s  f i r s t  w e a p o n .  

F r o m  tha t  t i m e  on i t  h a s  b e e n  w e a p o n s  d i r e c t e d  b y  m a n  r a t h e r  than  
m a n  h i m s e l f .  And tha t  i s  the c o n d i t i o n  of w a r  t o d a y .  I th ink  i t  w a s  
N i c h o l a s  B r o w n ,  once  S e c r e t a r y  of the  N a v y ,  who said'.  " G e n t l e m e n ,  we  
a r e  a b o u t  to w i t n e s s  the  t e c h n o l o g i c a l  d e v e l o p m e n t  of  a i r c r a f t  to  the  
po in t  w h e r e  i t  w i l t  o u t s t r i p  the  h u m a n  m a n .  Wha t  a r e  we going  to  d o ? "  

T h e  r e s u l t ,  y o u  know.  We now d e s i g n  i n t e l l i g e n c e  in to  the  a i r p l a n e - -  
b y  e l e c t r o n i c s ,  b y  r a d a r .  We s u p p l a n t  the  s e n s e s  of  m a n ,  u n a b l e  to c o p e  
wi th  h i s  e n v i r o n m e n t a t  6 0 , 0 0 0  f e e t  a l t i t u d e ,  at  s p e e d s  r e a c h i n g  the o r d e r  
of  M a c h  one .  In  t o d a y ' s  a i r c r a f t  i t  i s  l e s s  than  ha l f  a s e c o n d  tha t  e l a p s e s  
f r o m  the  t i m e  the  m a n  f i r s t  s e e s  an  e n e m y  wi th  h i s  own  e y e s  and  the tinge 
w h e n  he can  do s o m e t h i n g  a b o u t  i t .  A m a n  c a n ' t  do tha t .  We h a v e  b u i l t  
in to  the  a i r p l a n e - - m a d  i t  a c c o u n t s  t o d a y  f o r  50 p e r c e n t  of  the  t o t a l  c o s t  
of  t ha t  a i r p l a n e - - n o t h i n g  m o r e  n o r  l e s s  than  a s e r i e s  of  d e v i c e s  to  t ake  

the p l a c e  of m a n .  

R a d a r  i s  h i s  new e y e s .  R a d a r  c a n  s e e  w a v e  l e n g t h s  of  l igh t  t ha t  the 
h u m a n  e y e  c a n n o t  s e e - - d o n ' t  f o r g e t  tha t  a r a d a r  i m p u l s e  i s  l igh t .  I t  i s  
an  e l e c t r o m a g n e t i c  w a v e ,  a v i b r a t i o n - - s i m p l y  a m e m b e r  of the  s p e c t r u m  
b e y o n d  the  b i o l o g i c a l  e v o l u t i o n  of  the  h u m a n  e y e  to s e e ;  bu t  i t  i s  l ight .  
So, in f ac t ,  we  s u p p l a n t  m a n ' s  own i n f e r i o r  o r g a n i s m ,  the  e y e ,  w i th  a 
m a c h i n e .  And the  c o s t  of the  a i r p l a n e  r e a c h e s  s t a g g e r i n g  p r o p o r t i o n s .  

You  c a n  e x t e n d  tha t  to s h i p s  and  guns ,  . - t o  a l l  w a r  m a t e r i e l .  I t  i s  
o c c u r r i n g  e v e r y w h e r e .  So l e t  u s  not  dwe l l  on the  f a c t  tha t  s c i e n c e  h a s  
an  e f f e c t  on the c o n d u c t  of w a r .  I t h ink  i t  i s  f a i r l y  s a f e  to  s a y  tha t  w e a -  
p o n r y  an d  w e a p o n  s y s t e m s  and  the i n t e l l i g e n t  u s e  and  i m p l e m e n t a t i o n  of  
t h o s e  t o d a y  s p e l l  the  e l e m e n t  of  p o w e r  f o r  a na t ion .  I hope  i t  d o e s ,  o r  
t h i s  l e c t u r e  i s  go ing  to f a l l  v e r y  f l a t .  

A r e  we  w e a k e r  o r  s t r o n g e r  a s  a w o r l d  p o w e r ?  T h a t  i s  the  n e x t  

q u e s t i o n .  

See  c h a r t  1, page  1 0 . - - T h e  t oo l  of s c i e n c e  i s  r e s e a r c h .  S c i e n c e  i s  
a b s o l u t e l y  a v o i d  u n l e s s  i t  i s  e m p l o y e d .  The  s c i e n t i f i c  too l  f o r  e x p a n d -  
ing  i t s  k n o w l e d g e  i s  r e s e a r c h .  T h e r e  i s  s o m e t h i n g  m o s t  e x t r a o r d i n a r y .  

9 
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P l e a s e  l o o k  a t  how r e c e n t l y  r e s e a r c h  a s  a f u n c t i o n  o c c u r s  in  o u r  a d -  
v a n c e d  t e c h n o l o g i c a l  e c o n o m y .  I wou ld  l ike  to  po in t  out  t ha t  the  f i r s t  
r e s e a r c h  l a b o r a t o r y  in  the  U n i t e d  S t a t e s  w a s  bu i l t  b y  G e n e r a l  E l e c t r i c  
C o m p a n y ,  w i th  o n l y  t h r e e  m e n  i n  it ,  i n  1902. T h e r e  w a s n ' t  a n y  r e s e a r c h  
i n  the  U n i t e d  S t a t e s  in  an  o r g a n i z e d  f o r m  w h a t s o e v e r .  What  we h a d  p r e -  
~riously w a s  t h e  o ld  a r t  of  i nven t i on ,  a l m o s t  a d e s i g n  i d e a .  O r g a n i z e d  
s c i e n t i f i c  r e s e a r c h  s t a r t e d  in  A m e r i c a  a s  r e c e n t l y  in  o u r  l i f e t i m e  as  1902. 

T h i s  i s  a m o s t  s i g n i f i c a n t  e v e n t :  We l e a r n e d  in  W o r l d  W a r  I t ha t  i t  
was  the  l a c k  of o u r  r e s e a r c h  and  d e v e l o p m e n t  of p r o d u c t s  f o r  w a r  in  o u r  
e c o n o m y  f o r  p e a c e  tha t  s p e l l e d  o u r  g r e a t e s t  s h o r t c o m i n g .  We h a d  the  
u m b r e l l a  of b e i n g  p r o t e c t e d  b y  o u r  a l l i e s  o v e r  u s .  

L o o k  at  the  s p u r t  t ha t  o c c u r r e d  in  W o r l d  W a r  II.  A f t e r  h a v i n g  
l e a r n e d  th i s  l e s s o n  in  W o r l d  W a r  I, l ook  a t  the  t o t a l  l e v e l  of 3, 000 m i l -  
l ion  a y e a r  f o r  r e s e a r c h  in  the  who le  U n i t e d  S t a t e s - - i n  G o v e r n m e n t ,  i n -  
d u s t r y ,  and  u n i v e r s i t i e s .  L o o k  a t  wha t  W o r l d  W a r  II d id .  You c a n  s e e  
i t  b y  the  h u m p  in  t h a t  c u r v e .  L o o k  a t  w h a t  K o r e a  did.  T h e r e  i s  a t e n d -  
e n c y  f o r  the  G o v e r n m e n t  and  i n d u s t r y  to s t a r t  r e l a x i n g  a f t e r  a w a r ,  and  
r e s e a r c h  i s  one  of the  a r e a s  of e x p e n s e  tha t  a l w a y s  ge t s  the  f i r s t  cu t ,  
b e c a u s e  i t  i s  m o r e  r e m o t e  f r o m  the  i n c o m i n g  d o l l a r s  o r  the  e n d  u s e  of 

t h e  m i l i t a r y .  

I c a n ' t  dwe l l  m o r e  on tha t  c u r v e ;  i t  i s  a whole  l e s s o n  in  t e c h n o l o g y  
and s c i e n c e  a s  a p p l i e d  to  m o d e r n  e c o n o m i c s  a n d  to  w a r .  

C h a r t  2, p a g e  12. , - W h o  s p e n d s  the  m o n e y  f o r  r e s e a r c h ?  Wel l ,  you  
n o t i c e  f o r  the  y e a r  1953 the  F e d e r a l  G o v e r n m e n t  s u p p l i e d  60 p e r c e n t ;  
i n d u s t r y ,  37; and  u n i v e r s i t i e s  3 p e r c e n t .  D o n ' t  be  foo led .  T h a t  is  a 
s t a t i s t i c .  T h e  i r p p l i c a t i o n s  a r e  v e r y  i n a c c u r a t e .  T h a t  3 p e r c e n t  s u p p l i e d  
b y  the  u n i v e r s i t i e s ,  f o r  i n s t a n c e ,  c o u l d  be  m o r e  i m p o r t a n t  t h a n  a l l  the  
r e s t  pu t  t o g e t h e r .  T h e s e  a r e  no c o m m e n s u r a t e  u n i t s .  One  un i t  of r e -  
s e a r c h ,  one d o l l a r  of  r e s e a r c h ,  i s  not  e q u a l  to  a n o t h e r  d o l l a r  of r e s e a r c h .  
T h i s  i s  s o m e t h i n g  to th ink  about  and  to a n a l y z e  in  y o h r  m i n d .  S o m e t i m e s  
the  p l a c e m e n t  of a " h a y w i r e "  r e s e a r c h  c o n t r a c t  m a y  b r i n g  in  m o r e  f a r -  
r e a c h i n g  r e s u l t s  than  the  f i n e s t ,  m o s t  p lu sh ,  m o s t  opu len t ,  r e s e a r c h  
c o n t r a c t  f o r  the  r e s e a r c h  and  d e v e l o p m e n t  of wha t  a t  the  m o m e n t  m a y  be  

t h e  m i l i t a r y  t h e o r y  f o r  w e a p o n s .  

L e t  u s  s e e  who d o e s  i t .  F o r t u n a t e l y ,  u n i v e r s i t i e s  did 11 p e r c e n t  of 
i t  i n  th i s  i n s t a n c e .  L e t  m e  poin t  out  tha t  t h i s  i n c l u d e s  the  n o n p r o f i t  r e -  
s e a r c h  i n s t i t u t i o n s .  T h i s  is  c o m p l e t e l y  new.  T h e  A m e r i c a n  u n i v e r s i t i e s  
a r e  going  t h r o u g h  a sub t l e  c h a n g e ,  in  w h i c h  t h e i r  p r i m a r y  p u r p o s e  r e -  
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m a i n s  i n s t r u c t i o n ,  b u t  in wh ich  i n s t r u c t i o n  i s  e n r i c h e d  b y  ;Lt t rac t ing 
s c h o l a r s  who w i s h  to p u s h  the b o u n d a r i e s  of k n o w l e d g e  o u t w a r d  and  b e -  
c o m e  i n s p i r e d  t e a c h e r s .  Bu t  tha t  i s  a d a n g e r o u s  a p p r o a c h  a l s o ,  I f  a 
u n i v e r s i t y  a t t e m p t s  to  do too  m u c h  r e s e a r c h ,  it t e n d s  to b e c o m e  a r e -  
s e a r c h  i n s t i t u t i o n  r a t h e r  than  an e d u c a t i o n a l  i n s t i t u t i o n .  T h i s  i s  o c c u r i n g  
in  the  U n i t e d  S t a t e s  in c e r t a i n  a r e a s ,  

C h a r t  3, p a g e  1 4 . - - Y o u  wi l l  s e e  t ha t  the  F e d e r a l  G o v e r n m e n t  d o e s  
not  p e r f o r m  in r e s e a r c h  a n y t h i n g  l ike  the w a y  i n d u s t r y  p e r f o r m s .  The  
th ing  i t  d o e s  is  f u r n i s h  the m o n e y .  T h i s  i s  of  c o u r s e  a f r e e  e n t e r p r i s e  
p h e n o m e n o n  and  w o u l d  not  o c c u r  in  R u s s i a ,  N o t i c e  the  g r o w t h  of i n d u s -  
t r i a l  r e s e a r c h  v e r s u s  G o v e r n m e n t  r e s e a r c h .  T h e  l e s s o n  i s  h e r e ,  B e -  
f o r e  the  f r i g h t  of W o r l d  W a r  H, C o n g r e s s  and  the m i l i t a r y  g e n t l e m e n  
did v e r y  l i t t l e  r e s e a r c h .  L o o k  wha t  h a p p e n e d  w h e n  t h e y  got  s c a r e d  and  
n e e d e d  n e w  w e a p o n s .  See  the r a t e  of g r o w t h  in  the  two t r e n d s .  

F o l l o w  i t  a l l  the  w a y  t h r o u g h  and  s e e  how i t  s a g g e d  b a c k  a f t e r  W o r l d  
W a r  H.  K o r e a  got  u s  f r i g h t e n e d  aga in ,  and  i t  s t a r t e d  u p w a r d  aga in .  
You  wi l l  no te  tha t  we a r e  s t i l l  f r i g h t e n e d .  

C h a r t  4, p a g e  15, - - T h e s e  p r o d u c t s  on th i s  c h a r t  a r e  r e a l l y  i l l  
c h o s e n .  T h e y  a r e  s i m p l y  s o m e  a s p e c t s  of  new  th ings  c o m i n g  out  of r e -  
s e a r c h - - e x a m p l e s  of wha t  you  get  f o r  y o u r  m o n e y .  

T h e r e  a r e  s o m e  i n t e r e s t i n g  a n g l e s  to  tha t .  B u t y l  and  b u n a  r u b b e r ,  
w h i c h  s a v e d  us  in W o r l d  W a r  II, w e r e  p r o d u c t s  of G e r m a n  r e s e a r c h .  
Of c o u r s e  we  t o o k  the c r e d i t  f o r  t h e m .  

N e o p r e n e  i s  a c o m p l e x  o r g a n i c  p r o d u c t  of a s y n t h e t i c  c h e m i s t r y ,  
the h o m e  of w h i c h  w a s  G e r m a n y  and  which  m a d e  G e r m a n y  p r i o r  to  W o r l d  
W a r  I the m o s t  a g g r e s s i v e  p o w e r  in the  w o r l d .  Wi th  the  h a r n e s s i n g  of 
s y n t h e t i c  c h e m i s t r y ,  t h e r e  w a s  a who le  n e w  a p p l i c a t i o n  of c h e m i s t r y  as  

a s c i e n c e .  

I t  w a s  the  s a m e  th ing  in  p l a s t i c s .  D o n ' t  th ink  we d o n ' t  do any th ing  
in t h e s e  f i e l d s .  We do. We a r e  a n a t i o n  of a p p l i e r s .  We a r e  e a g e r l y  
a p p l y i n g  a l l  the  f u n d a m e n t a l  a r t  we c a n  d i s t i l l  f r o m  the  o l d e r  l a b o r a t o r i e s .  

Ny lon ,  o r l o n ,  d a c r o n ,  r a y o n ,  a c r y l o n - - j u s t  t h ink  wha t  t h e s e  h a v e  
done to  the  u n i f o r m s  of  the  s o l d i e r s .  J u s t  t h ink  wha t  t h e y  h a v e  done  to 
the  P a r i s  f a s h i o n s .  T h i n k  wha t  a l l  t h i s  h a s  done to  w e a p o n r y .  And  
e v e r y  b i t  of i t  s t e m m e d  out  of r e s e a r c h .  
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U r e a s ,  n i t r a t e s ,  f o r m a l d e h y d e s - - t h e s e  a r e  the f u n d a m e n t a l  b a s e s  
f o r  a who le  a r r a y  of  p l a s t i c s ,  of wh ich  we have  on ly  j u s t  put  t o g e t h e r  
c e r t a i n  o n e s .  F r o m  th i s  v e r y  P l a t f o r m  the Du P o n t  C o m p a n y  s e v e r a l  
y e a r s  ago,  in e x p l a i n i n g  i t s  r e s e a r c h  p h i l o s o p h y ,  s a i d  th i s :  "I t  i s  a m a z -  
ing f o r  us  to r e a l i z e  tha t  not  so  m a n y  y e a r s  ago  o u r  l a b o r a t o r i e s  w e r e  
d i r e c t e d  to f ind new m a t e r i a l s ,  w h e r e a s  t o d a y  o u r  l a b o r a t o r i e s  h a v e  
found  s o  m a n y  new m a t e r i a l s  tha t  o u r  e f f o r t  i s  now d i r e c t e d  t o w a r d  f ind -  
ing out  how to  u s e  t h e m . "  Qui te  an  i m p o r t a n t  l e s s o n .  

E l e m e n t a l  m e t a l s  and  r a r e  e a r t h s .  We a r e  on ly  n o w  on the h o r i z o n  
o r  a t r e m e n d o u s  d e v e l o p m e n t  in th i s  f i e ld .  You wi l l  f ind  t h e s e  r a r e  
m e t a l s  in the c h e m i s t r y  t e x t b o o k s .  

C h a r t  5, page  17. - - I  w i l l  now t u r n  to the p e r i o d i c  c h a r t  of  t h e  a t o m .  
L e t ' s  p i c k  a v e r y  i n t e r e s t i n g  f a m i l y .  Any  one of  t h e s e  is  an  i n t e r e s t i n g  
f a m i l y ,  bu t  h e r e ' s  the g l a m o u r  g i r l - - t i t a n i u m .  L e t ' s  t ake  the t i t a n i u m  
s e r i e s .  R e m e m b e r  now tha t  in t h i s  p e r i o d i c  c h a r t  t h e s e  e l e m e n t s  a r e  
a r r a n g e d  so  that  t h o s e  in e a c h  c o l u m n  t end  to have  s i m i l a r  p r o p e r t i e s .  
D o n ' t  be  f o o l ed .  T h e y  m a y  be  s i m i l a r  in m a n y  of t h e i r  m a j o r  a s p e c t s  but  
t h e y  have  t h e i r  p e r s o n a l i t i e s .  T h e y  d i f f e r .  N e v e r t h e l e s s ,  th i s  g r o u p i n g  
is  of i n t e r e s t  a s  e x a m p l e s  of  what  I want  to d e m o n s t r a t e .  

S i l i con  i s  one that  we know a lot  abou t .  I t  i s  the  b a s i s  f o r  a lot  of  
t h e s e  new f i b e r s ,  p l a s t i c s ;  and  w h a t - n o t .  It  i s  a l s o  u s e d  in a n t i b i o t i c s ,  
in m e d i c i n e .  S t r a n g e l y  enough,  you  can  have  a s i l i c o n  c h e m i s t r y .  W e  
know a lot  abou t  c a r b o n  and i t s  c h e m i s t r y .  We Call  tha t  " o r g a n i c  
c h e m i s t r y .  " " O r g a n i c "  m e a n s  " c o n t a i n i n g  c a r b o n .  " Bu t  s i l i c o n  c h e m i s -  
t r y  i s  one of  the th ings  on the h o r i z o n  tha t  c an  be  j u s t  a s  c o m p l e x  a s  
m a n y  tha t  we now u n d e r s t a n d .  One of the s i l i c o n  c o m p o u n d s  h a s  a l r e a d y  
found  i t s  w a y  in to  w e a p o n r y  to  a t r e m e n d o u s  ex t en t .  

T h e n  t h e r e  i s  t i t a n i u m ,  n a m e d  a f t e r  the Q u e e n  of the  F a i r i e s - -  
T i t a n i a .  It  i s  a f a i r y - l i k e  m a t e r i a l .  But ,  l ike  f a i r i e s ,  it i s  e l u s i v e ,  
You  c a n  f ind any  a m o u n t  of t i t a n i u m  in the w o r l d ' s  c r u s t ,  bu t  i t  i s  in 
c o m b i n a t i o n .  I th ink  it  i s  the f i f th  m o s t  p l e n t i f u l  e l e m e n t ,  bu t  t r y  to ge t  
i t  out ;  it i s  l ike  pok ing  a f a i r y  out  f r o m  b e h i n d  a b u s h .  I t  c l i n g s  to i t s  
c o m p o u n d s .  Tha t  i s  why  it  c o s t s  f o u r  o r  f ive  d o l l a r s  a pound  t o d a y  in a 
f o r m  tha t  we c a l l  e l e m e n t a r y  t i t a n i u m  s p o n g e .  

Bu t  you  a l l  know i t s  u s e f u l n e s s  to  the m i l i t a r y .  You know i t s  u s e  i s  
c o m m o n  f o r  d e f e n s e  w e a p o n s - - f r o m  the m o r t a r  c a r r i e d  on the b a c k  of  
the  d o u g h b o y  on up to  the a i r p l a n e .  It  i s  r e v i s i n g  a l l  t h o s e  s t r u c t u r e s ,  ~ 
p r o v i d i n g  new w e a p o n s  of l i g h t e r  we igh t .  It has  h i g h - t e m p e r a t u r e  T h e r e  
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p r o p e r t i e s .  I t  wi l l  be found in  sh ip  d e s i g n s  wi%h o t h e r  m e t a l s  to c o n v e y  the 
new high p r e s s u r e s .  It ha s  t h e r m o d y n a m i c  p ropex  : i e s - - a  h e a t  t r a n s f e r  
m e d i u m .  

Well ,  h e r e ' s  an  i n t e r e s t i n g  f e l l o w - - g e r m a n i u m .  T h i s  i s  the m e t a l  
of  the t r a n s i s t o r .  L o o k  a t  the gold  m i n e  c o m i n g  h e r e .  Who r e m e m b e r s  
g e r m a n i u m  w h e n  he s t u d i e d  h igh  s c h o o l  c h e m i s t r y ?  B y  n a m e ,  p r o b a b l y  
but  not  o t h e r w i s e .  

L o o k  at  z i r c o n i u m .  You wi l l  have  t r o u b l e  ge t t i ng  a good a t o m i c  r e -  
a c t o r  wi th  z i r c o n i u m .  What  is  i t  good f o r ?  T h e r e ' s  a v e r y  p len t i fu l ,  
b e a u t i f u l  g e m  c a l l e d  the  z i r c o n .  Your wife  Likes to have  it  s e t  in p l a t i -  
n u m  as  a j e w e l .  It  i s  qui te  abundan t .  But  tha t  is  not  i ts  p r i m e  u s e f u l n e s s .  
I t s  r e a l  u s e f u l n e s s  l i e s  in z i r c o n i u m  oxide ,  one of the  m o s t  v a l u a b l e  
m a t e r i a l s  f o r  Lining f u r n a c e s ,  b e c a u s e  it  wi l l  w i t h s t a n d  h igh  t e m p e r a t u r e s .  
M o d e r n  m e t a l l u r g i c a l  c h e m i s t r y  goes  to h igh t e m p e r a t u r e s .  As  an  oxide  
it  i s  u s e f u l  f o r  one thing,  a s  a m e t a l  f o r  a n o t h e r .  I t  ha s  a p e c u l i a r  p r o -  
p e r t y .  I t  i s  u s e f u l  in  an a t o m i c  p i le .  I t  h a s  the  s t r u c t u r a l  p r o p e r t i e s  of 
a m e t a l  Like s t e e l ,  and  i t  ha s  n e u t r o n  p r o p e r t i e s  wh ich  a r e  i dea l .  I t  a l s o  
has  h e a t -  r e s i s t i n g  p r o p e r t i e s .  

We c o m e  up wi th  a n o t h e r  one c a l l e d  h a f n i u m .  I t  i s  one wi th  g r e a t  
p o s s i b i l i t i e s .  I t  i s  h a f n i u m  wh ich  p r o v i d e s  the  h i g h e s t  m e l t i n g  poin t  of 
any  known e l e m e n t a l  m e t a l .  It  i s  the  v e r y  th ing  we n e e d  to ge t  h igh  t h e r m o -  
d y n a m i c  e f f i c i e n c y  in  h e a t  e n g i n e s .  

I c a n ' t  s p e n d  a n y  m o r e  t i m e  now on the  p e r i o d i c  t ab le ,  but  no te  tha t  
i t  i s  the  h e a r t  of m a n ' s  f u t u r e  in  m a n y  r e s p e c t s .  

L e t  us  t a lk  now abou t  s o m e  of the  e c o n o m i c  f a c t o r s .  W e  wi l l  s l ip  
in to  the  nex t  p h a s e .  

See c h a r t  6, page  1 9 . - - T h e s e  a r e  d e v e l o p m e n t s  in  a b r o a d  s e n s e  a n d  
not  p r o d u c t s .  " A t o m i c  p o w e r "  shou ld  r e a d  " a t o m i c  age ,  " b e c a u s e  p o w e r  
i s  s y n t h e t i c  h e r e .  A t o m i c  s y n t h e s i s  o r  r a d i a t i o n  s y n t h e s i s  i s  a new 
c h e m i s t r y .  You c a n  t ake  e t h y l e n e  and  put  in  i t  a tube ,  shoo t  a t o m i c  r a d i a -  
t ion  in to  it ,  a n d  you  have  p o l y e t h y l e n e ,  Now you c a n  a b a n d o n  t h e s e  b ig  
r e a c t o r s , w i t h  t h e i r  h e a t  l i n e s  a n d  e v e r y t h i n g ,  and  ju s t  pu t  a s m a l l  s y n -  
t he t i c  p o l y e t h y l e n e  p lan t .  Al l  you  n e e d  to do is  p u s h  g a m m a  r a y s  in to  
e t h y l e n e  a n d  i t  b e c o m e s  p o l y e t h y l e n e .  Of c o u r s e  i t  i s  not  tha t  s i m p l e  
o r  we w o u l d  a l l  be  doing it,  bu t  it  i s  b e i n g  done in  l a b o r a t o r i e s  a n d  p i lo t  
Lines now. It  wi l l  c o m e  soon.  
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548 

As an illustration, one laboratory took standard lubricating oil and 
put atomic radiation into it. It turned out hard as wax. The wax was so 
hard, so unlubricating in its qualities, that they thought it was no good. 
But, instead of saying, "Oh, beck; this is terrible, " they should have 
said, "Hurrahl it is wonderful, " because gamma radiation can perform 
a new chemistry. We didn't see it then. Very few Americans see it now. 
But some scientists see it. It is over the horizon, a liberal horizon. 
Gamma radiation kills bacteria, finds flaws in steel, causes chamical 
reactions to occur, affects biological material. It has uses for communi- 

cation, like Navy sonar. It is fantastic. 

Look at coal hydrogentaion. This is just a simpler way of making 
lubricating oil out of coal. We took it from Germany. We have a big 
plant in West Virginia that is making it. It is also being done by the 
Bureau of Mines. This is ali based on German science. 

Oil shale extraction--this is also Bureau of Mines work and is taken 
from the German science. Much work is being done on that, too. Plants 

a r e  b e i n g  c o m p l e t e d  to  t a p  o u r  f o s s i l  f u e l  r e s o u r c e s .  • 

R a d i a t i o n  s y n t h e s i s - - t h i s  r e f e r s  to  f o o d  p r e s e r v a t i o n .  T h a t  i s  o f  
g r e a t  i n t e r e s t  to  q u a r t e r m a s t e r s .  I t  i s  a w a s t e  p r o d u c t  f r o m  e v e r y  
a t o m i c  p i l e  in  t he  U n i t e d  S t a t e s .  W e  h a v e  a r r a n g e d  w i t h  t he  N a v y  to  g i v e  
a c l a s s i f i e d  c o n t r a c t  to  t he  W o o d s  H o l e  O c e a n o g r a p h i c  I n s t i t u t e  to  f i n d  a 
p l a c e  i n  the  o c e a n  w h e r e  t he  s t u f f  c a n  b e  b u r i e d ,  w h e r e  t h e r e  w i l l  b e  no  
u p l i f t  i n  t he  o c e a n  c u r r e n t s  to  b r i n g  i t  b a c k  to  t h e  s u r f a c e .  T h i s  i s  a 
r e v e r s e  p r o j e c t - - h o w  to  g e t  r i d  of  s o m e t h i n g .  B u t ,  I d o n ' t  t h i n k  w e  a r e  
g o i n g  to  ge t  r i d  of  i t .  I t h i n k  we  a r e  g o i n g  to  u s e  i t - - t o  s t e r i l i z e  m e a t ,  
f o o d ,  m i l k .  W e  a r e  g o i n g  to  u s e  i t  i n  s y n t h e s i s  t o  s t a r t  c h e m i c a l  r e -  
a c t i o n s .  I t  i s  a l r e a d y  b e i n g  u s e d  in  p l a c e  of  X - r a y s  in  t h e  t r e a t m e n t  of  

c a n c e r .  

N e x t ,  l e t  u s  t a k e  the  n e x t  p h a s e  of  t h i s  l e c t u r e  a n d  c a l l  i t  " W o r l d -  
w i d e  t e c h n i c a l  a d v a n c e s .  " I s  o u r  p o s i t i o n  h e r e  s t r o n g e r  o r  w e a k e r ?  

C h a r t  7, p a g e  2 1 . - - T h i s  i s  t he  g r o s s  n a t i o n a l  p r o d u c t  i n  t e r m s  o f  
p o p u l a t i o n .  S o c i a l  s c i e n c e ,  g e n t l e m e n ,  y o u  a r e  in  i t .  N o w  w a t c h  o u t - -  
t he  g r o s s  n a t i o n a l  p r o d u c t  m u s t  b e  t a l k e d  of  in  t e r m s  of  a c o n s t a n t  c o m -  
m e n s u r a t e  f a c t o r ,  e v e n  f o r  s t a t i s t i c a l  p u r p o s e s .  So w e  i n t r o d u c e  y o u  
t o  t h e  s t a n d a r d  d o l l a r  in t h i s  c a s e  a 1951 d o l l a r .  I s u g g e s t  y o u  go  t o  t h e  m i n t  
a n d  t r y  to  b u y  a s t a n d a r d  d o l l a r ,  and  s e e  w h a t  y o u  g e t .  Y o u  w o u l d  g e t  
n o  s u c h  t h i n g .  I t  i s  a n  a r t i f i c i a l  f i c t i o n .  I t  i s  a u s e f u l  o n e ,  b u t  a n  u n -  
s c i e n t i f i c  o n e .  A t  a n y  r a t e ,  w e  h a v e  i t  a n d  i t  i s  t he  b e s t  t h i n g  w e  c a n  

go  b y .  

20 
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But  do n o t i c e  tha t  p o p u l a t i o n  g r o w t h .  I m p o r t a n t  a s  i t  i s ,  i t  d o e s  
not  e x p l a i n  the u p w a r d  t r e n d  i n  the  g r o s s  n a t i o n s l  p r o d u c t  in o u r  

economy. 

ALl r i g h t - - i f  t h i s  i s  o c c u r r i n g  h e r e ,  wha t  i s  i t s  r e l a t i o n  to o u r  

e n e m i e s  ? 

C h a r t  8, page  23. - - C a r r y  tha t  in y o u r  m i n d  a l i t t l e  b i t - - e q u i v a l e n t  
of U n i t e d  S t a t e s  d o l l a r s .  H o w  m a n y  r u b l e s  a r e  e q u i v a l e n t  to  a U n i t e d  
S t a t e s  d o l l a r ?  N o b o d y  knows  tha t .  It  i s  h e r e .  And  the s a m e  f o r  a l l  the  
o t h e r  c u r r e n c i e s .  So p i c t u r e  t h i s ,  not  a s  a t r u e  q u a n t i t a t i v e  s c i e n t i f i c  
c h a r t ,  bu t  a s  a t r e n d  c h a r t .  You w i l l  n o t i c e  w h e r e  the U n i t e d  S t a t e s  
e c o n o m y  i s .  C a n a d a  i s  o u r  c l o s e s t  n e i g h b o r  and  the  nex t  h i g h e s t  in  
e c o n o m y  to o u r s ,  b e c a u s e  of  the t r a f f i c  b a c k  and  f o r t h  a c r o s s  the  b o r d e r  

and  the f low of o u r  i d e o l o g y  and  e c o n o m i c s .  

You  wi l l  n o t i c e  S w e d e n  i s  a n o t h e r  c o u n t r y  w h i c h  ha s  a v e r y  high 
N o r d i c  type  of th ink ing .  And  I d o n ' t  beLi t t le  the  n o n - N o r d i c  type  of th ink -  
ing  one b i t .  Bu t  a t e m p e r a t e  c l i m a t e  m a k e s  you  wan t  to w o r k .  T h o s e  of  
you  who h a v e  l i v e d  in the  t r o p i c s  m u s t  know wha t  I a m  t a l k i n g  abou t .  
You  don ' t  f e e l  Like c l i m b i n g  m o u n t a i n s  in P a n a m a .  S w e d e n  i s  a n o r t h e r n  
c o u n t r y ,  w h i c h  h a s  b e e n  in b u s i n e s s  f o r  a long  p e r i o d  of t i m e ,  h a s  a 
h igh o r d e r  of  s c i e n t i f i c  and  e n g i n e e r i n g  a t t a i n m e n t ,  and  a good  e c o n o m y .  
The  p e o p l e  h a v e  a g r e a t  f e e l i n g  f o r  the e c o n o m i c  r e s o u r c e s .  I t  c o m e s  
n u m b e r  t h r e e .  S w i t z e r l a n d  i s  a n o t h e r  c o u n t r y  wi th  a h i s t o r y  v e r y  m u c h  

l ike  S w e d e n .  It  f a l l s  in to  f o u r t h  p l a c e .  

You  g e n t l e m e n  wi l l  s t u d y  a l l  the  o t h e r s  in the  o t h e r  p a r t s  of  y o u r  
c o u r s e .  So we w o n ' t  .dweLl on th i s  e x c e p t  to  po in t  out  w h e r e  R u s s i a  s t a n d s .  
I a m  t a lk ing  now a b o u t  o u r  p o s i t i o n .  A r e  we  ga in ing  o r  l o s i n g ?  It  i s  ob -  
v i o u s  that  o u r  p o s i t i o n  h e r e  i s  good .  I t  i s  good,  b e c a u s e  we  h a v e n ' t  b e e n  
a t t a c k e d .  T h a t  i s  the  b e s t  p r o o f  tha t  i t  i s  s t i l l  good .  

Now,  the  f a c t  tha t  th i s  h a s  c o m e  up  f r o m  down in h e r e  in the  t i m e  of  
the  B o l s h e v i k s  i s  wha t  we wan t  to k e e p  o u r  e y e  on. A l s o  how f a s t  it h a s  

c o m e  up  to  h e r e .  What  a r e  the  f a c t o r s ?  

I w o n ' t  s p e n d  an y  m o r e  t i m e  on th i s  c h a r t .  I w o u l d  Like to go to the  

nex t  one .  

C h a r t  9, p a g e  24. - - H o w  i s  th i s  s t a n d a r d  of l i v ing  b r o u g h t  a b o u t ?  
I s  i t  s o m e  f o r m  of m a g i c  ? No, i t  i s  not .  T h i s  c u r v e  i s  the  o n l y  one 
t h a t I w i l l  t ake  a n y c r e d i t  f o r .  It  i s  o r i g i n a l  w i th  u s .  It  t r i e s  to  do a w a y  

2 
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with  one of the  too m a n y  b l a n d  a s s u m p t i o n s  of  the  e c o n o m i s t s - - o n e  wi th  
wh ich  I do not  a g r e e .  T h e y  p i c k  s o m e  p e r i o d  of  y e a r s  and  say ,  " T h i s  
i s  un i ty .  " 

T h e r e  i s  no s u c h  th ing  in  a l l  the  h i s t o r y  of m a n  a s  a p e r i o d  of u n i t y .  
I c a n  PiCk a p e r i o d  of y e a r s  and  you  c a n  p i c k  one .  We wi l l  a l l  d r a w  the 
s a m e  c h a r t ,  wi th  the  s a m e  s e t  of r u l e s ,  and  ge t  t h r e e  c o n c l u s i o n s ,  b e -  
c a u s e  tha t  a s s u m e s  tha t  I know wha t  s e r i e s  of y e a r s  to p i ck ;  tha t  in  s o m e  
w a y  b e c o m e s  m a g i c .  Th i s  c h a r t  m a k e s  no s u c h  a s s u m p t i o n s °  T h i s  c h a r t  
c o v e r s  the  e n t i r e  r e c o r d e d  p e r i o d  of o v e r  50 y e a r s  of e x p e r i e n c e  w i thou t  
r e f e r e n c e  to  a n y t h i n g  e x c e p t  t r y i n g  to e q u a l i z e  the d o l l a r .  What  does  i t  
g ive  y o u ?  

K i lowa t t  h o u r s  do not  c h a n g e  o v e r  the  y e a r s .  So we h a v e  no t r o u b l e  
wi th  the  s c i e n t i f i c  s i d e  of th i s  p i c t u r e .  It  is  the  s o c i a l  s i d e  of the  p i c t u r e  
w h e r e  we have  o u r  t r o u b l e -  , the  d o l l a r .  

In  an  a t t e m p t ,  then ,  to s e e  what  h a p p e n s ,  we wen t  b a c k  to 1902. We 
o v e r l a y  tha t  c h a r t ,  w h i c h  is  the  g r o s s  n a t i o n a l  p r o d u c t  d iv ided  by  the  pop-  
u l a t i o n - - t h e  s t a n d a r d  of l i v i n g - - l a i d  i t  o v e r  wha t  e n g i n e e r s  would  r e c o g -  
n ize  a s  the c a u s e  of  y o u r  s t a n d a r d  of l iv ing .  And  wha t  i s  t h a t ?  I t  i s  the 
e n e r g y  tha t  m a n  h a s  to u s e  to c r e a t e  goods .  Goods  d iv ided  by  p o p u l a t i o n  
i s  s t a n d a r d  of  l iv ing .  D o l l a r s  do not h a v e  a th ing  to  do wi th  i t .  T h e y  a r e  
no m o r e  th~an the  p o k e r  ch ip s  you  t h r o w  out in  a p o k e r  g a m e .  You c a n  
m a k e  t h e m  w o r t h  50 d o l l a r s ,  50 c e n t s ,  o r  5 c e n t s .  But  you  c a n n o t  m a k e  
a k i l o w a t t - h o u r  a n y t h i n g  but  a k i l o w a t t - h o u r - - t h e  e q u i v a l e n t  of the  ou tpu t  
of 20 o r  30 m e n  w o r k i n g  f o r  an h o u r .  You c a n  t a l k  k i l o w a t t - h o u r s  a s  
long  as  y o u  wan t  a n d  t h e y  wi l l  a l w a y s  be the  s a m e .  

Now we a r e  p lo t t i ng  m a n ' s  c a p a b i l i t y  to u s e  the  f o r c e s  of n a t u r e ,  
to u s e  e n e r g y .  What  do we f ind?  I t  i s  o u r  s t a n d a r d  of l iving° T h i s  i s  
f a n t a s t i c ,  b e c a u s e  i t  i s  so  v e r y  obv ious  and  s i m p l e .  A n d  y e t  books  have  
b e e n  w r i t t e n  about  how to get  the s t a n d a r d  of l i v ing  u p .  L a i d  end  to end,  
t h e y  would  r e a c h  no c o n c l u s i o n .  

C h a r t  10, p a g e  26. - - T h i s  is the  c o n t r i b u t i o n  of the  m a c h i n e .  T h e  
h e i g h t  of the  m a n  u n d e r  " m a n u a l  l a b o r "  r e p r e s e n t s  the  a m o u n t  of m a n u a l  
l a b o r  tha t  an  i n d i v i d u a l  did in  1854. You wi l l  s e e  now what  i s  w r o n g  
wi th  o u r  m u s c l e s  w h e n  you  look  a t  2004. L o o k  what  m a n  h a d  l e a r n e d  to 
u s e  as  the  p r i n c i p a l  e n e r g y  s o u r c e  in  the 1850 ' s .  I t  was  ar t [ rea l  p o w e r .  
He had  to f e e d  h i s  a n i m a l s  oa t s ;  c h a i n  t h e m  to a p lough .  L o o k  w h e r e  the  
p o o r  o ld  h o r s e  i s  now. He is  go ing  to be  found  on ly  in  m u s e u m s ,  and  in  
a w o n d e r f u l  i n d u s t r y  wh ich  s a y s  i t  i s  d e v o t e d  to the  u p b r e e d i n g  of h u m a n  
and  h o r s e  f l e sh ,  n a m e l y ,  r a c i n g .  

4 25 
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5 5 5  

M a c h i n e  l a b o r - - t h e r e  i s  an  i n t e r e s t i n g  th ing .  L o o k  at  the p o s i t i o n  
of the  m a c h i n e  in  1854. L o o k  at  the m a c h i n e  t o d a y  in t e r m s  of the  h o r s e  
and the m a n .  

And  now look  a t  the c l o c k  . In  1854 p e o p l e  w o r k e d  12 o r  14 h o u r s  a 
day.  S t e e l  w o r k e r s  w o r k e d  7 d a y s  a week ,  12 h o u r s  a d a y .  L o o k  w h e r e  
the  c l o c k  i s  t o d a y .  

So wi th  t hose  h o u r s  of h u m a n  l a b o r ,  tha t  l i t t l e  f e l l o w  o v e r  t h e r e ,  
t a k i n g  th i s  in to  h i s  p a r t n e r s h i p ,  p r o d u c e s  p e r  m a n  th i s  a m o u n t  of goods ,  
as  c o m p a r e d  wi th  what  he d id  in  1854. P i c t o r i a l l y  th i s  is  m e r e l y  the  
p r o o f  of the  p r e v i o u s  c h a r t - - t h a t  the  e n e r g y  tha t  m a n  u s e s  in  m a c h i n e s - -  
m a c h i n e r y  p lus  e n e r g y  i s  w h a t  we a r e  t a l k ing  a b o u t - - d e t e r m i n e s  y o u r  
s t a n d a r d  o f  l iv ing .  And,  g e n t l e m e n ,  you  know y o u r  s t a n d a r d  of l i v ing  
d e t e r m i n e s  y o u r  e c o n o m i c  p o t e n t i a l .  Y o u r  e c o n o m i c  p o t e n t i a l  d e t e r m i n e s  
y o u r  w e a p o n r y  and  y o u r  l o g i s t i c  s u p p o r t .  Y o u r  w e a p o n r y  a n d  l o g i s t i c  
s u p p o r t  d e t e r m i n e  y o u r  c o m b a t  p o s t u r e .  Y o u r  c o m b a t  p o s t u r e  d e t e r m i n e s  
y o u r  f a t e .  T h a t  i s  how s i m p l e  i t  i s .  

C h a r t  11, p a g e  28. - - T h i s  shows  the  e l e c t r i c  p o w e r  in  the U n i t e d  
S t a t e s  a n d  i t s  a l l i e s ,  as  c o m p a r e d  with  R u s s i a  and  i t s  s a t e l l i t e s .  If  y o u r  
w a r  p o t e n t i a l  is  the s a m e  a s  the  a b i l i t y  to u s e  e n e r g y ,  t h e n  th i s  r e p r e -  
s e n t s  y o u r  w a r  p o s t u r e ,  p r o v i d e d  you  h a v e  the  m o r a l e  and you  have  t r a n s -  
l a t e d  the  e n e r g y  in to  w e a p o n r y  in a b a l a n c e d  p r o p o r t i o n  to y o u r  e c o n o m y .  

You s e e  880 b i l l i on  f o r  the W e s t  as  a g a i n s t  202 f o r  R u s s i a  and  i t s  
s a t e l l i t e s - - a m a z i n g .  You would  have  to s t a r v e  the  R u s s i a n  p e o p l e  in 
o r d e r  to w r i n g  out  of t h e m  m o r e  than  t h a t - - t h e  C h i n e s e  t o o - - t o  ge t  
e n o u g h  p r o d u c t i o n  to c a r r y  on a p r o t r a c t e d  w o r l d  w a r .  And  I don ' t  c a r e  
what  t h e i r  m a n p o w e r  i s .  You would  j u s t  h a v e  to w r i n g  i t  out  of the  e c o n -  
o m y ,  tha t  i s ,  the  c i v i l  e c o n o m y ,  the s u p p o r t i n g  e c o n o m y .  T h i s  is  
R u s s i a ' s  g r e a t e s t  w e a k n e s s .  

What  is  the  e l e m e n t  05 p r o g r e s s  ? A r e  we g a i n i n g  o r  l o s i n g ?  T h i s  
i s  m e r e l y  a c h a r t  of t oday .  We don ' t  have  t i m e  to put  in a n y t h i n g  wi th  
r e g a r d  to wha t  i t  was  10 y e a r s  ago .  I t  is  t r u e  tha t  R u s s i a  i s  ga in ing  on 
us .  We s t i l l  have  a l i t t l e  t i m e - - n o t  too m u c h ,  but  we h a v e  i t .  

C h a r t  12, page  2 9 . - - T h i s  is  a l i t t l e  c h a r t  tha t  we m a d e  up and 
I t h ink  is  qui te  i l l u s t r a t i v e .  T h i s  i s  e n e r g y  output  by  s o u r c e s  f r o m  1850 
to  da te .  H e r e  a g a i n  you  s e e  the  h u m a n  w o r k e r  p i c t u r e d  as  he was  on 
a n o t h e r  c h a r t .  H e r e  you  s e e  the  w o r k  a n i m a l  l ike  on the  o t h e r  c h a r t .  
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H e r e  you  s e e  the wind,  You d i d n ' t  s e e t h a t  on the  o t h e r  one .  H e r e  you  
see  w a t e r ,  I t  i s  p r e t t y  c l e a r  tha t  the  t o t a l  w a t e r p o w e r  of the  w o r l d  i s  

no b a s i s  f o r  c i v i l i z a t i o n .  

L o o k  at wha t  h a p p e n s  to b i t u m i n o u s  coa l .  L o o k  at  p e t r o l e u m  and  
n a t u r a i  gas .  L o o k  a t  the  r a t i o  of th is  to  t e c h n o l o g y  a n d  s c i e n c e .  T h i s  
is  the  p a r t  i t  p l a y s  b e h i n d  the s c e n e s  a s  a m e t h o d  of g e n e r a t i n g  e n e r g y .  
H e r e  i s  f o s s i l  fue l .  H e r e  i s  a n t h r a c i t e ,  u s e d  f o r  h e a t i n g .  T h i s  r e p r e -  
s e n t s  one s t a g e  in  o u r  c i v i l i z a t i o n ,  In  1854 80 p e r c e n t  of o u r  u s e f u l  
e n e r g y  c a m e  f r o m  b u r n i n g  wood.  T h a t  c h a r t  is  i n t e r e s t i n g  m e r e l y  t o  s h o w  

the e f f e c t  of the  new t e c h n o l o g y  on y o u r  e n e r g y  s o u r c e s .  

C h a r t  13, page  31. - - T h e r e  i s  y o u r  g r o s s  n a t i o n a l  p r o d u c t  f o r  us  
and  o u r  e n e m i e s .  L o o k  at  R u s s i a - - t o t a l  W e s t  1136 a n d  Sov ie t  b loc  222 .  
T h i s  is  m e r e l y  a n o t h e r  w a y  of i n t e r p r e t i n g  how we u s e  e n e r g y .  W h a t  i s  
the end  p r o d u c t  of the  u s e  of e n e r g y  in  t h e s e  two e c o n o m i e s ?  T h i s  is  i t ,  

g r o s s  n a t i o n a l  p r o d u c t .  

I would  s u g g e s t  tha t  you s t u d y  th i s  c h a r t  a l i t t l e  b i t .  B r e a k  down the  
e f f e c t  of th i s  on the  Sov ie t  Un ion  and  i t s  s a t e l l i t e s  and  on u s  and  o u r  a l l i e s  
and t h e n  p o s e  y o u r s e l f  th i s  q u e s t i o n :  What  w i l l  h a p p e n  if  we get  h i g h  
h a t ?  G e n e r a l  A l b e r t  G r u e n t h e r  d i s c u s s e d  tha t  v e r y  a b l y  in h i s  l e c t u r e  
r e c e n t l y  a t  the  N a t i o n a l  S e c u r i t y  I n d u s t r i a l  A s s o c i a t i o n .  What  wi l l  h a p p e n  
i f  we m a k e  e n e m i e s  of s o m e  of Our p r e s e n t  a l l i eS ,  l ike F r a n c e ?  You 
wi l l  f i nd  i t  ge t s  p r e t t y  s e r i o u s ,  J u s t  s t a r t  sh i f t i ng  t h e s e  b l o c k s  a r o u n d .  
I m a g i n e  tha t  R u s s i a  h a s  the  c a p a c i t y  to o v e r r u n  w e s t e r n  E u r o p e  and  we 
l o s e  o u r  f r i e n d s .  See  how th i s  r a t i o  c h a n g e s .  But  t ha t  i s  a m i l i t a r y  an -  
a l y s i s ,  w h i c h  I a m  n o t  t r y i n g  to t a l k  about  h e r e .  

C h a r t  14, page  32. - - W h a t  d o e s  it  t ake  b e s i d e s  e n e r g y  to  a d v a n c e  
t e c h n o l o g i c a l l y ?  I t  t a k e s  m e n  of s c i e n c e  and  m e n  of e n g i n e e r i n g - - s c i e n -  
t i s t s  to b r o a d e n  t h e  h o r i z o n s  and  e n g i n e e r s  to put  t h e i r  r e s u l t s  to w o r k .  
What  i s  going  on? T h i s  is  r e c e n t  i n f o r m a t i o n .  I c a n n o t  s u p p o r t  t h e s e  
e s t i m a t e s  f o r  the  f u t u r e  a t  a l l .  I don ' t  th ink  a n y t h i n g  e v e r  h a p p e n s  on a 

f l a t  Line, i t  i s  j u s t  an e x p r e s s i o n  of i g n o r a n c e .  

I h a v e  a p a p e r  h e r e  tha t  I was  go ing  to r e a d  f r o m .  I t  i s  f r i g h t e n i n g .  
I don ' t  a g r e e  wi th  the  a u t h o r  in  e v e r y t h i n g ,  but  you  m u s t  a l l  h a v e  h e a r d  
of h i m .  He i s  a m o s t  d i s t i n g u i s h e d  e d u c a t o r  and  s c i e n t i s t - - D r .  J o h n  
D u n n i n g - - w h o  p e r f o r m e d  the  f i r s t  f i s s i o n  e x p e r i m e n t  in  the  U n i t e d  S t a t e s ,  
out  of w h i c h  the  M a n h a t t a n  D i s t r i c t  got i t s  n a m e .  A w o n d e r f u l  f e l l ow  
and  a w o n d e r f u l  e d u c a t o r ;  a m a n  of v e r y  m a n y  t a l e n t s .  But  y o u  ge t  a 
m u c h  d a r k e r  p i c t u r e  now f o r  t h e  r a c e  b e t w e e n  R u s s i a  and  o u r s e l v e s  
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$ 6 1  

to p r o v i d e  tha t  t e c h n o l o g y  wi th  wh ich  to c o m b a t  the  d i f f e r e n c e s  in 
e c o n o m i c  p o w e r .  

T h e r e  i s  in  R u s s i a  a m e c h a n i s m  c a l l e d  " t e k n a k o n .  " It i s  a R u s s i a n  
word ,  and  I don ' t  know how t h e y  p r o n o u n c e  i t .  T h e  t e l m a k o n  i s  no t  to be 
found  in the  U n i t e d  S t a t e s .  T h e r e  a r e  35 o r  36 t e k n a k o n s  in  R u s s i a  and  
t h e y  a r e  in  a tw i l i gh t  zone  b e t w e e n  an e n g i n e e r i n g  b a c c a - l a u r e a t e  c u r r i c -  
u l u m  and  a t e c h n i c a l  h igh  s c h o o l .  T h e y  a r e  m u c h  b e t t e r  t han  o u r  
t e c h n i c a l  h igh  schoo l ,  r e a c h i n g  up t o w a r d  o u r  b a c c a - l a u r e a t e  e n g i n e e r i n g  
c o u r s e s .  

T h o s e  t e k n a k o n  f i g u r e s  h a v e  not  found  t h e i r  w a y  in to  th i s  c h a r t  f o r  
i t  i s  no t  b e i n g  done tha t  w a y  h e r e .  The  R u s s i a n  c u r v e ,  r e l a t i v e  to o u r s ,  
i s  f r i g h t e n i n g .  T h i s  e v e n  g o e s  so  f a r  a s t o  s a y  tha t  a s  e a r l y  as  1959 we 
a r e  l i c k e d .  R u s s i a  i n d i c a t e s  i t  wi l l  h a v e  a b i g g e r  w e l l  of  m a n p o w e r  than  
the  U n i t e d  S t a t e s  in the  s c i e n t i f i c  a n d  t e c h n i c a l  f i e l d s .  

I wi l l  not  n e c e s s a r i l y  ho ld  to tha t ;  but  I wi l l  s a y  th i s  is  s o m e t h i n g  
f o r  you  to be,  l ike  m y s e l f ,  s o m e w h a t  f r i g h t e n e d  abou t .  You d o  s e e  the  
t r e n d  of the  R u s s i a n  and the t r e n d  of o u r s .  And  it  i s  not  good.  

You h a v e  to r e a l i z e  tha t  th i s  is  the  n u m b e r  of g r a d u a t e s  p e r  y e a r .  
You m u s t  t ake  in to  a c c o u n t  a l s o  the  w e l l  of g r a d u a t e s  tha t  e x i s t s .  We do 
h a v e  t o d a y  f a r  m o r e  g r a d u a t e s  t han  R u s s i a  h a s ,  b e c a u s e  she  was  j u s t  
c o m i n g  u p  w h e n  we w e r e  a l r e a d y  up.  She a l s o  s t a r t e d  l a t e .  T h i s  is  p a r t  
of  U n c l e  J o e ' s  w o r k .  It  i s  i n t e r e s t i n g  to no te  tha t  M a l e n k o v  is  an e n g i -  
n e e r  a n d  K r u s h c h e v  i s  an  engl"neer .  T h e  t o p m e n  of the  R u s s i a n  G o v e r n -  
m e n t  a r e  e n g i n e e r s .  T h e y  know the  i m p o r t a n c e  of e n g i n e e r i n g  and  
s c i e n c e  in  th i s  s t r u g g l e .  W e r e  t h e y  l a w y e r s ,  a s  m o s t  of  o u r  top peop le  
a r e ,  w e r e  t h e y  p r o f e s s i o n a l  e d u c a t o r s ,  w e r e  t h e y  b u s i n e s s m e n ,  wha t  
would  h a v e  h a p p e n e d ?  T h a t  i s  a q u e s t i o n .  Bu t  t h e y  a r e  not .  T h e s e  m e n  
a r e  e n g i n e e r s .  And  in  R u s s i a  t h e y  c a n  t e l l  wha t  s t u d e n t s  a r e  go ing  to 
b e c o m e  e n g i n e e r s .  T h e y  do not  l e a v e  it to the  w h i m s e y  of e d u c a t i o n a l  
a d v i s e r s ,  p a r e n t a l  p r e j u d i c e s ,  c h i l d i s h  i g n o r a n c e .  

I don ' t  know how to c o m b a t  t h i s .  I h a v e  no p r e s c r i p t i o n  f o r  i t .  T h i s  
i s  a p r o b l e m  I wi l l  l e a v e  to you  g e n t l e m e n .  

Well ,  tha t  i s  wha t  we a r e  t a l k i n g  abou t  in a s e n s e .  A r e  we ga in in g  
o r  l o s ing  r e l a t i v e  to t h e m  in t e r m s  of w a r  p o t e n t i a l ?  I w i l l  t r y  now to 
c o n s t r u c t  m y  f o r m u l a  f o r  w a r  p o t e n t i a l .  What  is  i t ?  You know a l r e a d y  
tha t  t o t a l  c o m b a t  t r o o p s ,  a i r m e n ,  s a i l o r s ,  a r e  not  the  a n s w e r .  A l s o  the  
to t a l  e x c e l l e n c e  of  w e a p o n s  is  not  the  a n s w e r .  L o g i s t i c a l  s u p p l y  m u s t  
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b e  c o u p l e d  into  i t .  T h i s  m e a n s  we h a v e  to  t a k e  the c i v i l  e c o n o m y  and  
w e l d  it  in to  wha t  i s n o w  the  c o n c e p t  of m o d e r n  o r  t o t a l  w a r .  

In  a d e m o c r a c y  th i s  is v e r y  d i f f i c u l t .  P o l i t i c a l l y  i t  i s  v e r y  d i f f i c u l t .  
T r y  to t e l l  the  l a b o r i n g  m a n  he i s  going  to go to a d i f f e r e n t  town and  w o r k  
w h e r e  t h e r e  is  a v e r y  u r g e n t  n e e d .  T r y  to  t e l l  M r .  S m i t h ' s  son  tha t  he 
i s  a s c i e n t i s t  and  s t a y s  in  h i s  l a b o r a t o r y ,  whi le  M r .  J o n e s '  son  goes  i n -  
to the A r m y  and  c a r r i e s  a r i f l e ,  What  would  h a p p e n ?  M r .  J o n e s  would  
go to h i s  C o n g r e s s m a n  and  say ,  " I s n ' t  m y  s o n  as  good as  M r .  S m i t h ' s  
s o n ? "  What  a C o n g r e s s m a n  c a n  do wi th  tha t  k ind  of s tuf f !  

M r .  M a l e n k o v  has  on ly  M r .  M a l e n k o v  a n d  M r .  K r u s h c h e v  to t h i n k  
of. T h a t  is  a f a r  s i m p l e r  p r o b l e m .  But  we do h a v e  s o m e  a d v a n t a g e s .  
O n e  of t h e m  is t h i s :  I t  i s  one  th ing  to o r d e r  p e o p l e  in to  t h e i r  w a l k s  o f  
l i fe  and  a n o t h e r  th ing  to get  the  s a m e  d e g r e e  of r e s p o n s e  f r o m  t h e m  as  
f r o m  the m a n  who s e l e c t s  h i s  w a l k  of l i fe ,  t he  f e l l o w  who c a n  t e l l  h i s  b o s s  
w h e r e  to go, a n d  f r e q u e n t l y  d o e s ,  T h e r e  is  a d i f f e r e n c e  in the  output .  

T h e r e  is  a d i f f e r e n c e  in the  r e s p o n s e .  

I don ' t  p r o p o s e  to t e l l  you  tha t  we c a n  e v a l u a t e  tha t .  A l l  we know is  
tha t  i t  e x i s t s .  T h i s  i s  a s o c i a l  s c i e n c e  s t a t i s t i c ,  M a n y  m e a n i n g s  c a n  be 
put  upon  it,  s u c h  as  the  i n a b i l i t y  of the Sovie t  to m a k e  M o s l e m s  r e s p o n d  
to a g n o s t i c  r e q u i r e m e n t s .  He has  not  a s s i m i l a t e d  h i s  M o s l e m s .  He h a s  
s p r e a d  t h e m .  He h a s  m o v e d  t h e m  a r o u n d .  He h a s  d e s t r o y e d  t h e i r  
c e n t e r s  of c u l t u r e .  T h u s  g e n t l e m e n  f r o m  the  s u n n y  C r i m e a  f r e q u e n t l y  

f ind  t h e m s e l v e s  in  the i c y  w a s t e s  of Y a k u t s k ,  

I don ' t  t h ink  t h o s e  m e n  r e s p o n d  as  r e a d i l y  as  an  I n d i a n a n  who m o v e s  
to C a l i f o r n i a .  I t h ink  tha t  th i s  a b i l i t y  to l ive  w h e r e  we wan t  to l ive ,  to do 
the  th ings  we want  to do, i s  a t r e m e n d o u s  a d v a n t a g e .  But  I don ' t  know 
how to t e l l  you  how to m e a s u r e  i t .  I t h ink  we h a d  b e t t e r  c a l l  i t  o u r  a c e  
in  the ho le .  L o o k  at  the q u a n t i t a t i v e  f a c t o r s  w h i c h  you  c a n  d e a l  wi th .  

I a m  going to t r y  to b r i n g  th i s  th ing  to s o m e  s o r t  of s u m m a r y  c l o s e ,  

o r  n e a t  l i t t l e  p a c k a g e ,  if  I c a n .  

One  of the m o s t  sub t l e  th ings  tha t  now m u s t  be  g i v e n  s o m e  c o n s i d e r a -  
t ion,  and  one w h i c h  I m u s t  s a y  I have  had  qui te  a b i t  of e x p e r i e n c e  wi th ,  
i s  an  i n t e l l i g e n t  a s s i m i l a t i o n  of the  s c i e n t i f i c  a d v i s e r s  in to  the  m i l i t a r y  
e c h e l o n s .  T h i s  h a s  not  r e a l l y  b e e n  a c c o m p l i s h e d  to da t e .  I t h ink  g r e a t  
p r o g r e s s  has  b e e n  m a d e ,  I r e m e m b e r  Hap A r n o l d  and  h i s  a t t e m p t  to 
c r e a t e  P r o j e c t  Rand .  I r e m e m b e r  the  c o n d i t i o n s  a t  t ha t  t i m e .  I w a n t  
to a s s u r e  you  tha t  a g r e a t  d e a l  of p r o g r e s s  h a s  b e e n  m a d e  s i n c e  then .  
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B u t  I w o u l d  l i k e  to  l e a v e  w i t h  y o u  t h i s  p r o b l e m :  It  i s  o n l y  p e o p l e  
l ike  you  who  c a n  do i t ,  a n d  I a m  no t  p o i n t i n g  m y  f i n g e r  n o w  at  a n y  n o n -  
I n d u s t r i a l  C o l l e g e  g r a d u a t e  w i t h i n  the  m i l i t a r y  s e r v i c e .  I s a y  " p e o p l e  
l ike  you .  You  h a v e  to c o m e  h e r e  a n d  l e a r n  t h i s  r e l a t i o n s h i p  a n d  a p p l y  
i t  i n  y o u r  p o l i c y  d e c i s i o n s  s u b s e q u e n t l y  o r  you  h a v e  to c o m e  to t h e s e  
c o n c l u s i o n s  e l s e w h e r e ,  

T h e  s c i e n t i s t  c a n n o t  c r e a t e  a n e w  b o d y  of  s c i e n c e  by  a m i l i t a r y  o r d e r .  
He m u s t  h a v e  a d e s i r e  to  do i t .  I f  he  h a s  a g r i p e - - a n d  t h e y  do h a v e  
g r i p e s - - y o u  m u s t  d e a l  w i th  h i m ,  no t  on  a m i l i t a r y  b a s i s ,  n o t  p u t  h i m  in  
the  g u a r d h o u s e  on b r e a d  a n d  w a t e r ,  bu t  you  h a v e  to  s e l l  t h a t  guy .  T h i s  
i s  no t  p a r t  of  the  m i l i t a r y  t r a d i t i o n .  You d o n ' t  h a v e  to  s e l l  a n o n c o m -  
m i s s i o n e d  o f f i c e r  on  the  f ac t  tl~at he s h o u l d  e x e c u t e  y o u r  c o m m a n d .  Bu t  
you  do h a v e  to s e l l  t h e s e  s c i e n t i s t s .  

Y o u r  s k i l l  i n  r e c o g n i z i n g  h i s  r o l e  a n d  k e e p i n g  h i m  ou t  of r o l e s  t ha t  
he  d o e s n ' t  b e l o n g  in  i s  j u s t  a s  i m p o r t a n t ,  He i s  j u s t  a s  h u m a n  a s  you  
a r e .  He i s  a n  e m p i r e  b u i l d e r ,  too .  He o f t e n  l i k e s  to  g e t  o v e r  i n t o  y o u r  
p r o v i n c e ;  d o n ' t  l e t  h i m - - h e  i s  i n a d e q u a t e  t h e r e .  T h e r e  a r e  r a r e  e x c e p -  
t i o n s ,  bu t  u s u a l l y  he  i s  i n a d e q u a t e .  In  h i s  owm f i e l d  he  d o e s  no t  w o r k  
l ike  you  do. 

T h i s  h a s  a l l  t oo  f r e q u e n t l y  n o t  b e e n  r e c o g n i z e d  b y  m i l i t a r y  p e o p l e  
in  h i g h - p o l i c y  a r e a s .  I t  i s  o n l y  p e o p l e  l ike  y o u r s e l v e s ,  w:ho c o m e  h e r e  
to  s t u d y  t h i s  r e l a t i o n s h i p ,  and  ge t  f r o m  i t  t h a t  u n d e r s t a n d i n g  w h i c h  i s  
p a r t  of y o u r  t e a m ,  who  c a n  do i t .  I t  i s  no t  o n l y  a q u e s t i o n  of d e v i s i n g  
w e a p o n r y  a n d  e v e n  w e a p o n  s y s t e m s  a n d  a s s e s s i n g  m i l i t a r y  p r o b l e m s ,  b u t  
a l s o  g o i n g  ou t  mid p e r f e c t i n g  t h e i r  u s e .  You c a n  h a n d  ou t  a m a n u a l  on  how 
to u s e  a c o m p l e x  r a d a r ,  bu t  you  c a n ' t  h a n d  out  w i t h  i t  the  b r a i n s ,  t he  
u n d e r s t a n d i n g ,  of w h a t  h a p p e n s  w h e n  tha t  r a d a r  s y s t e m  h a s  a l i m i t a t i o n  
o r  a b r e a k d o w n ,  a n d  w h e t h e r  you  c a n  do s o m e t h i n g  on the  s i t e  o r  w h e t h e r  
you  h a v e  to s h i p  i t  b a c k  to the  f a c t o r y  a n d  f igh t  u n d e r  a d i s a d v a n t a g e .  
A n d  t h e  m i l i t a r y  c o m m a n d e r  s h o u l d  no t  t r y  to  do  i t .  So you  h a v e  to  i n t e -  
g r a t e  t h e s e  b o y s  i n t o  y o u r  p i c t u r e .  T h i s  i s  one  of  y o u r  m o s t  d i f f i c u l t  
p r o b l e m s .  

In  a t t e m p t i n g  to  a n s e r  y o u r  l e c t u r e  s c o p e ,  n a m e l y ,  " W h a t  i s  s c i e n c e  
do ing  to m a i n t a i n  the  r e l a t i v e  p o s i t i o n  of  s t r e n g t h  of  t he  U n i t e d  S t a t e s ? "  
we m u s t  c o n s i d e r  o u r  s c i e n t i f i c  p o t e n t i a l .  I d o n ' t  h a v e  to  e x p l a i n  t he  
m e a n i n g  of  " p o t e n t i a l "  to  you .  You  h a v e  i t  a l l  t h r o u g h  y o u r  own d o c u -  
m e n t s .  You  k n o w  w h a t  i s  m e a n t  b y  , ' u s i n g  o u r  p r o d u c t i o n  p o t e n t i a l .  " 
In  a d d i t i o n  to  tha t ,  a n d  m o s t  i m p o r t a n t  of a l l  f o r  t he  f u t u r e ,  i s  t he  s k i l l  
w i t h  w h i c h  t h o s e  f a c t o r s  a r e  i n t e g r a t e d  i n to  the  m i l i t a r y  p o t e n t i a l  of o u r  
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c o u n t r y ' s  f o r c e s .  T h u s  i t  c a n  be  a s s u m e d  tha t  t h i s  l i e s  b e h i n d  the  ob -  
j e c t i v e s  of  the  I n d u s t r i a l  C o l l e g e ,  a n d  in  p a r t i c u l a r  t h a t  s e c t i o n  of t h e  
c u r r i c u l u m  w h i c h  i s  d e v o t e d  to t e c h n o l o g i c a l  p i  ~g : :ess ,  to  w h i c h  t h i s  

i s  m e r e l y  an  i n t r o d u c t i o n .  

C O L O N E L  W A L K E R :  G e n t l e m e n ,  M r .  W a r d  i s  r e a d y  f o r  y o u r  

questions. 

MR. WARD: That is quite an assumption, but go ahead. 

QUESTION: Mr. Ward, are you recommending that basic research 

be done entirely by universities and industry, rather thanby the Govern- 

ment? 

MR. WARD; I don't thirik industry is very good at basic research. 
Industry talks about it, but I don't think it does very much research, 
although there are some isolated examples. As a matter of fact, so- 
called basic or fundamental research is best done by people who are 
completely free of any direction, who are doing something that has cap- 
tured their imagination, and who are very advanced scientists. 

Let me give you an example of what I would call basic research. 
The nature of the forces that combine atoms into molecules is not known. 
Their behavior, therefore, under gamma radiation to form new com- 

pounds is observed by people--they do not understand it. 

I would like to see in the United States an attack on that problem. 
It cannot be done in industry. It can't be done in the Government. It 
has to be done in the university atmosphere--as part of a graduate 
school environment, to which men willcome merely because this problem 
is being attacked and for no other reason--by men who are not interested 
necessarily in the salary, but who are intensely interested in making a 

contribution to the problem. 

We have not gone far enough with the problem in universities. There 
is a gentleman in London University who has written on this subject with 
great erudition. We have two Nobel Prize winners in California, one 
who has done great work in the field of chemistry and the other in the 
field of theoretical physics, who agree that this is one of civilization's 
greatest challenges. They say that, in spite of their preoccupation with 
other lines of research, this is such a vast challenge that they will give 
of their time and of their prestige in attacking the problem. Gentlemen, 

we have everything all set but the money. 
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We c a n n o t  go e v e n  to t he  O f f i c e  of  N a v a l  R e s e a r c h  a n d  s a y  we 
w o u l d  l i k e  m o n e y  to s u p p o r t  t h i s  p r o j e c t .  I t h i n k  i t  w o u l d  be  v e r y  d i f f i -  
c u l t  f o r  p e o p l e  i n  G o v e r n m e n t  to  g e t  a n y t h i n g  l i k e  i t  t h r o u g h  C o n g r e s s ,  
b e c a u s e t h e s e  m e n  w i l l  no t  c o m e  in  u n l e s s  t h i s  c a n  be  t h e i r  l i f e t i m e  w o r k .  
T h e y  w i l l  no t  c o m e  a n d  w o r k  on an  a n n u a l  b p d g e t .  T h e y  w i l l  n o t  c o m e  
u n l e s s  t h e y  a r e  m o v i n g  t h e i r  f a m i l i e s  a n d  t h e m s e l v e s ,  a n d  t h e i r  f u t u r e  i s  
s e c u r e  in  a f r i e n d l y  a t m o s p h e r e ,  n o n c o m m e r c i a l  a n d  n o n p o l i t i c a l - - s o m e -  
t h i n g  w h i c h  i n d i c a t e s  t h a t  t h e y  a r e  c a r r y i n g  out  t h e i r  u l t i m a t e  m i s s i o n  
w i t h i n  t h e i r  l i f e t i m e .  

I d o n ' t  know t h a t  I c a n  m a k e  t h i s  w h o l l y  c l e a r  to  you  a l l .  M a n y  of 
y o u  know t h i s .  T h e s e  m e n  c a n n o t  be  b o u g h t .  P r o f e s s o r  W e r n e r  H e i s e n b e r g  
of  G e r m a n y ,  who  e n u n c i a t e d  the  m a t h e m a t i c a l l y  s t a t e d  u n c e r t a i n t y  p r i n c i p l e  
w h i c h  i s  the  b a s i s  of m u c h  of t he  q u a n t u m  b e h a v i o r  of a t o m i c  s c i e n c e ,  w a s  
in the  R u s s i a n  a r e a .  T h e  R u s s i a n s  d id  e v e r y t h i n g  to i l f f l u e n c e  h i m  a n d  h i s  
f a m i l y  to go to  R u s s i a .  He r e f u s e d .  F o r  a n y o n e  to  r e f u s e  R u s s i a  w h e n  he  
i s  in  t h e i r  p o w e r  i s  no t  s i m p l e .  

I u s e  t h i s  i l l u s t r a t i o n  to  p o i n t  ou t  t h a t  t h e s e  m e n  a r e  a b o v e  the  m o t i -  
v a t i o n s  of  o r d i n a r y  h u m a n  b e i n g s .  H e i s e n b e r g  w o n ' t  c o m e  to  the  U n i t e d  
S t a t e s  e i t h e r .  He i s  g o i n g  to  p i c k  h i s  own e n v i r o n m e n t .  He i s  g o i n g  to 
w o r k  in  t h a t  e n v i r o n m e n t ,  on h i s  own i d e a s .  He i s  one  of  t h e  g r e a t  s c i e n -  
t i s t s  of  t he  w o r l d .  

T h e r e  w e r e  o t h e r  G e r m a n  s c i e n t i s t s  w i t h  t he  s a m e  a t t i t u d e .  T h e s e  
a r e  the  m e n  we a r e  t a l k i n g  a b o u t  in  f u n d a m e n t a l  r e s e a r c h .  Of  c o u r s e  t h e r e  
a r e  l e s s e r  m e n  a n d  a l s o  l e s s e r  r e s e a r c h  p r o j e c t s .  T h i s  i s  w h e r e  t h e  i m -  
p o r t a n c e  of  t h a t  p i e  c h a r t  c o m e s  in ,  w h i c h  s h o w s  the  r e l a t i v e  p r o p o r t i o n  
of research that is done in universities and nonprofit institutions. It is 
only in universities that you can build the environment for this kind of 
thinking. These men won't even to go most of the universities. In fact, 
there is not a single American university that can stack up With the tradi- 
tional great universities of Europe in which this kind of work is done. 

This is the Achilles' heel of our leadership for the future. It is the 
Achilles' heel in our generating within our environment the advanced 
technological knowledge which up to now, frankly, as a nation of doers and 
pioneers, we have imported. It is a foreign commodity. Many of the 
great professors who deal with these things now in the United States have 
been imported and are now American citizens. 
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So I c a n ' t  a n s w e r  y o u r  q u e s t i o n  o t h e r  t han  to s a y  tha t  th i s  is  not  a 

G o v e r n m e n t  func t ion ,  e x c e p t  tha t  the G o v e r n m e n t  can  supp ly  the  m o n e y .  
I don ' t  know if i t  wil l ,  b e c a u s e  i t  i m p l i e s  c o n t i n u e d  s u p p o r t ;  and  you  know 

the c o n g r e s s i o n a l  l i m i t a t i o n  on a p p r o p r i a t i o n s .  

W h e r e  wi l l  the m o n e y  c o m e  f r o m ?  U n i v e r s i t i e s  don ' t  h a v e  tha t  k ind  
of m o n e y .  It h a s  to c o m e  f r o m  e n l i g h t e n e d  A m e r i c a n  i n d u s t r y .  If the Du 
P o n t  C o m p a n y ,  f o r  i n s t a n c e ,  r e c o g n i z e d  tha t  i t s  g r e a t  o p u l e n c e  of t o d a y  
c a m e  out of G e r m a n y ,  i t  shou ld  suppo r t ,  in p e a n u t  t e r m s ,  a m o n g  o t h e r  
b ig  A m e r i c a n  c o r p o r a t i o n s ,  th i s  k ind  of e f f o r t  i n s i d e  o u r  c o u n t r y .  U n l e s s  
we c a n  b r e a k  th i s  p a t t e r n  in  o u r  u n i v e r s i t i e s - - a n d  I t h ink  a l l  u n i v e r s i t i e s  
c a n  r e a c h  out wi th  t h e i r  r e s o u r c e s  to do it  to  a g r e a t e r  o r  l e s s  d e g r e e ' -  
we wi l l  not  have  wi th in  the c o n t i n e n t a l  U n i t e d  S t a t e s  the  l o n g - r a n g e  s e c u -  

r i t y  of our  Na t ion .  

QUESTION: C a n . t he  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  he lp  in t h i s ;  and  
what is its relation at the present time to this whole effort? 

MR. WARD: I do not know the Foundation's relation to it, but I know 

it can help. 

Let's look at a test case. On my own initiative I wrote to a great uni- 

versity explaining this challenge that I mentioned to you. It came out of 
my work on NEPA as a byproduct and had to do with radiation synthesis in 

another form. I said, "What are the forces that cause some compounds 
to behave as they do under gamma radiation and others not to behave in 

t ha t  w a y ?  What  i s  the m e c h a n i s m ? "  

I e x p l a i n e d  the  s c o p e  of th i s  p r o b l e m  to tha t  u n i v e r s i t y .  You would  
be i n t e r e s t e d  in  wha t  it  s a id .  The  v i c e  p r e s i d e n t ,  a v e r y  w e l l - k n o w n  m a n  
n a t i o n a l l y ,  sa id ,  "We a r e  doing th i s  k ind  of w o r k .  " Wel l ,  he m i s s e d  

the poin t .  

A p r o f e s s o r ,  the  c h a i r m a n  of the  p h y s i c s  d e p a r t m e n t ,  to w h o m  I s e n t  
a c o p y  of tha t  l e t t e r ,  w r o t e  b a c k  to m e ,  " F o r  s ix  y e a r s  I h a v e  h a d  as  a 
d r e a m  one f a c e t  of t h i s  p r o b l e m  and  how to get  i t  s t a r t e d .  " The  p r e s i d e n t  
of the  u n i v e r s i t y  w r o t e  to m e ,  " I don ' t  know wha t  you a r e  t a l k ing  about ,  

but  i t  sounds:  a w f u l l y  good.  " 

I know f ive  t r u s t e e s  of tha t  u n i v e r s i t y  who a l s o  don ' t  know wha t  we 
a r e  t a l k i ng  a b o u t ,  a l t hough  t h e y  th ink  i t  i s  a w f u l l y  good.  T h e y  a r e  in  
s o m e  of o u r  g r e a t  c o r p o r a t i o n s  and  m a y  s u p p o r t  s o m e  of th i s  m o v e m e n t .  

T h e y  a r e  look ing  into  th i s  th ing .  
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This is a typical example of the problem in which that chairman of 
physics has interested his fellow colleagues. He hunted all over the 
world for papers written in all the languages bearing on the problem. 
I-Ie tried to find a young man in an educational institution who would serve 
as the starter. This is what it takes: Funds to support five scientists in 
five separate regimes of science, to act as a nucleus or team, through 
which there can be spread throughout the world the fact that this problem 
is being attacked here in the United States, and that it is a permanent 
effort within a graduate school framework. That is where it stands. 

I don't know that this answers your question. But if the Science 
Foundation could pick this up, if it were known that it was interested in 
such a project, the prestige of the project would move forward. 

One of the g e n t l e m e n  who i s  go ing  to  a s s o c i a t e  h i m s e l f  in  th i s  p r o -  
j e c t  i s  the p r e s i d e n t  of the  A m e r i c a n  P h y s i c a l  S c i e n c e  A s s o c i a t i o n  today ,  
wh ich  i s  one of t h e  top s c i e n t i f i c  b o d i e s .  I th ink  it  n e e d s  tha t  kind of 
s u p p o r t .  But  it r e a l l y  n e e d s  m o n e y  and an a s s u r a n c e  of the c o n t i n u a t i o n  
of tha t  m o n e y ,  so  tha t  i t  i s  not  the  w h i m s e y  of a b o a r d  of  d i r e c t o r s  of  X 
c o r p o r a t i o n  o r  an  a p p r o p r i a t i o n  c o m m i t t e e  of  Y c o n g r e s s .  

Q U E S T I O N :  P e r h a p s  you  wen t  to f a s t  f o r  m e ,  M r .  W a r d ,  bu t  I s e e m  
to  f ind a d i s c r e p a n c y  b e t w e e n  y o u r  a p p r o v a l  of  the f r e e d o m  of a w o r k e r  
to go f r o m  h e r e  to C a l i f o r n i a  and y o u r  a p p a r e n t  d i s g u s t  wi th  the  r i gh t  of 
the g r a d u a t e  of a h igh s c h o o l  to c h o o s e  h i s  own c o l l e g e  c a r e e r .  You c a l l e d  
i t  c h i l d i s h  i g n o r a n c e .  

MR. WARD: No. Not  at  a l l .  I a m  a f r a i d  I w a s n ' t  c l e a r .  I thought  
I s a i d  th i s :  In R u s s i a  t h e y  o r d e r  the y o u n g  m a n  w h e r e  to go and wha t  to  
s t u d y .  T h e y  do i t  b y  e d u c a t i o n a l  t e s t s  and an I. Q, e q u i v a l e n t .  T h e y  
s t a r t  h im  out  wi th  s o m e  type  of p s y c h o l o g i c a l  t e s t .  T h e y  don ' t  do it  
b l i n d l y .  T h e y  u s e  the t e c h n i q u e s  that  p s y c h o l o g y  t e a c h e s  and  tha t  e d u c a -  
t ion  t e a c h e s .  The  m a n  f a l l s  in to  a c l a s s  and that  i s  w h e r e  he  g o e s .  I 
s a i d  tha t  in the U n i t e d  S t a t e s  th i s  i s n ' t  t r u e .  I w i l l  i l l u s t r a t e  o u r  w e a k n e s s .  

A few y e a r s  ago,  I b e l i e v e ,  " L i f e "  m a g a z i n e  p u b l i s h e d  an  a r t i c l e  in 
abou t  1950, s o m e t i m e  b e f o r e  K o r e a .  The  a r t i c l e  was  b y  a m a n  a t  T o l e d o  
U n i v e r s i t y .  The  a r t i c l e  s a i d  t h e r e  w a s  an  o v e r s u p p l y  of e n g i n e e r s  in 
the  U n i t e d  S t a t e s .  

As witness, "Life" had sent, presumably, one of its all-seeing and 
all-knowing correspondents, probably from a school of journalism, who 
had never studied physics. He went to this university and came up with 

39 



the remarkable social statistic that only 38 percent of the students of 
Toledo University in engineering had secured jobs at graduation, im- 
plying that the remaining 62 percent were going to be on the town, so to 
speak, and would have to work as bank runners or something. 

Before that article appeared, it was submitted to several educators, 
whom I don't wish to name. One was a speaker before your college, who 
became incensed and said that in his institution 88 percent of the engineer- 
ing students had taken jobs, and the other 32 percent could but didn't 
choose to, because they wanted to have a last vacation before they put 
their heads in a noose for the rest of their lives--that was normal. There- 
fore he said, "A number of things will have to be extracted from the 
Bureau of Labor Statistics' figures. " The statistics were correct, but 
the implications were incorrect. They had used these stalistics to come 
to the conclusion that there were too many engineers in the country. 
That is a typical example of how you can take a general fact and come up 
with a completely inaccurate conclusion. But out of this they produced 

the article. 

What happened? The enrollment •in every engineering school in this 
country fell off the next year. That is the power of the written word in 

the circulation of a great medium like "Life. " 

Now, this dean of engineering rushed to Washington and sat down 
with the Bureau of Labor Statistics and showed it the fallacy of its statis- 
tics. The Bureau revised its approach and the implication in its report. 
Alas, the article was all set. The dean warned "Life" not to publish the 
article. But its representatives said, "The presses are all ready. For 
goodness' sake, we did the best job we knew how, let it go. 

So a committee of educators was formed. They attacked this prob- 
lem here in Washington. It was very grave. The dean became consultant 
to General Hershey, a gentlemen who in the past had been very brusque 
about this question of using technical talent for technica] purposes in the 
military machine. And the educational institutions went to work. The 
barn was then locked, but the horse had left. We suffered for two solid 
years in the engineering colleges for one "Life" article and all of its 
ramifications. We learned that vocational directors of secondary schools 
were telling their students: "Don't go into engineering, my friend, unless 
you are absolutely sure it is the only thing you ever want to do. There 
are too many. " So, much of the good material went elsewhere. 
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M y  c o m m e n t s  w e r e  d i r e c t e d  t o w a r d  t ha t  k ind  of  p r o c e s s ,  no t  to -  
w a r d  the  f ac t  t ha t  we h a v e  f r e e d o m  in  t h i s  c o u n t r y ,  E v e r y t h i n g  I s a i d  
w a s  to  s h o w  tha t  t he  S o v i e t  i s  i n f e r i o r  to  u s  by  the  l a c k  of f r e e d o m .  Bu t  
the  v e r y  f r e e d o m  m e a n s  r e s p o n s i b i l i t y .  A n d  t h i s  i s  a c a s e  of  : r e s p o n s i _  
b i l i t y .  I t  i s  so  i m p o r t a n t .  P e o p l e  s a y  to us ,  " O u r  f r e e d o m  h a s  s t r e n g t h  
a n d  not  i r r e s p o n s i b i l i t y ,  " I h o p e  I h a v e  c o r r e c t e d  a n y  f a l s e  i m p r e s s i o n  
you  got  on f r e e d o m .  

Q U E S T I O N :  I t h i n k  w h a t  you  s a i d  w a s  tha t  you  w a n t e d  a m o r e  in-~ 
f o r m e d  a n d  e n l i g h t e n e d  c h o i c e .  

~ u  

M R .  WARD: I d id .  I w o u l d  Like to h a v e  the  f a c t s  b e h i n d  t he  s t 0 r ~  
t ha t  we d i s c u s s e d  t h i s  m o r n i n g  m o r e  c l e a r l y  u n d e r s t o o d  o u t s i d e  the  
c o l l e g e .  B u t  I a m  t a l k i n g  to t he  c o l l e g e .  

C O L O N E L  W A L K E R :  M r .  W a r d ,  I know I s p e a k  f o r  a l l  of  u s  w h e n  
I s a y  t ha t  we h a v e  c e r t a i n l y  e n j o y e d  h a v i n g  you  wi th  u s  f o r  a n o t h e r  y e a r .  
You  h a v e  g i v e n  u s  a n o t h e r  one  of y o u r  o u t s t a n d i n g  p r e s e n t a t i o n s .  F o r  
o u r  C o m m a n d a n t  and  a l l  of u s ,  I s i n c e r e l y  t h a n k  you .  ~ 

(29 N o v  1 9 5 4 - - 7 5 0 ) S / g m h  
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