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S C I E N C E  AND T E C H N O L O G Y  IN T H E  U. S. 

22 A u g u s t  1960 

TODAY 

G E N E R A L  NIUNDY: It ha s  b e e n  o u r  c u s t o m  e a c h  y e a r  to o p e n  the  

a c a d e m i c  y e a r  w i th  a l e c t u r e  to the  C o l l e g e  in  a jo in t  s e s s i o n  w i th  the  

W a r  C o l l e g e  by  the  S e c r e t a r y  of S ta te  on the  w o r l d  c l i m a t e .  We h a v e  

had t h i s  s c h e d u l e d  t h i s  y e a r ,  but  the  p r e s s u r e  of c u r r e n t  b u s i n e s s  and  

the  m e e t i n g  of the  O r g a n i z a t i o n  of A m e r i c a n  S t a t e s ,  and wha t  not ,  h a v e  

c a u s e d  the  S e c r e t a r y  to p o s t p o n e  h i s  t a l k  to  s o m e t i m e  in  O c t o b e r .  

So, a s  a c o n s e q u e n c e  of  t h i s ,  we  h a v e  m o v e d  a n  o u t s t a n d i n g  t a l k  

by an  o u t s t a n d i n g  s p e a k e r  in one of the  s e r i e s  of t h e s e  o p e n i n g  t a l k s  up 

to  t h i s  p o s i t i o n  of b e i n g  the  s t a r t i n g  l e c t u r e  t o d a y .  

I c a n ' t  t h i n k  of any  s p e a k e r  who d e s e r v e s  t he  h o n o r  m o r e  of d e l i v e r -  

ing  the  f i r s t  l e c t u r e  f r o m  th i s  r o s t r u m  in t h i s  n e w  b u i l d i n g  to  a c l a s s  

t h a n  o u r  s p e a k e r ,  M r .  J .  C a r l t o n  W a r d ,  who w i l l  t a l k  to us  on t h e  

S c i e n c e  and  T e c h n o l o g y  in the  Uni ted  S t a t e s  T o d a y .  

You have  a l l  r e a d  h i s  b i o g r a p h y ,  but  I 'd  Like to  t e l l  you  tha t  he  has  

b e e n  a l o n g - t i m e  f r i e n d  to t h i s  C o l l e g e .  

e a r l y  t h i r t i e s  and has  b e e n  c o n t i n u o u s .  

His  a s s o c i a t i o n  b e g a n  in the  

C u r r e n t l y  he is  the  C h a i r m a n  

of o u r  B o a r d  of A d v i s e r s .  Th i s  i s  a v e r y  i m p o r t a n t  g r o u p  of v e r y  

i m p o r t a n t  m e n .  He has  m a d e  a r e a l ,  s u b s t a n t i a l  c o n t r i b u t i o n  to the  

College. 



C a r l t o n j  i t  is  a r e a l  p r i v i l e g e  to  w e l c o m e  you to the  C o l l e g e  and 

to c o n g r a t u l a t e  you on th i s  f i r s t .  G e n t l e m e n ,  Mr .  J .  C a r l t o n  Ward ,  

P r e s i d e n t  of A m e r i c a n  Vi t ro ,  and C h a i r m a n  of the  B o a r d  of A d v i s e r s  

of ICAF.  

MR. WARD: G e n t l e m e n ,  I have  s o m e  d e g r e e  of e m o t i o n  in s t a n d i n g  

h e r e  today .  I t a l k e d  to  the  G e n e r a l  b e f o r e  e x e c u t i n g  th i s  a s s i g n m e n t  and 

to ld  h im  I f e l t  v e r y  s t r o n g l y  tha t  t h i s  to m e  is  a m i l e s t o n e ,  and I am s u r e  

it  i s  to  you.  

F i r s t ,  I want  to  c o n g r a t u l a t e  you.  I want  to  c o n g r a t u l a t e  you on h a v i n g  

b e e n  c h o s e n  to a t t e n d  th i s  C o l l e g e  and fo r  the  o p p o r t u n i t y  of e x p l o r i n g  the  

c u r r i c u l u m .  

I s t a r t e d  m y  c o n t a c t  wi th  the  C o l l e g e  as  i t  was  t h e n  o r g a n i z e d  in  

1936, and the  q u a r t e r s  wh ich  the  C o l l e g e  o c c u p i e d  had no s i m i l a r i t y  w h a t e v e r  

wi th  t h i s  r a t h e r  p a l a t i a l  a c c o m m o d a t i o n  tha t  you f ind  y o u r s e l v e s  in  today .  

In fac t ,  m y  r e c o l l e c t i o n  of the  f i r s t  l e c t u r e  tha t  I gave,  which ,  i n c i d e n t a l l y ,  

ff I r e m e m b e r  r igh t ,  was  on the  P r o d u c t i o n  of A i r c r a f t  E n g i n e s ,  was  tha t  

the  C o l l e g e  had m o r e  c o l u m n s  in the  r o o m  than  it  had s t u d e n t s .  I n o t i c e d  

a l l  d u r i n g  the  l e c t u r e ,  and it got  m y  m i n d  f r o m  t i m e  to  t i m e  w a n d e r i n g  

off the  p r o b l e m ,  t ha t  f i r s t  the  s t u d e n t ' s  head  a p p e a r e d  on t h i s  s i d e  of 

the  c o l u m n  and t h e n  it a p p e a r e d  on tha t  s i d e  of the  c o l u m n .  

So you s e e  that ,  in  l o o k i n g  b a c k w a r d  in the  c o r r i d o r  of t i m e ,  t h i s  

is  i n d e e d  a m i l e s t o n e .  It i s n ' t  j u s t  a p h y s i c a l  m i l e s t o n e ,  b e c a u s e ,  e v e n  
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in t hose  days  of the  t h i r t i e s ,  when A m e r i c a  was e s s e n t i a l l y  p a c i f i s t  

in i ts  th inking,  t h e r e  we re  some  of us who had l ived t h rough  World 

War  I - - w h e n  I s e r v e d  in the Ordnance  D e p a r t m e n t  of the A r m y  at  

W a t e r v l i e t  Ar sena l - -~vho  r e m e m b e r e d  the economic  p r o b l e m s  tha t  had 

h inde red  our  m i l i t a r y  m o v e m e n t .  I r e m e m b e r  so  we l l  how we fought 

that  wa r  with fo r e ign  o rdnance ,  and ye t  we had m o r e  t i m e  to p r e p a r e  

than  you wi l l  e v e r  see  aga in .  So I was v e r y  wi l l i ng  to put m y  head on 

the chopping b lock and come  down to t a lk  on the p r o b l e m s  of i n d u s t r y  

in suppor t  of the m i l i t a r y  e s t a b l i s h m e n t .  

Now, I l ived a l s o  t h rough  the pe r iod  of the w a r  and then the p o s t w a r  

per iod ,  when your  Col lege,  by o f f i c i a l  s t a tu t e  b e c a m e ,  wi th  the Na t iona l  

War  Col lege,  the  apex  of the whole m i l i t a r y  educa t iona l  e s t a b l i s h m e n t .  

If it had had any  a s p e c t s  of t r a i n i n g  in the e a r l i e r  d a y s - - a n d  it was  in 

m a n y  ways  a s p e c i a l i s t  co l l ege  for  l og i s t i c  o f f i c e r s - - i t  had t aken  and 

s t r u c k  out in  a new d i r e c t i o n  of the h ighes t  p r o f e s s i o n a l  educa t ion .  And 

your  c h a r t e r ,  as  you wel l  know, s p e c i f i e s  educa t ion  for  l e ad ing  in combat .  

In o t h e r  words ,  you wi l l  be m i l i t a r y  l e a d e r s ,  not  s p e c i a l i s t s ,  n e c e s s a r i l y .  

The s t r u g g l e  for  f a c i l i t i e s  I have w i t n e s s e d ,  and I have  even been  

on the f r i n g e s  o f  tha t  ba t t l e  f rom t i m e  to t i m e .  I a s s u r e  you that ,  in 

th i s  pe r iod  of s t r i n g e n t  budgets ,  fo r  th i s  Col lege  to have  the r e c o g n i t i o n  

tha t  b rough t  th i s  bu i ld ing  into be ing  is  a def in i te  s y m b o l  tha t  in the  h i g h e s t  

l eve l s  of our  G o v e r n m e n t  they  r e c o g n i z e  that ,  in  th is  age of cold war ,  

th i s  Col lege  is  p e r f o r m i n g  a unique funct ion.  



I would  n k e  to  add,  g e n t l e m e n ,  t h a t  i t  i s  m o r e  un ique  t h a n  you know.  

T h e r e  a r e  s o m e  o f f i c e r s  in  the  s e r v i c e s  who have  b e e n  a r o u n d  the  w o r l d  

and have  a t t e n d e d  o t h e r  s e n i o r  m i l i t a r y  c o l l e g e  i n s t i t u t i o n s  a r o u n d  the  

wor ld ,  and  t h e r e  is  no c o u n t e r p a r t  of t h i s  C o l l e g e .  You a r e  e n v i e d  fo r  

t h i s  o p p o r t u n i t y .  

I w i l l  c l o s e  th i s  b r i e f  i n t r o d u c t i o n  of m y  e m o t i o n a l  d i s t i l l a t i o n  h e r e  

by s a y i n g  tha t  a d i s t i n g u i s h e d  F r e n c h  o f f i c e r ,  d i s c u s s i n g  the  c o n d u c t  of 

ou r  t h e a t e r  c o m m a n d e r s  in  W o r l d  War  H, sa id ,  "You know, w h e n  we  

f i r s t  h e a r d  tha t  we w e r e  to be c o m m a n d e d  by A m e r i c a n  o f f i c e r s  in  t h e s e  

l a r g e  E u r o p e a n  t h e a t e r s ,  we though t  b a c k  to the  days  of F o c h  and P e r s h i n g ,  

and we fe l t  t ha t  A m e r i c a n  m i l i t a r y  c o m m a n d e r s  w e r e  not  s u f f i c i e n t l y  s o p h -  

i s t i c a t e d .  We in  E u r o p e  had  had a long h i s t o r y  of w a r f a r e  b e t w e e n  n a t i o n s ,  

and we had m a d e  a s t u d y  of e a c h  o t h e r .  We fe l t  t ha t  A m e r i c a  was  s t i l l  

s o m e w h a t  i s o l a t e d  and not  s o p h i s t i c a t e d .  And yet ,  as  the  w a r  wen t  

f o r w a r d ,  we found y o u r  t h e a t e r  c o m m a n d e r s  to m e a s u r e  wi th  the  g r e a t e s t  

m i l i t a r y  c o m m a n d e r s  in h i s t o r y .  " Why?  How was  th i s  p o s s i b l e ?  

This  F r e n c h  o f f i c e r  c o n c l u d e d  by s a y i n g  tha t  he  f e l t  t ha t  a l a r g e  m e a s u r e  

of s o p h i s t i c a t i o n  had c o m e  about  t h r o u g h  the  w o r k  done  in  the  s e n i o r  

m i l i t a r y  c o l l e g e s .  

G e n t l e m e n ,  you  h a v e  an  o p p o r t u n i t y  tha t  e v e n  t h o s e  W o r l d  War  II 

c o m m a n d e r s  n e v e r  had; and  t h a t ' s  t he  m i s s i o n  of t h i s  C o l l e g e  in  a 

co ld  w a r  w h e r e  e c o n o m i c  w a r f a r e  i s  the  m o d e  of the  day .  
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I have  j u s t  c o n c l u d e d  a t r i p  t h r o u g h  a l l  t he  NATO s e n i o r  c o m m a n d s  

and ou r  own c o m m a n d s  in E u r o p e ,  and I to ld  G e n e r a l  Mundy  t h i s  m o r n -  

ing in ou r  l i t t l e  i n f o r m a l  cha t  t o g e t h e r  tha t  I was  s t r u c k  by the  s o p h i s -  

t i c a t i o n  of ou r  s e n i o r  A m e r i c a n  c o m m a n d e r s .  Now, I t a l k e d  wi th  G e r m a n  

o f f i c e r s ,  T u r k i s h  o f f i c e r s ,  F r e n c h  o f f i c e r s ,  and E n g l i s h  o f f i c e r s - - a l l  

p a r t  of N A T O  c o m m a n d .  T h e r e  was  a t i m e ,  and t he  G e n e r a l  w i l l  t e l l  

you of the  t i m e ,  w h e n  he  was  a War  C o l l e g e  s t u d e n t ,  w h e n  he f e l t  he was  

u n s o p h i s t i c a t e d ,  and when  the  E n g l i s h  o f f i c e r s  a s s i g n e d  t h e n  to the  W a r  

C o l l e g e  s h o w e d  a d e g r e e  of s o p h i s t i c a t i o n  wh ich  he s o m e w h a t  e n v i e d .  

Th i s  is  no lor~ger t r u e .  

You have  th i s  oppo r tun i t y ,  g e n t l e m e n ,  to  s u r v e y  w o r l d  a f f a i r s  f r o m  

an a s p e c t  of o b s e r v a t i o n  w h i c h  is  s t i l l  u~ ique  in  the  m i l i t a r y  s y s t e m .  I 

t h e r e f o r e  envy  you and I c o m p l i m e n t  you.  

Th i s  is  not  the  s u b j e c t  of m y  l e c t u r e ,  so  I am e igh t  m i n u t e s  beh ind ,  

and I 'm  go ing  to  have  to  s t e a l  tha t  b a c k  s o m e h o w ,  but  I have  got  s o m e t h i n g  

off m y  c h e s t .  

My s u b j e c t  is  S c i e n c e  and T e c h n o l o g y  in the  Uni t ed  S t a t e s  Today .  

P e r h a p s ,  in  i n t r o d u c i n g  th i s ,  it  m i g h t  be  w e l l  to  ou t l i ne  a few a r e a s  

wh ich  I have  put down as  t y p i c a l  of th i s  c h a l l e n g e .  The  f i r s t  one  is  the  

b i o l o g i c a l  and l i fe  s c i e n c e s .  I am  s u r e  tha t  m o s t  of you d o n ' t  f e e l  too  

m u c h  at  h o m e  in th i s  a r e a ,  but,  ff you w e r e  s u b s c r i b e r s  to the  m a g a z i n e ,  

S c i e n c e ,  w h i c h  is  the  o f f i c i a l  j o u r n a l  of the  A m e r i c a n  A s s o c i a t i o n  f o r  t he  
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A d v a n c e m e n t  of S c i e n c e ,  you would  f ind tha t  a t  l e a s t  75 p e r c e n t  of t he  

l e a r n e d  p a p e r s  p u b l i s h e d  t o d a y  l i e  in  t h i s  f i e ld .  Th i s  has  b e e n  b r o u g h t  

about  by the  d e v e l o p m e n t  of s u p e r i o r  i n s t r u m e n t a t i o n  and t he  k n o w l e d g e  

of r a d i a t i o n  and of i s o t o p e s .  In a way,  it is  s p a w n e d  by the  a t o m i c  age .  

F o r  the  f i r s t  t i m e  it i s  s a i d  tha t  m e d i c i n e  has  a d v a n c e d  f u r t h e r  s i n c e  

Wor ld  War  H than  it did in the  t h o u s a n d s  of y e a r s  tha t  p r e c e d e d  tha t  

p e r i o d .  L a r g e l y ,  t h i s  i s  a t t r i b u t e d  to  the  k n o w l e d g e  tha t  is  c o m i n g  to  

us t h r o u g h  the  u se  of i s o t o p e s  and r a d i a t i o n .  

My s e c o n d  a r e a  is  an obv ious  one,  and you know m o r e  about  i t  t han  

I. Th i s  is  s p a c e  s c i e n c e .  A l l  you  have  to  do i s  r e a d  the  n e w s  of the  l a s t  
bo th  

two w e e k s / h e r e  and  in R u s s i a  to s e e  the  e n o r m o u s  i m p r o v e m e n t  in s p a c e  

s c i e n c e .  The  c h a l l e n g e  in  s p a c e  s c i e n c e  is  b i o l o g i c a l  as  w e l l  as  p h y s i c a l  

in  i t s  i n i m i c a l  e n v i r o n m e n t  f o r  m a n .  In s p i t e  of t he  r e c o v e r y  of the  dogs  

and the  b roadcas t~ :  of  the  l a s t  24 h o u r s  f r o m  R u s s i a ,  it  is  not  s i m p l e .  

When  you t a lk  of  i n t e r p l a n e t a r y  and m o o n  v i s i t s  and t he  l ike ,  t h e r e  a r e  

s t i l l  m a n y  u n s o l v e d  p r o b l e m s  in th i s  f i e l d .  

The  nex t  a r e a  I 'd  l i ke  to m e n t i o n  b r i e f l y  is tha t  of m e t e o r o l o g y  and 

w e a t h e r  c o n t r o l .  Now, t h i s  s o u n d s  l ike  Don Q~ixo te  t i l t i n g  at a wind  m i l l - -  

to  c o n t r o l  w e a t h e r .  You a r e  a l l  f a m i l i a r  wi th  the  fac t  tha t  the  e n e r g y  in 

a s i n g l e  t o r n a d o  o r  c y c l o n e  is  t h o u s a n d s  of  t i m e s  tha t  of ou r  l a r g e s t  

h y d r o g e n  b o m b s .  How, then ,  do we c o n t r o l  s u c h  p h e n o m e n a ?  We c o n t r o l  

t h e m  by c a t c h i n g  t h e m  in  t he  s e e d  f o r m .  But  you f i r s t  have  to know w h e r e  
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the  s e e d  f o r m  e x i s t s .  So, in th i s  new a s p e c t  of m e t e o r o l o g y ,  the  w o r l d  

is  c o n f r o n t e d  wi th  the  p o s s i b i l i t y  and c h a l l e n g e  tha t  s c i e n c e  can  in a 

m e a s u r a b l e  d e g r e e  c h a n g e  the  w e a t h e r .  I d o n ' t  h a v e  to t e l l  you f r o m  a 

m i l i t a r y  s e n s e  what  t h i s  would  m e a n  to you.  

The  nex t  a r e a  tha t  I j o t t ed  down is  o c e a n o g r a p h y .  Th i s  h a p p e n s  

p e c u l i a r l y  to be  an  a r e a  in w h i c h  y o u r  m a j o r  e n e m y  has  b e e n  c o n c e n -  

t r a t i n g  fo r  s o m e  t i ~ e .  Many  s c i e n t i s t s  a r e  w i l l i n g  to  a d m i t  tha t  t h e y  

p r o b a b l y  l ead  us  by a f a i r  m a r g i n .  At l e a s t ,  the  v o l u m e  of t h e i r  w o r k  

i s  f a r  b e y o n d  o u r s ,  and we know tha t  t h e i r  c a p a b i l i t y  is  e q u a l  to o u r s .  

T h e r e  m a y  be s o m e  a m o n g  you in t h i s  a u d i e n c e  who would  l ike  to c h a l -  

l enge  th i s  s t a t e m e n t .  I do not .  If you a r e  s u b s c r i b e r s  to  the  p r e s e n t  

m a g a z i n e ,  w h i c h  I t h i n k  is  the  b e s t  of i t s  kind,  the  S c i e n t i f i c  A m e r i c a n ,  

in  the  June  i s s u e  you w i l l  r e a d  the  f i r s t  a r t i c l e  by a R u s s i a n  tha t  e x h i b i t s  

the  m o s t  e x q u i s i t e  i m a g i n a t i o n  in  the  e n t i r e  f i e ld  of s c i e n c e  and e x p e r i -  

m e n t a l  p h y s i c s .  F o r  the  f i r s t  t i m e  in h i s t o r y  we have  the  f o u r t h  s e t  of 

f o r c e s - - N e w t o n  h a v i n g  p o s t u l a t e d  the  b e h a v i o r  of the  f i r s t  se t ,  w h i c h  is  

tha t  b e t w e e n  b o d i e s ;  Dr .  J .  J.  T h o m p s o n ,  an E n g l i s h m a n ,  h a v i n g  d i s c o v e r e d  

the  e l e c t r o n ,  w h i c h  led  to what  we now c a l l  e l e c t r o n i c  f o r c e s  (which  a f t e r  

a l l  is c h e m i s t r y ) ;  and,  l a s t l y ,  the  p r e - W o r l d - W a r - H  d i s c o v e r i e s  of the  

n e u t r o n  f o r c e s  o r  n u c l e o n  f o r c e s  tha t  l ie  a t  the  h e a r t  of a t o m s .  No one,  

no one  had m e a s u r e d  o r  had c o r r e c t l y  d e f i n e d  m o l e c u l a r  f o r c e s  b e f o r e .  T h e s e  

a r e  a l m o s t  u n i v e r s a l l y  app l i c a t i on ,  t h u m b  p r i n t s  on a p l a t e  of g l a s s ,  m i s t s  
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on a window,  a d h e s i v e s ,  s u r f a c e  f o r c e s - - a n d  wi thou t  s u r f a c e  f o r c e s  

t h e r e  would  be no l i g h t - - o s m o s i s ,  and so  m a n y  t h i n g s  tha t  the  l i s t  would  

be  i n t e r m i n a b l y  long.  No one  had e v e r  m e a s u r e d  n o r  s o l v e d  n o r  put  a 

m a t h e m a t i c a l  e x p r e s s i o n  on t h o s e  f o r c e s  un t i l  the  R u s s i a n s .  

So n e v e r  d i s c o u n t  t h e i r  c a p a b i l i t y  in  s c i e n c e .  If you a r e  s t u d e n t s  

of the  h i s t o r y  of s c i e n c e  and go b a c k  to  tha t  of  C a t h e r i n e  of R u s s i a  and  

to the  N a t i o n a l  A c a d e m y  of S c i e n c e  in  R u s s i a ,  you  wi l l  f ind s o p h i s t i c a t i o n  

in p u r e  s c i e n c e  tha t  ws~s f a r  a h e a d  of ou r  own c i v i l i z a t i o n ,  o r  even ,  I 

m i g h t  say ,  in the  o p i n i o n  of m a n y ,  tha t  of E n g l a n d  as  we l l .  

A n o t h e r  b ig  a r e a ,  to  m e ,  is s o l i d - s t a t e  p h y s i c s .  Th i s  is  r e c e i v i n g  

m a j o r  a t t e n t i o n  in  the  Un i t ed  S t a t e s  Govern~nen t  today ,  b e c a u s e  it  h a s  

b e e n  a s s e s s e d  by s c i e n t i s t s  as  an  a r e a  in w h i c h  we a r e  not l e a d e r s .  

G e n t l e m e n ,  I d o n ' t  have  to t e l l  you  tha t  n e a r l y  e v e r y t h i n g  you do o r  e v e r y -  

t h i n g  you r e l y  on d e p e n d s  on m a t e r i a l s ,  and in o u t e r  s p a c e  you have  

d e m a n d s  fo r  m a t e r i a l s  tha t  do not  now ex i s t ,  tha t  a r e  not  a v a i l a b l e ,  w i th  

p r o p e r t i e s  tha t  we can  de f ine  but  not  f ind .  

So we look  now to  t h i s  v a s t  f i e ld  of s o L i d - s t a t e  p h y s i c s ,  and our  

G o v e r n m e n t  has  c o m e  up w i t h  the  r a t h e r  d i s a p p o i n t i n g  c o n c l u s i o n  tha t  

we do not  e v e n  have  e n o u g h  w o r k e r s  in the  f i e ld  in the  who le  Uni t ed  S t a t e s .  

So t h e i r  f i r s t  e f f o r t  i s  h e l p  the  s e l e c t e d  t h r e e  u n i v e r s i t i e s  to  s t a r t  a 

p r o g r a m  fo r  t r a i n i n g  P h . D .  ' s  in  th i s  m o d e r n  f i e ld  of m a t e r i a l s  w h i c h  

i n v o l v e s  the  d i s c i p l i n e s  of a d v a n c e d  c h e m i s t r y ,  of p h y s i c s ,  of m i n e r a l o g y ,  

of e n g i n e e r i n g  m a t e r i a l s - - m e n  who a r e  s o p h i s t i c a t e d  in  a l l  fou r .  We d o n ' t  
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p e r  ton.  

coa l .  So, if  you  can  f ind the  r e a d y  m e a n s  of g e t t i n g  i t  out, 

down y o u r  c o a l  m i n e s  s o  f a r  as  f u e l  is c o n c e r n e d .  

h a p p e n  to  have  m a n y .  Th i s  is  an  a t t a c k  upon  y o u r  b a s i c  p r o b l e m s  in 

s c i e n c e .  Th i s  can  c h a n g e  m u c h  of the  a p p a r a t u s  of m o d e r n  c i v i l i z a t i o n .  

A n o t h e r  a r e a  and a v e r y  n e g l e c t e d  one,  bo th  h e r e  and t h r o u g h o u t  

the  w o r l d ,  g e n e r a l l y  s p e a k i n g - - a l t h o u g h  I canno t  s p e a k  fo r  R u s s i a ,  c e r -  

t a i n l y - - i s  m i n e r a l  e x t r a c t i o n .  We have  v a s t  a m o u n t s  of m i n e r a l s  in  a 

h igh ly  d i f fu sed  c o n d i t i o n  in  the  Uni t ed  S t a t e s .  The  u r a n i u m  p r o s p e c t o r s  

d i s c o v e r e d  t h i s .  U r a n i u m  is  v e r y  w i d e l y  d i s p e r s e d  in the  w o r l d .  It i s  

in a l l  the  New E n g l a n d  g r a n i t e s .  If you w e r e  the  o w n e r  of  a G e i g e r  c o u n -  

t e r  and  you took  i t  to c h u r c h  wi th  you, a New E n g l a n d  c h u r c h  bu i l t  wi th  

New E n g l a n d  g r a n i t e ,  the  G e i g e r  c o u n t e r  would  d r o w n  out t he  s e r m o n .  

T h e r e  i s  u r a n i u m  and t h o r i u m  in a l l  g r a n i t e s ,  but  i t  i s  on ly  20 g r a m s  

And ye t  tha t  20 g r a m s ,  in  t e r m s  of e n e r g y ,  is  m a n y  tons  of 

you can  shu t  

Now, th i s  i s  a s p e c t a c u l a r  way  of t e l l i n g  you tha t  t h e r e  a r e  v a s t  

u n t a p p e d  r e s o u r c e s ,  and  th i s  is  an  a r e a  fo r  s c i e n c e  and  t e c h n o l o g y  of 

g r e a t  c h a l l e n g e .  

I am  not  at  the  m o m e n t  a p o l i t i c a l  o r a t o r ,  and I d o n ' t  t h i n k  I e v e r  

w i l l  be .  But  t h i s  is  the  d o c u m e n t  c a l l e d  " D e c i s i o n s  fo r  a B e t t e r  A m e r i c a ,  

by the  R e p u b l i c a n  C o m m i t t e e  on P r o g r a m  and P r o g r e s s .  I m a g i n e  m y  

s u r p r i s e  w h e n  I s t a r t e d  to t o s s  t h i s  in to  the  w a s t e  b a s k e t  a f t e r  s c a n n i n g  

the  f i r s t  f ew p a g e s  to  s u d d e n l y  c o m e  upon  the  f ac t  tha t  a l a r g e  s h a r e  of 

t h i s  w h o l e  v o l u m e  is  e n t i t l e d  " T h e  I m p a c t  of S c i e n c e  and  T e c h n o l o g y .  " 
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Now, w h e n  a p o l i t i c a l  p a r t y  is  f o r c e d  to r e c o g n i z e  the  s u b j e c t  of 

the  a s s i g n e d  l e c t u r e  t oday  as  the  l a r g e s t  s i n g l e  c o m p o n e n t  of i t s  

d e c i s i o n s  fo r  a b e t t e r  ~ r i c a ,  th i s  C o l l e g e  c e r t a i n l y  ha s  r e c e i v e d  

a n o t h e r  b o o s t  fo r  i t s  c u r r i c u l u m .  

In the  New Y o r k  T i m e s  of l a s t  w e e k - - a n d  you w i l l  h e a r  m o r e  of t h i s  

in y o u r  c u r r i c u l u m - - i s  an  a r t i c l e ,  "Sov ie t  S t e e l  Goal  is  100 P e r c e n t  

Beyond  Tha t  of the  Un i t ed  S t a t e s .  " Tha t  a r t i c l e ,  w h i c h  a p p e a r e d  on 

A u g u s t  16, was  the  r e s u l t  of a v e r b a t i m  d i s c u s s i o n  b e t w e e n  K h r u s h c h e v  

and the  l e a d e r  of one of ou r  l a r g e  A m e r i c a n  l a b o r  u n i o n s  who w e n t  to  

R u s s i a  in  s p i t e  of b e i n g  a d m o n i s h e d  not  to  do so  by h i s  s u p e r i o r s  in  

the  A F o f L - C I O .  Th i s  is  t he  M a r i t i m e  Union.  In  t h i s  d i s c u s s i o n  

K h r u s h c h e v  s e t  f o r t h  h i s  p r e s e n t  a c c o m p l i s h i n e n t s  and h i s  goa l s .  When  

I r e c o v e r e d  f r o m  the  s h o c k  of t h i s - - t h a t  by 1980 he  w i l l  have  a s t e e l  

p r o d u c t i o n  of 265 m i l l i o n  tons  a n n u a l l y - - r e m e m b e r i n g  tha t  ou r  p r e s e n t  

m a x i m u m  t h e o r e t i c a l  c a p a c i t y  is  150 m i l l i o n  tons  and we a r e  r u n n i n g  at  

s o m e w h e r e  a r o u n d  80 m i l l i o n  tons  t o d a y - - a n d  the  R u s s i a n s  f e e l  tha t  t h e y  

w i l l  p r o d u c e  m o r e  s t e e l  t h a n  we in  the  y e a r  1 9 6 1 - - t h a t ' s  not  v e r y  f a r  

off, g e n t l e m e n - - t w o  d a y s  l a t e r  a n o t h e r  a r t i c l e  a p p e a r e d  in the  New Y o r k  

T i m e s  of a S u m m a r y  of S t ee l  P r o d u c t i o n  in  E a s t  A s i a .  Now, China  had 

a l m o s t  no p r o d u c t i o n .  It was  in the  o r d e r  of h u n d r e d s  of  t h o u s a n d s  of 

t ons .  Today  China  has  a v e r y  m e a s u r a b l e  p r o d u c t i o n  in the  o r d e r  of 

15 m i l l i o n  t o n s - - a n  a s t r o n o m i c  r i s e .  

J apan ,  w h i c h  in the  h e i g h t  of h e r  p r e p a r a t i o n  fo r  Wor ld  War  II, 
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w h e n  she  c o n t r o l l e d  M a n c h u r i a ' s  c o a l  and i ron ,  had a p r o d u c t i o n  of 

7, 600, 000 t o n s ,  Today ,  w i th  no M a n c h u r i a  and  i m p o r t i n g  c o a l  and i r o n  

to a v e r y  l a r g e  d e g r e e  and s c r a p  i r o n  f r o m  the  Uni ted  S t a t e s  and o t h e r  

p l a c e s ,  has  t oday  an output  of 16 m i l l i o n  t o n s .  F o r t u n a t e l y ,  we coun t  

h e r  on ou r  s i d e .  

But now, as  you go down t h r o u g h  I n d o n e s i a ,  S i a m ,  and India ,  you 

f ind s t i r r i n g  th i s  s a m e  g r o w t h  f a c t o r .  J u s t  as  ou r  g r o w t h  f a c t o r s  w e r e  

l a r g e  p e r c e n t a g e - w i s e - - a n d  of c o u r s e  t h e y  a r e  i n f in i t e  w h e n  you s t a r t  

f r o m  z e r o - - t h e i r  g r o w t h  f a c t o r s  a r e  v e r y  i m p r e s s i v e .  But I a l s o . m u s t  

say ,  so  i s  t h e i r  a c t u a l  q u a n t i t a t i v e  i m p r o v e m e n t .  

G e n t l e m e n ,  s t e e l  i s  an e x c e l l e n t  m e a s u r e  of t e c h n o l o g y  in any  c i v i l -  

i z a t i o n .  It is  one  of the  b a s i c  b a r o m e t e r s ,  the  o t h e r  one b e i n g  p o w e r .  

If you wi l l  look  at any  na t i on  and you h a v e n ' t  t i m e  fo r  a t h o r o u g h  s t u d y  

and you m e r e l y  s t u d y  p o w e r  c a p a b i l i t y  and t he  s t e e l  p r o d u c t i o n  in  u s e  

in any  g i v e n  c o u n t r y ,  you w i l l  c o m e  v e r y  c l o s e  to  i t s  e c o n o m i c  c a p a b i l i t y ,  

am.d~ fo r  you e v e n  m o r e  i m p o r t a n t ,  i t s  c a p a b i l i t y  in a m i l i t a r y  p o s t u r e .  

Now, so  m u c h  fo r  wha t  I c a l l  an  i n t r o d u c t i o n .  Now on to ou r  s u b j e c t .  

F i r s t  we ought  to  de f ine  s c i e n c e  and t e c h n o l o g y .  T h e r e  is  a g r e a t  a r e a  

of  m i s t y  m i s i n f o r m a t i o n  in  i n t e r p r e t i n g  t h e s e  two a r e a s .  T h e y  a r e  not  

a l ike ;  t h e y  a r e  qui te  d i f f e r e n t ;  and ye t  t h e y  a r e  c o n f u s e d .  In the  e a r l i e r  

days ,  when  the  m i l i t a r y  e s t a b l i s h m e n t  was  b e c o m i n g  m u c h  m o r e  c o n s c i o u s  

of the  r o l e  of s c i e n t i s t s  in  t h e i r  o v e r a l l  po l icy ,  t h e y  c o n f u s e d  it .  Wi th in  

the  M a n h a t t a n  D i s t r i c t ,  in the  g e n e r a t i o n  of the  f i r s t  b o m b s ,  th i s  was  one 
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of the  m o s t  d i s t r e s s i n g  p r o b l e m s  of o r g a n i z a t i o n  w i t h i n  tha t  g r e a t  e f fo r t .  

L e t ' s  go to  the  po in t  of what  is  s c i e n c e .  G e n t l e m e n ,  in  the  s e n s e  in 

w h i c h  we d i s c u s s  it h e r e ,  s c i e n c e  i s  t he  b e h a v i o r  and k n o w l e d g e  of 

b e h a v i o r  of the  m a t e r i a l s  and f o r c e s  of t he  u n i v e r s e .  

L o r d  Ke lv in ,  one of the  g r e a t  s c i e n t i s t s  of a l l  t i m e ,  d e f i n e d  in  a 
in 

s i m p l e  way  tha t  I t h i n k  we c a n  d e a l  w i t h / t h i s  c o n c e p t  by  s ay ing ,  " I f  

you c a n ' t  m e a s u r e  it, i t  i s n ' t  s c i e n t i f i c .  " L e t ' s  t h ink  of tha t  f o r  a m i n -  

ute ,  b e c a u s e  you a r e  go ing  to be d e a l i n g  wi th  the  s o c i a l  s c i e n c e s ,  and  

the  s o c i a l  s c i e n c e s  a r e  c o n t i n u a l l y  s t r u g g l i n g  wi th  the  i n a b i l i t y  to m e a s u r e .  

Th i s  i s  why it has  b e e n  sa id  that ,  i f  you  la id  a l l  of ou r  e c o n o m i s t s  in  

g o v e r n m e n t  end to  end  s t a t i s t i c a l l y ,  t h e y  would  r e a c h  no c o n c l u s i o n .  

T h e y  u s e  f i g u r e s  and  s t a t i s t i c a l  m e t h o d s  and m a t h e m a t i c s  in  the  d e v e l o p -  

m e n t  of t he  m a t e r i a l  f r o m  w h i c h  t h e y  t h e o r i z e ,  but,  aL~s and u n f o r t u n a t e l y ,  

the  un i t s  tha t  t h e y  u s e  a r e  in  y o u r  old  t e x t b o o k s  on a r i t h m e t i c  l a b e l e d  

i n c o m m e n s u r a b l e .  Who i s  an  a v e r a g e  m a n ?  What  is  a c o n s t a n t  d o l t a r ?  

What  is a m e a s u r e  of g r o s s  n a t i o n a l  p r o d u c t  ? 

J u s t  th ink,  in  ou r  ,ca,[c~Eation in  the  C o m m e r c e  D e p a r t m e n t ,  g r o s s  

n a t i o n a l  p r o d u c t  was  a s s i g n e d  a q u a n t i t i v e  f i g u r e  f o r  the  p r o d u c t i v i t y  of 

h o u s e w i v e s .  D o e s  any  one  of you d a r e  to m e a s u r e  the  p r o d u c t i v i t y  of 

y o u r  h o u s e w i f e  ? 

G e n t l e m e n ,  s o c i a l  s t a t i s t i c s  a r e  r i d d l e d  wi th  a s s u m p t i o n s .  F o r  m y  

p u r p o s e  t o d a y  I wi l l  o v e r a c c e n t u a t e  t h i s  p r o b l e m  by d e f i n i n g  a s t a t i s t i c i a n ,  

w h i c h  is  to s a y  a s o c i a l  e c o n o m i s t ,  as  a m a n  who d r a w s  a s t r a i g h t  l ine  
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f r o m  an  u n w a r r a n t e d  a s s u m p t i o n  to a f o r e g o n e  c o n c l u s i o n .  

Much  of the  da ta  I am go ing  to  p r e s e n t  f o r  y o u r  a t t e n t i o n  t o d a y  ~is 

s o c i a l  s t a t i s t i c s ,  and I c h a l l e n g e  you to look  at  t h e s e  da ta  and t r y  to 

f ind the  A c h i l l e s  h e e l ,  b e c a u s e  i t ' s  t h e r e .  Yet  I know of no b e t t e r  s u b -  

s t i t u t e ,  a n d  you in  y o u r  w o r k  in t h i s  C o l l e g e  a r e  go ing  to  d e a l  wi th  

t h e s e  f i g u r e s  c o n s t a n t l y  in one  o r  a n o t h e r  v a r i e t y  of f o r m s .  So I a g a i n  

w a r n  you, r e m e m b e r  tha t  s t a t i s t i c i a n s  a r e  h u m a n  and tha t  any  a t t e m p t  

to  f ind out wha t  is  the  g r o s s  n a t i o n a l  p r o d u c t  of B u r m a ,  f o r  i n s t a n c e ,  

wi th  no g r e a t  b l a c k  b o x e s  and  h i g h l y  o r g a n i z e d  s e n s e s  and  m a c h i n e r y ,  

and wi th  m a n y  of i t s  c i t i z e n s  l i v i n g  in  c o u n t r y  tha t  is  i n a c c e s s i b l e ,  w i l l  

have  p e r h a p s  a g r e a t  a r e a  of u n c e r t a i n t y  i~  a ~  f i g h t s  w h i c h  you  a r e  

go ing  to  d e r i v e .  N e v e r t h e l e s s  t h e y  a r e  the  b e s t  t oo l s  a v a i l a b l e .  And 

a l l  I can  s a y  fo r  t he  s o c i a l  s c i e r ~ i s ~ - - - b e c a u s e  t h a t ' s  wha t  s o m e b o d y  has  

l a b e l e d  t h e m - - i s  tha t  t h e y  have  a v e r y  d i f f i cu l t  t a s k .  U n d e r  the  i m p r e s s  

of L o r d  K e l v i n  t h e y  a r e  not  s c i e n t i s t s .  T h e y  canno t  m e a s u r e .  

I want  to  g ive  you an  e x a m p l e  of wha t  I m e a n ,  b e c a u s e  s c i e n c e  m o v e s  

no f a s t e r  t h a n  i t s  a b i l i t y  to  m e a s u r e .  In o t h e r  w o r d s ,  i t  is  i n s t r u m e n t a t i o n .  

It is  one  t h i n g  to  put a m o n k e y  up in the  a i r ,  but, u n l e s s  you know what  

h a p p e n s  to  the  m o n k e y  up in  the  a i r ,  you  h a v e n ' t  done  m u c h .  So i n s t r u -  

m e n t a t i o n  is  t he  m e a n s  by w h i c h  you can  e v a l u a t e  the  m o n k e y  up in  the  a i r .  

Now le t  m e  t ake  a s i m p l e  c a s e .  Why did we not  know tha t  t h e r e  w e r e  

f o r c e s  in n a t u r e  m i l l i o n s  of  t i m e s  g r e a t e r  than  any  tha t  m a n  had  e v e r  had 

a v a i l a b l e  un t i l  the  a t o m i c  age  ? Such an  obv ious  t h i n g - - m i l l i o n s  of  t i m e s  
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g r e a t e r .  Th i s  is  a r e v o l u t i o n ,  not  an  evo lu t ion ,  in  s c i e n c e .  As you know, 

one pound of u r a n i u m ,  in  ou r  i m p e r f e c t  t e c h n o l o g y  today,  w i l l  g e n e r a t e  

t h r e e  m i l l i o n  t i m e s  the  e l e c t r i c i t y  tha t  one pound of c o a l  w i l l  g e n e r a t e .  

Th i s  is  not  an  evo lu t ion ,  g e n t l e m e n .  Th i s  is  a r e v o l u t i o n .  Why did 

we not  d i s c o v e r  th i s  b e f o r e  ? A v e r y  s i m p l e  r e a s o n :  E - M C  2, w h i c h  is  

to  s ay  tha t  t he  e n e r g y  e q u i v a l e n t  of any m a s s ,  M, is  tha t  of i t s  m a s s ,  

m u l t i p l i e d  by the  s q u a r e  of the  v e l o c i t y  of Light, w h i c h  you a l l  know is  

186, 000 m i l e s  p e r  s e c o n d .  You m u s t  t u r n  tha t  in to  f e e t  f o r  foot  ~ ~  

T h e s e  f i g u r e s  b e c o m e  v e r y  d i f f i cu l t  to hand le ,  t h e y  a r e  so  l a r g e .  

But,  why did we m i s s  i t ?  I ' l l  g ive  you an  e x a m p l e .  I m a g i n e  on th i s  

s t a g e  a 5 - t o n  i r o n  b a l l - - q u i t e  a l a r g e  p i e c e  of m a c h i n e r y .  I m a g i n e  u n d e r  

i t  a b u r n i n g  f i r e - - t h a t ' s  e n e r g y .  The  f i r e  is  go ing  to h e a t  t he  b a i l  f r o m  

the  t e m p e r a t u r e  of t h i s  r o o m  to tha t  of j u s t  b e f o r e  it  m e l t s ,  w h i c h  is  in  

the  o r d e r  of 2200 d e g r e e s  F a h r e n h e i t .  So l e t ' s  s ay  tha t  is  is  g o i n g  to  

b o o s t  it 2100 d e g r e e s  F a h r e n h e i t - - q u i t e  a b o o s t .  

Now, how m u c h  w e i g h t  has  the  ba l l  a d d e d  by ge t t i ng  tha t  hot  ? 

If E=MC 2 m e a n s  any th ing ,  t he  b a l l  wi th  a l l  t ha t  e n e r g y  in it  is h e a v i e r .  

Well ,  the  b a l l  w e i g h s  f ive  t o n s .  F i v e  tons  is  10, 000 pounds .  T h e r e  a r e  

500 g r a m s ,  rough ly ,  to a pound.  So t h a t ' s  5 m i l l i o n  g r a m s .  T h e r e ' s  

The  5-¢on b a i l  a t h o u s a n d  m i l l i g r a m s  to  a g r a m ,  so  t h a t ' s  5 b i l l i on .  

w i l l  w e i g h  r o u g h l y  20 m i U i g r a m s  m o r e .  

How do you f ind the  s c a l e  tha t  w i l l  m e a s u r e  20 p a r t s  in 5 b i l l i o n  ? 

You s e e ,  g e n t l e m e n ,  it i s n ' t  o b v i o u s .  S c i e n c e  could  not  have  p r o g r e s s e d  
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u n t i l  i t  c o u l d  m e a s u r e  t h i n g s  a s  p r e c i s e  a s  t h a t .  

T h i s  is  wha t  the  s o c i a l  s c i e n t i s t s  l a c k .  T h e y  h a v e  no s u c h  a c c u r a t e  

m e a s u r i n g  d e v i c e s ,  and t h e y  a r e ,  s t r i c t l y  s p e a k i n g ,  not  s c i e n t i s t s .  

T h e y  u s e  s c i e n t i f i c  d i s c i p l i n e s  on u n s c i e n t i f i c  m a t e r i a l ,  w h i c h  m a k e s  

y o u r  w o r k  m u c h  m o r e  d i f f i c u l t .  And you  s h o u l d  s u s p e c t  a l l  of y o u r  own 

p a p e r s  w h e n  you  d r a w  t h e m  up f o r  t h i s  C o l l e g e  and  f o r  y o u r  g r a d u a t i o n  

p r e s e n t a t i o n s .  You m u s t  s u s p e c t  m i n e ,  

I hope ,  v e r y  s h o r t l y .  

I d e f i n e  s c i e n c e ,  t hen ,  

and f o r c e s .  

s a t i s f a c t i o n .  

w h i c h  I a m  g o i n g  to  s h o w  you,  

as  the  e x t e n s i o n  of k n o w l e d g e  of m a t e r i a l s  

But  you  s e e  s c i e n c e  is  s t e r i l e .  It is  s o l e l y  an  i n t e l l e c t u a l  

T h e n ,  how d o e s  i t  ge t  in to  the  s t r e a m  of u s e f u l  t h i n g s  f o r  

m a n ?  By the  e n g i n e e r .  T h a t ' s  h i s  job .  Now you  w i l l  i m m e d i a t e l y  s e e  

why he  is  not  a s c i e n t i s t ,  n o r  i s  a s c i e n t i s t  a n  e n g i n e e r .  T h i s  is  a c o n -  

f u s i o n  tha t  I a m  s o r r y  to s a y  e x i s t s  in  m a n y  m i n d s .  

The  e n g i n e e r ' s  s o l e  job is  to  t ake  n e w  b o d i e s  of s c i e n c e  and  f a s h i o n  

t h e m  in to  t he  u s e f u l  p u r p o s e s  of m a n .  The  m i n u t e  he d o e s  he  is  in  the  

f i e ld  of s o c i a l  s c i e n c e .  You c a n  p i ty  h i m ,  too .  

L e t ' s  t a k e  b u i l d i n g  a b r i d g e .  A town s i t s  o v e r  h e r e  and  a t own  o v e r  

h e r e  and a r i v e r  h e r e .  The  e n g i n e e r  is  c a l l e d  upon  to  bu i ld  a b r i d g e .  

Wel l ,  he f i r s t  s e l e c t s  h i s  m a t e r i a l s  f r o m  f a i r l y  s c i e n t i f i c  m e a s u r e s .  

Th i s~one  m i g h t  say, is a l m o s t  a s c i e n t i f i c  d e c i s i o n .  H a v i n g  s e l e c t e d  

the  m a t e r i a l s ,  he  t h e n  c o m p u t e s  a d e s i g n .  The  d e s i g n  is  f a s h i o n e d  on 

the  e l a s t i c  p r o p e r t i e s  of m a t e r i a l s  and the  m a t h e m a t i c s  of e l a s t i c i t y - -  
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c r e a k  s t r e s s~  t h e r m a l  shock,  and fa t igue .  However ,  because  of 

the u n c e r t a i n t i e s  in  any complex  of th i s  type,  t h e r e  c r e e p s  in a f a c t o r  

of sa fe ty ,  ca l l ed  by e n g i n e e r s  in t h e i r  own p r o f e s s i o n  the f a c t o r  of 

i g n o r a n c e .  The f ac to r  of i g n o r a n c e  is  p r e s e n t  in m o s t  a l l  s t r u c t u r e s .  

It s i m p l y  c o v e r s  up the th ings  tha t  the  e n g i n e e r  c an ' t  m e a s u r e  and 

d o e s n ' t  know. 

But th i s  is  not h is  u n c e r t a i n t y .  No, no. Now, how wide s h a l l  the  

b r idge  be~ and what load s h a l l  it be des igned  f o r - - b e c a u s e  i t  is  going to 

be paid fo r  in a bond i s s u e  which  has  to be r e t i r e d  ove r  50 y e a r s  ? Th is  

is  a n o t h e r  way of s a y i n g  the  b r i dge  m u s t  be use fu l  fo r  50 y e a r s  in o r d e r  

to r e t i r e  the bond i s sue ,  or  the m o n e y  wi l l  not be loaned.  

Now the e n g i n e e r  m u s t  t ake  out h is  c r y s t a l  bal l ,  po l i sh  it wi th  h is  

be s t  rouge ,  look into i ts  depths ,  and dec ide  who is  going to c r o s s  th i s  

b r i dge  50 y e a r s  f rom now, how m a n y  of them,  and in what kind of veh i -  

c les ,  with what  s o r t  of ax le  loads ,  at  what  s p e e d s .  Speed a f f ec t s  des ign;  

ax le  load a f fec t s  d e s i g n .  To ta l  weight  a f fec t s  de s ign .  

So now the e n g i n e e r  is  a s o c i a l  s c i e n t i s t .  And God p i ty  him,  because ,  

ff he can pay  off the bond i n t e r e s t  and the a m o r t i z a t i o n  of the  bonds,  he 

has  a c c o m p l i s h e d ,  in  t h e s e  days ,  a m o d e r n  m i r a c l e .  Now, th i s  s e p -  

a r a t e s  him f rom the s c i e n t i s t .  The s c i e n t i s t  is  not g e a r e d  to th i s ,  because 

the dec i s i on  of tha t  e n g i n e e r  i s  s e m i - i n t u i t i v e .  

Gent lemen ,  when you dea l  wi th  e n g i n e e r s ,  r e m e m b e r ,  now, jus t  as  

you r  d e c i s i o n s  on the ba t t l e  f ie ld  a r e  not done with b lack  boxes  and s l i de  
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rules and are intuitive, and come out of the whole wealth of your exper- 

ience as military commanders with all the knowledge of your art, all 

feeding into the greatest and most wonderful black box in the world-- 

and I hope it's your head--so it is with engineers. Out of that comes 

decisions. So the engineer must apply intuition. And no scientist worthy 

of his salt dares to apply intuition to his problems except in an imagina- 

tive sense. 

I again refer you to the Scientific American and the paper by the 

three Russians to see one of the most elegant experiments, I think, of 

all time, applying more imagination than you will find in one scientist 

out of millions. It's a lesson as to the capability of your adversaries. 

Now we have a definition for the technologist and for the scientist. 

Do not ever confuse these, gentlemen. 

How do these things progress ? They progress by research and 

development. Research is brand new. It was started in the United 

States in a practical sense in the year 1900. That's why I call it brand 

new,  b e c a u s e  I ' m  tha t  old.  The  f i r s t  l a b o r a t o r y  was  tha t  of  the  G e n e r a l  

E l e c t r i c  C o m p a n y ,  wi th  s e v e n  s c i e n t i s t s .  We did not  u n d e r s t a n d  r e s e a r c h .  

We u n d e r s t o o d  i nven t i on ,  b e c a u s e  we a r e  an i n v e n t i v e  Nat ion .  T h o m a s  

E d i s o n ,  the  g r e a t  s y m b o l  to  the  who le  w o r l d ,  is  the  i n v e n t o r .  But t h i s  

is  the  w o r t h  of a m a n ,  by p e r s i s t e n c e  and i m a g i n a t i o n  and c u t t i n g  and 

t r y i n g .  He t r i e d ,  it i s  s a id  in h i s  m e m o i r s ,  o v e r  900 d i f f e r e n t  m a t e r i a l s  

b e f o r e  he f i na l l y  hi t  one  tha t  would  be  a f i l a m e n t  in  a c a r b o n  l a m p .  And 
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i t  had to  be  d i s c o v e r e d  b e f o r e  he could  m a k e  am i n c a n d e s c e n t  l a m p .  

Tha t  was  d i s c o v e r y ,  g e n t l e m e n .  D i s c o v e r y  is  not  r e s e a r c h w  a l t h o u g h  

r e s e a r c h  can  d i s c o v e r .  

R e s e a r c h  is  t he  c a r e f u l ,  c o n c e n t r a t e d  a t t a c k  of a g roup  of c o r r e l a t e d  

d i s c i p l i n e s  on a c o m m o n  p r o b l e m ,  o r g a n i z e d  and, I hope ,  s u p p o r t e d  c o n -  

s i s t e n t l y .  One of t he  e r r o r s  tha t  t he  m i l i t a r y  e s t a b l i s h m e n t  has  c o n -  

s i s t e n t l y  m a d e  is  t r e a t i n g  r e s e a r c h  t e a m s  l i ke  p r o c u r e m e n t  t e a m s  

wh ich  you can  t u r n  on  and off wi th  b u d g e t s .  You c a n ' t .  If a n y t h i n g  

has  d a m a g e d  ou r  m i l i t a r y  p r o j e c t s  m o r e  t h a n  a n y t h i n g  e l s e  I w i l l  l ay  

as  No. 1 the  i n a b i l i t y  to  s u p p o r t  c o n s i s t e n t l y  o r  to c r e a t e  in the  s c i e n -  

t i s t s '  m i n d s  tha t  you w i l l  s u p p o r t  c o n s i s t e n t l y  a c h a l l e n g i n g  e f fo r t .  

R e m e m b e r ,  w h e n  the  s c i e n t i s t  l e a v e s  s u c h  a p r o j e c t  he  t a k e s  h i s  b l a c k  

box wi th  h im and the  n e w  b l a c k  box  tha t  c o m e s  in  has  a d i f f e r e n t  p e r s o n -  

a l i t y  and a p p r o a c h ,  and the  los t  m o t i o n  is  t e r r i f i c ,  as  w e l l  as  the  a d d e d  

cos t .  

So r e s e a r c h  and d e v e l o p m e n t ,  then ,  is  t he  too l  of s c i e n c e  and  of 

t e c h n o l o g y .  Now, d e v e l o p m e n t  i s  the  s e c t i o n  tha t  c o n c e r n s  t e c h n o l o g y .  

H e r e  a g a i n  t h e r e  is  a g r e a t  m i s u n d e r s t a n d i n g .  I f ounded  the  p r o j e c t  

fo r  p r o p e l l i n g  a i r c r a f t  w i th  a t o m i c  e n e r g y ,  and I l i ved  t h r o u g h  f ive  

y e a r s  of i t .  In a f ew m o m e n t s  I can  s h o w  you m y  s c a r s .  G e n t l e m e n ,  

tha t  was  one  of the  m o s t  m i s u n d e r s t o o d ,  m i s h a n d l e d  p r o g r a m s  in  the  

who le  m i l i t a r y  e s t a b l i s h m e n t ,  as  f a r  a s  I know, in the  h i s t o r y  of the  

c o u n t r y .  T h a t ' s  t a k i n g  in  a lo t  of t e r r i t o r y .  I u s e  as  m y  a u t h o r i t y  f o r  
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t ha t  s t a t e m e n t  the  f i r s t  p u b l i s h e d  r e c o r d  by the  Jo in t  C o m m i t t e e  of 

A t o m i c  E n e r g y ,  w h i c h  t h e y  f i n a l l y  m a d e  pub l ic  a f t e r  c l a s s i f i e d  e x e c u -  

t ive  h e a r i n g s  fo r  y e a r s  and y e a r s  and  y e a r s .  It is  a p e r f e c t  e x a m p l e  

of how not  to  d e v e l o p  s o m e t h i n g .  

The  e l e m e n t s  of tha t  s t u d y  would  be  w o r t h  a w h o l e  p r o j e c t  in a 

c o l l e g e  s u c h  a s  t h i s .  Why have  we no n u c l e a r  p r o p u l s i o n  fo r  a i r p l a n e s  ? 

W e ' v e  got o t h e r  t h i n g s  t ha t  a r e  j u s t  as  d i f f i cu l t .  You a r e  go ing  to  have ,  

now. I m a g i n e  m y  s u r p r i s e  w h e n  a d o c u m e n t  i s s u e d  f r o m  the  D e f e n s e  

E s t a b l i s h m e n t ,  s i g n e d  by  two d i s t i n g u i s h e d  m i l i t a r y  m e n ,  bo th  of whom 

had o p p o s e d  tha t  p r o j e c t  t h r o u g h  a l l  i ts  e a r l y  h i s t o r y ,  who w e r e  t h e n  

s a y i n g  why we had to  have  it.  Th i s  is  v e r y  i n t e r e s t i n g .  

So I w i l l  t e l l  you  aga in :  T h i s  q u e s t i o n  of r e s e a r c h  and d e v e l o p m e n t  

is  not  a l w a y s  as  s i m p l e  as  it s e e m s  to you g e n t l e m e n  who a r e  in  p r o -  

c u r e m  en t  o r  w i l l  be  in p r o c u r e m e n t  o r  w i l l  be  in  c h a r g e  of p r o c u r e m e n t .  

L e t  m e  s a y  tha t  d e v e l o p m e n t  is  not  r e s e a r c h .  The  e n g i n e e r  l e a r n s  on ly  

by  do ing .  Much  of the  a r g u m e n t  on the  A N P  P r o g r a m  has  e v o l v e d  a r o u n d  

the  q u e s t i o n  of w h e t h e r  you shou ld  wai t  un t i l  you have  a good, s e r v i c e a b l e  

d e s i g n  tha t  can  go in to  a c o m b a t  m i s s i o n  on a s u p e r s o n i c  l e v e l - -  j u s t  

t h i n k  of i t - - a s  y o u r  f i r s t  p r o b l e m .  T h i s  i s  l ike  a s k i n g  a ch i l d  to r u n  

b e f o r e  it e v e r  l e a r n s  to  c r a w l .  

B e c a u s e  tha t  was  not  a r e a d i l y  a t t a i n a b l e  o b j e c t i v e ,  the  p r o j e c t  

w e n t  a l o n g  u s i n g  m o n e y ,  u s i n g  m o n e y ,  and t i m e  and t i m e .  Th i s  is  an  

e x a m p l e  of the  d i f f e r e n c e  b e t w e e n  u n d e r s t a n d i n g  d e v e l o p m e n t  and  u n d e r s t a n d i n g  
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s c i e n c e .  The  s c i e n c e  has  b e e n  m o v i n g  a h e a d .  In 1947 one of the  m o s t  

d i s t i n g u i s h e d  s c i e n t i s t s  in  the  wor ld ,  h e r e  in  t he  Uni ted  S t a t e s ,  w r o t e  a 

d o c u m e n t  on f e a s i b i l i t y  fo r  tha t  p r o j e c t ,  and we h a v e n ' t  got  i t  ye t .  He 

s a i d  in e f f e c t  a v e r y  i n t e r e s t i n g  t h i n g  as  a g r e a t  s c i e n t i s t :  " S c i e n t i f i c a l l y  

t h i s  p r o j e c t  is  f e a s i b l e .  I c anno t  s p e a k  f o r  e n g i n e e r i n g .  It is  not  m y  

f i e ld .  " And of c o u r s e  the  p r o j e c t  was  an  e n g i n e e r i n g  one of r e d u c i n g  

the  s c i e n c e  to  an  a r t i c l e  u s e f u l  f o r  m a n - - i n  t h i s  c a s e  you, t he  m i l i t a r y  

e s t a b l i s h m e n t .  

So I now have  d e f i n e d  a booby  t r a p  fo r  you.  

e n c e  b e t w e e n  d e v e l o p m e n t  and r e s e a r c h .  Now, 

to t e l l  you  of t he  f a c t o r  of  s u r p r i s e  in w a r f a r e .  

L o o k  out f o r  t he  d i f f e r -  

g e n t l e m e n ,  I d o n ' t  h a v e  

Al l  of y o u r  m i l i t a r y  

i n d o c t r i n a t i o n  has  e m p h a s i z e d  tha t  the  n a t i o n  wi th  the  e l e m e n t  of s u r p r i s e  

has  a t e r r i f i c  a d v a n t a g e .  But  you d o n ' t  h a v e  tha t .  

On the  o t h e r  hand,  t h e r e  is  no d e m o c r a t i c  p r i n c i p l e  o r  a t t i t u d e  of 

m o r a l s  o r  o t h e r w i s e  tha t  p r e v e n t s  you f r o m  s u r p r i s i n g  the  e n e m y  s c i e n -  

t i f i c a l l y .  L e t  m e  poin t  out  to you tha t  it was  the  e l e m e n t  of s u r p r i s e  tha t  

won the  b a t t l e  of B r i t a i n  o v e r  the  G e r m a n  Luf twaf fe .  They  did not  have  a 

s i n g l e  a i r p l a n e  in the  G e r m a n  Luf twaf fe  tha t  had p r o p e r  d e f e n s i v e  a r m a m e n t ,  

and the  B r i t i s h  had  i n v e n t e d  the  B o a t m a n - P a u l  r e v o l v i n g  gun t u r r e t  w h i c h  

le t  t h e m  ge t  a l o n g s i d e  and  shoo t  t h e m  down l ike  b i r d s .  To do so  t h e y  

had the  r a d a r  w h i c h  the  G e r m a n s  had not  a n t i c i p a t e d ,  w h i c h  a l l o w e d  t h e m  

to  be  at  the  r i g h t  p l a c e  at  the  r i g h t  t i m e .  Al l  you  want  a s  a m i l i t a r y  m a n  

is  to be  a t  the  r i g h t  p l a c e  a t  t he  r i g h t  t i m e .  R e m e m b e r  G e n e r a l  F o r r e s t ' s  
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f a m o u s  s t a t e m e n t :  "Be  t h e r e  f u s t e s t  w i th  the  m o s t e s t .  " If you  c a n  be  

t h e r e  and i f  y o u ' v e  got the  m o s t e s t ,  m e a n i n g  the  b e s t  w e a p o n  s y s t e m ,  

y o u ' v e  got i t  m a d e .  

T h i s  i s  t he  e l e m e n t  of t e c h n o l o g i c a l  s u r p r i s e .  I don ' t  have  to  i l l u s -  

t r a t e  t h a t .  But  l e t  m e  s a y  t ha t  t h i s  is  the  b ig  a r e a  of c o n f l i c t  t o d a y  

b e t w e e n  you and y o u r  e n e m i e s .  T h e y  a r e  v e r y  a l e r t  to  t h i s .  So  you in  

t h i s  I n d u s t r i a l  Co l l ege ,  above  a l l  the  i n s t i t u t i o n s  in  o u r  whole  m i l i t a r y  

e s t a b l i s h m e n t ,  have  a n  o p p o r t u n i t y  to  s t u d y  the  e l e m e n t  of t e c h n o l o g i c a l  

s u r p r i s  e.  

You m u s t  have  t e c h n i c a l  i n t e l l i g e n c e  to  do t h i s .  H e r e  a g a i n ,  we 

w e r e  v e r y  weak .  I s e r v e d  on the  f i r s t  H o o v e r  C o m m i s s i o n .  We took  

e n d l e s s  t e s t i m o n y  and i t  c a m e  up o v e r  and  o v e r  a g a i n  t ha t  the  CIA and  

the  i n t e l l i g e n c e  s e c t i o n s  of ou r  A r m y ,  Navy,  and A i r  F o r c e  w e r e  h i g h l y  

d e f i c i e n t  in  t e c h n i c a l  i n t e l l i g e n c e  and m e d i c a l  i n t e l l i g e n c e ,  two a r e a s  

t ha t  a r e  a b s o l u t e l y  n e c e s s a r y  fo r  s u r v i v a l .  

Now, I am not  up to  da te  w i th  t h e s e  g r e a t  a g e n c i e s  t o d a y  and I c a n n o t  

s a y  w h e t h e r  you h a v e  c a u g h t  up, but  I c a n  s a y  t ha t  if  you  h a v e n ' t  c a u g h t  up 

you  a r e  v u l n e r a b l e .  

My t h i r d  ~ in  t h i s  a r e a  i s  the  e d u c a t i o n  of m i l i t a r y  o f f i c e r s .  

F o r t u n a t e l y  f o r  me ,  I 'm  g e t t i n g  e d u c a t e d  in s e r v i n g  a s  the  C h a i r m a n  of 

the  Navy  B o a r d ,  w h i c h  i s  c o n s i d e r i n g  the  e d u c a t i o n a l  r e q u i r e m e n t s  fo r  

o f f i c e r s  in  the  f u t u r e .  We have  o v e r h a u l e d  in  p o l i c y  the  a p p r o a c h  a t  

A n n a p o l i s ,  a t  the  P o s t g r a d u a t e  Schoo l  a t  M o n t e r e y ,  a t  the  N R O T C  P r o g r a m ,  
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and at  the  p o s t g r a d u a t e  c o u r s e s  in the  u n i v e r s i t i e s .  

s a n e  f e r m e n t  i s  w o r k i n g  in the  A i r  F o r c e  and  in t he  A r m y .  

j u s t  as  you r e p r e s e n t  a v e r y  s o p h i s t i c a t e d  l e v e l  of e d u c a t i o n ,  

I know tha t  the  

G e n t l e m e n ,  

and you 

a r e  g e t t i n g  m o r e  of i t  in  t h i s  Co l l ege ,  wh ich  y o u r  c o l l e a g u e s  did not  

h a v e  e v e n  10 y e a r s  ago,  i t  is  v i t a l  tha t  o f f i c e r s  who c o m e  10 y e a r s  a f t e r  

you have  an e d u c a t i o n  tha t  you n e v e r  had .  It m u s t  t a k e  in to  a c c o u n t  

s c i e n c e  and t e c h n o l o g y  and s o m e  of t h e s e  s w e e p i n g  a r e a s  w h i c h  I h a v e  

on ly  i n t r o d u c e d  h e r e .  

Now fo r  m y  l a s t  c o n s i d e r a t i o n  in t h i s  s u m m i n g - u p .  You w i l l  at  s o m e  

t i m e  in  y o u r  c a r e e r  p r o b a b l y  be  f a c e d - - m a n y  of you  w i l l - - w i t h  the  d e c i s -  

ion  of w h e r e  y o u r  m o n e y  g o e s - - h a r d w a r e  o r  r e s e a r c h  and d e v e l o p m e n t .  

Y o u ' v e  s e e n  t h i s  e p i t o m i z e d  by  the  B-70 .  I cou ld  n a m e  any n u m b e r  of 

o t h e r  i s s u e s ,  but  tha t  has  b e e n  s o  w e l l  p u b l i c i z e d  in  the  p r e s s .  You a r e  

go ing  to  h a v e  t o  d e c i d e  a t  s o m e  poin t  on w h i c h  of t h e s e  two  you want .  

Y e a r s  ago  in the  t h i r t i e s  I l e c t u r e d  a t  the  A i r  U n i v e r s i t y .  G e n e r a l  

O r v i l l e  A n d e r s o n  was  t h e n  the  C o m m a n d a n t ,  and  he  was  the  f a m o u s  

e x p o n e n t  of p i c k l e - b a r r e l  b o m b i n g .  In o t h e r  w o r d s ,  you cou ld  go up 

wi th  the  m o d e r n  b o m b  s i g h t  and put a b o m b  r i g h t  i n s i d e  of  a p i c k l e  

b a r r e l  f r o m  m a x i m u m  l e v e l s .  Th i s  was  h i s  t h e s i s  and  he  was  c h a r m e d  

wi th  the  c o n c e p t .  The  r e s u l t  was  tha t  he  was  o r i e n t i n g  h i s  e n t i r e  c o l l e g e  

t o w a r d  the  fac t  tha t  in  the  p r e - W o r l d - W a r - H  b u d g e t s  w i thou t  enough  

m o n e y  a l l  t he  m o n e y  s h o u l d  be  put  in to  b o m b e r s .  

I d i d n ' t  know th i s  w h e n  I was  i n v i t e d  to  l e c t u r e ,  a l t h o u g h  I am a f r i e n d  
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of O r v i l l e ' s ,  and  I got  up  and d e v o t e d  an  i m p a s s i o n e d  t w o - h o u r  l e c t u r e ,  

at  t h e i r  r e q u e s t ,  to the  i m p o r t a n c e  of r e s e a r c h  and d e v e l o p m e n t ~ o v ~ r  

h a r d w a r e .  At the  end,  O r v i l l e  A n d e r s o n ,  t he  p o l i s h e d  m i l i t a r y  l e a d e r  

tha t  he  was ,  got up on  the  s t age ,  l ooked  out o v e r  the  c l a s s ,  and in  a 

few w e l l  c h o s e n  w o r d s  sa id ,  "Wel l ,  C la s s ,  now w e ' l l  go b a c k  to  the  

b o m b i n g  p r o b l e m .  " I a m  an  a d m i r e r  of  O r v i l l e  A n d e r s o n  a n d  a lot  l i ke  

h im who b e l i e v e  wha t  t h e y  b e l i e v e  and f ight  fo r  i t .  He c e r t a i n l y  did,  

a l t h o u g h  a s  you know it c a u s e d  h im  a lo t  of he  a r t b u r n .  

A l l  r i g h t .  Now we a r e  go ing  to h a v e  s l i d e s .  

S l i d e  1. 

P l e a s e  look  at  t h i s .  Th i s  is  one of y o u r  b ig  p r o b l e m s .  The  b e s t  

i n f o r m a t i o n  I cou ld  get  g o e s  b a c k  to 1955, f o r  w h i c h  I apo log ize .  Not 

e v e n  th i s  C o l l e g e ,  wi th  a l l  i t s  ~ i b r a r y  r e s o u r c e s ,  cou ld  ge t  m e  a n y t h i n g  

m o r e  r e c e n t .  

P l e a s e  n o t i c e  the  USSR in d e g r e e s  a w a r d e d  in s c i e n c e  and e n g i n e e r i n g .  

I a m  go ing  to  u s e  on ly  b r o a d  f i g u r e s .  H e r e  you s e e  91, 000 fo r  R u s s i a .  

Uni ted  S t a t e s  53. And h e r e ' s  Uni ted  K i n g d o m ,  F r a n c e ,  G e r m a n y ,  and  

I ta ly .  G e n t l e m e n ,  n o t i c e  the  t o t a l  of t h e s e  a w a r d s .  The  Sov ie t s  have  

l e s s  t han  the  Uni t ed  S t a t e s .  H e r e  a r e  y o u r  a l l i e s .  

L o o k  at the  p e r c e n t a g e  in s c i e n c e  and e n g i n e e r i n g  d e g r e e s  in  the  Sov ie t .  

L o o k  at  i t  h e r e  in the  Uni ted  S t a t e s .  Do you want  to s e e  why t h e y  a r e  

o v e r t a k i n g  you ~in m a n y  s c i e n t i f i c  f i e l d s  ? H e r e  is  the  s c o r e  s h e e t  f o r  you.  
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Sl ide  2. 

I got t h i s  f r o m  a l o g i s t i c s  m e e t i n g  at the  Ohio U n i v e r s i t y ,  w h e r e  

a l l  of the  l e a d i n g  l o g i s t i c i a n s  of the  Uni ted  S t a t e s  a t t e n d e d  a t h r e e - d a y  

m e e t i n g .  T h e y  c a m e  up wi th  t h i s  a m a z i n g  c h a r t .  You wi l l  no te  tha t  the  

n u m b e r  of e n g i n e e r s  p e r  t h o u s a n d  p o p u l a t i o n  has  a f f e c t e d  the  l i v ing  

s t a n d a r d  fo r  t he  g r o s s  n a t i o n a l  p r o d u c t  p e r  un i t  popu la t i on .  Look  at 

tha t  c o r r e l a t i o n  and t e l l  m e  w h e t h e r  you t h ink  t h a t ' s  a s h e e r  a c c i d e n t .  

G e n t l e m e n ,  tha t  is  no a c c i d e n t .  It is  the  e n g i n e e r  who t a k e s  u s e f u l  

s c i e n c e  and f a s h i o n s  it fo r  the  u s e f u l  p u r p o s e s  of m a n ,  and t h i s  g i v e s  

you y o u r  s t r e n g t h  to  wage  a m i l i t a r y  c a m p a i g n  and s u p p o r t  y o u r  m i l i t a r y  

p o s t u r e .  If e v e r  t h e r e  was  an a m a z i n g  c o r r e l a t i o n  h e r e  it  i s .  

S l ide  3. 

H e r e  is  m y  nex t  exh ib i t .  B e i n g  an  e n g i n e e r ,  I have  t r o u b l e  wi th  

s o m e  of t h e s e  c o n f l i c t s  in  e c o n o m i c  t h e o r y - - a l l  t h e s e  t h i n g s  we did t h r o u g h  

the  long  p e r i o d  of ou r  p o l i t i c a l  h i s t o r y .  To m e ,  t h i n g s  a r e  c r e a t e d  by  

e i t h e r  p e o p l e  o r  p e o p l e  u s i n g  m a c h i n e r y ,  and m a c h i n e r y  u s e s  p o w e r .  

So, in an e f fo r t  to  get  to  the  r o o t  of t h ings  I am go ing  to e x a m i n e  the  

a m o u n t  of p o w e r  w h i c h  i s  r e a d i l y  a v a i l a b l e  in the  Uni ted  S t a t e s  f r o m  the  

e a r l i e s t  r e c o r d s ,  w h i c h  a r e  b a c k  h e r e  in 1 8 9 5 - - a c t u a l l y  1893. T h e n  

I am go ing  to  s e e  what  the  e c o n o m y ,  o r  t he  g r o s s  n a t i o n a l  p r o d u c t ,  o r  

the  s t a n d a r d  of l i v i n g - - f o r  th i s  i s  a l l  p e r  uni t  popu la t ion ,  to get  a w a y  

f r o m  p o p u l a t i o n  g r o w t h - - h a s  done  in t he  s a m e  5 0 - y e a r  p e r i o d .  

I s u b m i t  t h i s ,  g e n t l e m e n ,  as  m y  v e r s i o n  of e c o n o m i c s .  It s a y s  t h i s :  
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A n a t i o n ' s  p r o d u c t i o n  in s e r v i c e s ,  s u c h  as  t r a n s p o r t a t i o n  and  the  l lke ,  

and goods  i s  a p r o d u c t  of f o r c e  and m a n u f a c t u r i n g  c a p a b i l i t y  on the  

t h e o r y ,  gu ided  by m e n ,  of c o u r s e .  So th i s  s a y s  to  you, "If you want  

to e x a m i n e  a n a t i o n ' s  c apab i l i t y ,  l ook  at  i t s  p o w e r  r e s o u r c e s .  " 

S l ide  4. 

Wel l ,  wha t  a r e  the  s o u r c e s  of  p o w e r ?  E n e r g i e s .  What  a r e  the  

n o r m a l  e n e r g i e s  t o d a y ?  We can  l e a v e  a t o m i c  e n e r g y  out.  H e r e  is  

the  p e r i o d  go ing  b a c k  b e f o r e  the  Civ i l  War ,  w h e n  you had w o o d - b u r n i n g  
and  

l o c o m o t i v e s , / w o o d ' b u r n i n g  s t e a m s h i p s  on the  Ohio R i v e r ,  a l l  m o v i n g  

m i l i t a r y  m a t e r i a l s  and what  not .  So wood,  you s e e ,  has  had s o m e  s i g -  

n i f i c a n c e .  H e r e  was  a n t h r a c i t e  coa l ,  and h e r e  you had b i t u m i n o u s  coa l .  

H e r e  was  w a t e r  p o w e r .  H e r e  was  wind.  We have  p l e n t y  of tha t  u n h a r -  

n e s s e d  n o w a d a y s .  H e r e  a r e  w o r k  a n i m a l s .  And of c o u r s e ,  at  t he  top, 

t h e r e  a r e  y o u r  f o r b e a r s .  T h e y  c a r r i e d  the  w a t e r  and p u s h e d  the  p low 

and to t ed  the  wood.  T h e y  r e a l l y  did s o m e t h i n g .  

Now you s e e  w h e r e  ou r  e m p h a s i s  is  t o d a y  in 1960. I was  once  a s k e d  

by a c l a s s  l ike  th i s :  What is  lef t  now f o r  peop l e  to do, in  the  p h y s i c a l  

s e n s e  of c o n t r i b u t i n g  t o w a r d  t h e i r  own s a t i s f a c t i o n  and c i v i l i z a t i o n ?  

F o r  a m o m e n t  I c o u l d n ' t  c o m e  up wi th  a n y t h i n g  b e t t e r  t h a n  m o t o r - d r i v e n  

z i p p e r s .  

H o w e v e r ,  t h i s  s h o w s  tha t  w o r k  a n i m a l s  a r e  f ad ing  f r o m  the  p i c t u r e .  

Wind p o w e r  is  gone.  SaiLing b o a t s  a r e  of no i m p o r t a n c e .  Wind m i l l s  

a r e  n o r m a l l y  of  no i m p o r t a n c e .  You s e e  tha t  w e a t h e r  p o w e r  s t a y s  in  about  
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the  s a m e  p o s i t i o n .  T h e s e  a r e  p e r c e n t a g e  c h a r t s .  

n a t u r a l  gas ,  p e t r o l e u m ,  and coa l  s h a r e  e q u a l l y - ~ t h i r d ,  

w i th  the  s o u r c e s  of e n e r g y  in  the  Uni ted  S t a t e s .  

So, when  you a s s e s s  the  p o w e r  of a n o t h e r  na t ion ,  

And, of course, 

third, and third-- 

p a r t i c u l a r l y  an  

e a r l y  i n d u s t r i a l i z e d  na t i on ,  look  at  the  e n e r g y  r e s o u r c e s  of t h a t  n a t i o n .  

S l i d e  5. 

I put  t h i s  in  b e c a u s e  i t  i s  shocking~ in a way .  T h i s  i s  a p i c t u r e  of 

a n  o i l  r e f i n e r y ,  and  t h e s e  a r e  the  f i r s t  d i s t i l l a t i o n s - - t h e  c r a c k i n g  of the  

p e t r o l e u m .  T h e s e  a r e  the  i n t e r m e d i a t e s ,  w h i c h  we wi l l  s k i p .  Now we 

c o m e  to wha t  you  do w i th  t h e m :  R e s i n s ,  a n t i f r e e z e  c o m p o u n d s ,  d a c r o n ,  

o r lon ,  dyne l ,  a c r i l o n ,  e t h y l  fue l  f l u ids ,  p o l y e t h y l e n e ,  d e t e r g e n t s ,  p a i n t s ,  

e x p l o s i v e s ,  s y n t h e t i c  r u b b e r s ,  ny lon ,  l a c q u e r s ,  f e r t i l i z e r s ,  e x p l o s i v e  

p a i n t s ,  i n s e c t i c i d e s ,  and s o  f o r t h .  

G e n t l e m e n ,  t h e r e  i s  a whole  bund le  of t h i n g s ,  and you  h a v e n ' t  got  

a c i v i l i z a t i o n  ff  you  h a v e  to  go  wi thou t  t h e m .  T h e y  c o m e  out  of the  

c h e m i s t r y  of o i l .  If  you go on b u r n i n g  o i l  to ge t  s o m e  e n e r g y  out  of 

it, and wind,  and o t h e r  s o u r c e s  of e n e r g y ,  you  a r e  go ing  to  f a c e  up to  a 

p r o b l e m  b e f o r e  too  long .  

S l ide  6. 

T h i s  i s  an  i l l u s t r a t i o n  of how the  e n g i n e e r  l e a r n s  b y  do ing .  T h i s  i s  

the  N a u t i l u s .  T h i s  i s  a new s l i d e  and  s o m e b o d y  h a s  s a b o t a g e d  i t .  I ' l l  

have  to  t a l k  to you  f r o m  the  f a c t s  and not  f r o m  the  s l i d e .  T h i s  p r o v e s  

t h i s  i s  not  an  e x a c t  s c i e n c e .  
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On the  f i r s t  v o y a g e  of the  Nau t i lus  s h e  w e n t  60, 340 m i l e s ,  ff I 

r e m e m b e r  c o r r e c t l y ,  on  h e r  f i r s t  a t o m i c  fue l  c h a r g e .  On h e r  s e c o n d  

c h a r g e  she  wen t  95, 000 m i l e s .  S o m e b o d y  has  a d d e d  t h o s e  t o g e t h e r ,  

wh ich  is  w h e r e  t h e y  pu l l ed  the  b o n e r .  The  po in t  I want  to  m a k e  to  you 

is  tha t  the  s e c o n d  d e s i g n  of f u e l  c h a r g e  fo r  t he  Nau t i lu s  had a 50 p e r c e n t  

g r e a t e r  c a p a b i l i t y - - a n d  a l l  of t h i s  in  a coup le  y e a r s  of  a t o m i c  k n o w l e d g e .  

Now, the  t h i r d  c h a r g e ,  w h i c h  has  j u s t  b e e n  l o a d e d  in the  Nau t i lu s  a s h o r t  

t i m e  ago,  R i c k o v e r  t e s t i f i e d  in  C o n g r e s s  h a s  b e e n  d e s i g n e d  to  go 135, 000 

miles. 

Gentlemen, the engineer learns by doing. This is the point I want to 

get out. This is what's wrong with the ANP Program. You will notice 
brief 

that in the~ime of the Nautilus the first fuel charge went 60, 000 miles, 

the second one 95, 000, and the third 135, 000. I don't know what the fourth 

will do. He testified that a submarine with this fuel capability can fight 

a five-year war without refueling. 

Slide 7. 

This is an example for you of how engineering progresses. This is 

the requirement calculated of expansion of our energy requirements in 

the United States. This is the sinew of the cold war with Russia. You 

wi l l  s e e ,  i f  you a r e  m a t h e m a t i c a l l y  i n c l i n e d ,  tha t  t h i s  w a v e r i n g  c u r v e  is  

an  ~e~l~nential one in w h i c h  the  v o l u m e  of p o w e r  doub l e s  e v e r y  10 y e a r s .  

G e n t l e m e n ,  t h e s e  r e c o r d s  go b a c k  to  1903, as  I to ld  you.  If t h i s  c u r v e  

is  c o r r e c t  and if  you go b a c k  to  1903- -you  s e e  t h i s  is  100 i n s t e a d  of z e r o ,  
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- 

b e c a u s e  z e r o  is  down  h e r e  ( i n d i c a t i n g ) - - w i t h  t h i s  c u r v e  a s  a n  e x p o n e n t i a l  

c u r v e ,  y o u  w i l l  f ind tha t  t he  p o w e r  t o d a y  has  to  be  two  to  t he  f i f th  p o w e r ,  

w h i c h  is  a n o t h e r  w a y  of  s a y i n g  32 t i m e s .  And s o  in tha t  b r i e f  p e r i o d  

y o u r  c o u n t r y ' s  p o w e r  c a p a b i l i t y  in e l e c t r i c a l  d i s t r i b u t i o n  is  32 t i m e s  

w h a t  it  w a s  50 y e a r s  ago .  

T h i s  is  the  p e r i o d  tha t  of c o u r s e  we  a r e  c o m p e t i n g  w i th  R u s s i a  on.  

S h e ' s  down  in th i s  a r e a  h e r e  ( i n d i c a t i n g ) .  B e c a u s e  of  the  c h a r a c t e r i s t i c s  

of the  R u s s i a n  e c o n o m y  s h e  c a n  a c t u a l l y  s p e e d  up t h i s  t h i n g  b e y o n d  the  

A m e r i c a n  s p e e d  i f  s h e  c h o o s e s ,  b e c a u s e  t h i s  is  a r e s p o n s e  to  the  a c t u a l  

n e e d  of  the  e c o n o m y ,  w h e r e a s  R u s s i a  c a n  do it by  f ia t .  

Slide 8. 

You w i l l  n o t i c e  tha t  t he  u t i l i t i e s  a r e  p u t t i n g  t h e i r  h a r d  m o n e y  on the  

l ine  and  i t  i s  g o i n g  to  doub le  in  the  nex t  I0  y e a r s .  Th i s  w a s  done  by 

W e s t i n g h o u s e - - i t ' s  p r o b a b l y  a l i t t l e  out  of da te ,  but  i t  s h o w s  t h e  po in t .  

The  f i g u r e s  on t h i s  s i d e  a r e  h e a t  u n i t s .  

T h e y  go a w a y  up in to  f a n t a s t i c  f i g u r e s .  

D o n ' t  a t t e m p t  to  d e f i n e  t h e m .  

T h e s e  a r e  l a r g e  h e a t  u n i t s .  Th i s  

i s  the  t o t a l  a m o u n t  of  o i l  c o n v e r t e d  to  h e a t .  T h i s  is  t he  t o t a l  a m o u n t  of 

c o a l  c o n v e r t e d  to h e a t  in  the  w o r l d .  And t h i s  i s  the  w a t e r  p o w e r .  The  

r e a s o n  t h i s  i s  l a r g e  is  b e c a u s e  i t  r a i n s  e v e r y  y e a r  and  you  n e v e r  u s e  i t  

up.  The  r e a s o n  t h e s e  t h i n g s  a r e  Limited  is  b e c a u s e  t h e y  w e r e  put  down  

300 m i l l i o n  y e a r s  a g o  and  we a r e  u s i n g  t h e m  up and  we a r e  j u s t  not  p u t t i n g  

down  a n y  m o r e  c o a l  and  o i l .  So t h e y ' r e  gone .  

So t h i s  l ooks  p r e t t y  i m p o r t a n t .  Now, ff you  add  a l l  t he  w a t e r  p o w e r  
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and a l l  t he  coa l  and a l l  the  oil ,  and you p lo t  i t  o v e r  on t h e s e  h e a t  un i t s ,  

w h i c h  a r e  s i m p l y  f a n t a s t i c - ~ t h e y  a r e  a m i l l i o n  t i m e s  a m i l l i o n  t i m e s  a 

m i l l i o n  B.  T.  U. ' s - - b e y o n d  any s~i~e~ r u l e ' s  c a p a c i t y - - a n d  i f  you  t a k e  

t h o s e  h e a t  un i t s ,  w h i c h  a r e  c a l c u l a t e d  to  r u n  ou r  c i v i l i z a t i o n  un t i l  the  

y e a r  2050, you n e e d  th i s  m a n y  ( i nd i ca t i ng ) .  The  t o t a l  c a l l e d  fo r  in  w a r  

t i m e  i s  t h i s  m u c h  ( i n d i c a t i n g ) .  Your  c i v i l i z a t i o n  i s  d o o m e d - - i f  i t  w e r e  

not f o r  a t o m i c  e n e r g y .  

Th i s  is  the  po in t  tha t  the  u n s c i e n t i f i c a l l y  e d u c a t e d  j o u r n a l i s t s  have  

n e v e r  p r o p e r l y  s e e n  in  p e r s p e c t i v e .  It d o e s n ' t  m a t t e r  w h e t h e r  t h e y  t h ink  

tha t  a t o m i c  p o w e r  is  a c o m p e t i t i v e  w o r d  f o r  I ~ e ~ e i s ,  c a r b o n  f u e l s ,  and 

f o s s i l  f ue l s  o r  not .  It i s  i m m a t e r i a l .  C i v i l i z a t i o n  goes  b a c k  to  b a r b a r i s m .  

Th i s  is  a s c i e n t i f i c  t e c h n o l o g i c a l  c h a l l e n g e  in  d e v e l o p m e n t .  

S l ide  9. 

H e r e  is  e l e c t r i c  p o w e r  p r o d u c t i o n  in W e s t e r n  E u r o p e  and  Canada ,  

and t o t a l  W e s t .  H e r e  i s  the  U . S . S . R .  and  h e r  s a t e l l i t e s  and C o m m u n i s t  

China .  Th i s  m e a n s  y o u ' v e  got one  t e r r i f i c  e d g e  o v e r  R u s s i a .  But  do 

r e m e m b e r  tha t  s h e  d e v o t e s  a l a r g e r  p a r t  of th i s  to w a r - m a k i n g  than  

we d e v o t e  of o u r s  to  w a r - m a k i n g .  So it  i s  not  qu i t e  tha t  s i m p l e .  L i k e  

a l l  s t a t i s t i c s ,  y o u ' v e  got to  look b e h i n d  i t .  

we s t i l l  have  a p r e p o n d e r a n c e  of capab i l i t y ,  

I t ' s  l a t e r  t h a n  we  th ink ,  but  

a s  m e a s u r e d  by one of t he  

g r e a t e s t  s i n g l e  i n d e c e s  tha t  you can  u s e  to  s u p p o r t  t he  k ind  of s t u d i e s  

you a r e  go ing  to  m a k e ,  which~/rr t u r n  emppor t  the  m i l i t a r y  e f fo r t ,  w h e t ~ r r  

the  p r o f e s s i o n a l  c o m b a t  p e o p l e  wi thou t  y o u r  e x p e r i e n c e  know it  o r  not .  
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Sl ide  10. 

Th i s  is  j u s t  put in  to  be s p e c t a c u l a r .  T h e r e  is  t he  Uni ted  S t a t e s  

p o r t i o n  of t he  w o r l d  p o p u l a t i o n  in  1960. T h i s  is  t he  a m o u n t  of p o w e r  

out of t he  t o t a l  p o w e r  tha t  w e ' v e  got in the  w o r l d .  So you  s e e  we s t i l l  

have  an  e n v i a b l e  pos i t i on ,  ff we d o n ' t  l o s e  i t .  

S l i d e  11. 

Th i s  I put  in  a g a i n  to  p r o v e  to  you g e n t l e m e n  the  t h e o r y  tha t  the  

e n g i n e e r  l e a r n s  by do ing .  D o n ' t  ge t  foo l ed .  T h o m a s  E d i s o n  in  1882 

bu i l t  t he  f i r s t  e l e c t r i c  s t e a m  s t a t i o n .  As n e a r  as we can  ge t  f r o m  the  

r e c o r d s  of tha t  p e r i o d  of C o n s o l i d a t e d  E d i s o n  of New York ,  he  u s e d  19 

pounds  of c o a l  to  ge t  one  un i t  of e l e c t r i c i t y .  By 1905, a s  you  wi l l  s e e  up 

in  h e r e ,  t h e y  u s e d  about  6. 

Now w a t c h  what  has  h a p p e n e d  t h r o u g h  the  y e a r s .  When  I g r a d u a t e d  

f r o m  c o l l e g e ,  wh ich  was  a long  w h i l e  ago,  t h i s  was  c o n s i d e r e d  f a n t a s t i c .  
Building 

I listened to some papers in the Joint Engineering Soclety/in New York 

with my mouth hanging down, about the terrific strides in fuel economy 

that were being made to get this 3-1/9 pounds for fuel oil. 

G e n t l e m e n ,  we a r e  down now to  2 / 3  of a pound,  in  a s t a t i o n  tha t  is 

b e i n g  bu i l t  out  in the  Ohio V a l l e y ,  w i th  5, 000 pounds  ~ e a ~ ' p r e s s u r e  and  

f a n t a s t i c  t e m p e r a t u r e s .  

Th i s  s h o w s  you the  e n g i n e e r  at  work ,  

has  to k e e p  going .  He d o e s n ' t  do l ike  the  s c i e n t i s t ,  s u d d e n l y  h a v e  a v a s t  

b r e a k - t h r o u g h ,  and w h a m m o ,  w e ' r e  off. Th i s  is  wha t  t he  m i l i t a r y  is  

3O 

and it  s h o w s  you how the  e n g i n e e r  



E n g l i s h  f r i e n d s  do not  u n d e r s t a n d  how the  A m e r i c a n  G o v e r n m e n t  w o r k s .  

N e i t h e r  do I, but  I have  o b s e r v e d  tha t  i t  w o r k s  v e r y  we l l ,  and  I c an  on ly  

c o n c l u d e  tha t  the  c o m m o n  s e n s e  of the  a v e r a g e  A m e r i c a n  v o t e r  is  s u p e r -  

i o r .  " 

I rest on that point. I am not a politician and I am not able to dis- 

cuss the theory of the socialistic approach or choice, which is the planned 

economy. I can assure you, lastly, that Russia is departing more and 

more from it, although there is still a very large element of i± in the 

Russian National Academy of Science, which is the biggest scientific 

body in the entire ~vorld and for whom incentives of tremendous scope 

are provided. So that even within their tightly packed bureaucratic 

mechanisn~ of the Academy of Science they superimpose incentives. 

CAPTAIN HYDE: M/'. Ward, we don't have time for any more 

questions but I am sure there are many more here. I thank you now 

for having given us a very fine speech, a wonderful question period, and 

an outstanding beginning for our academic year. Thank you very much. 

MR. WARD: Gentlemen, let me say before I leave this platform 

that I am very honored to have n~ade this first lecture. I wish that it 

were of a higher level than I can provide, because I think you deserve 

it. As for me, I am honored. 
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a l w a y s  l ook ing  for ,  l o o k i n g  fo r  an  e n g i n e e r i n g  s o l u t i o n  to a w e a p o n s  

p r o b l e m  tha t  j u s t  r e v o l u t i o n i z e s  the  who le  d a r n  th ing ,  and y o u ' v e  got 

a o n e - w e a p o n  w a r .  No. I t ' s  done  by e v o l u t i o n .  

S l ide  12. 

H e r e ' s  a n o t h e r  c u r v e  j u s t  l i ke  tha t  one.  The  fue l  c h a r g e s  of the  

Nau t i lus  c o n v i n c e  you tha t  it i s  done  by e v o l u t i o n .  

S l i de  13. 

Now, h e r e  is  s o m e t h i n g  tha t  is of g r e a t  i n t e r e s t  to e v e r y b o d y  in the  

p r o f e s s i o n .  H e r e  is A d m i r a l  R i c k o v e r ' s  s h i p b o a r d  s t a t i o n .  U n f o r t u n a t e l y ,  

the  A d m i r a l  m a k e s  the  m i s t a k e  tha t  I m a k e  and you m a k e ,  as  A m e r i c a n s .  

We a r e  s p e c i a l i s t s  in  s o m e  f i e l d s  and we s~l of a s u d d e n  th ink  we a r e  in  

e v e r y t h i n g .  So he c a m e  out wi th  the  s t a t e m e n t  tha t  t he  s h i p b o a r d  s t a t i o n  

p r o v e d  tha t  i t  was  s i l t y  to  t a lk  about  a t o m i c  e n e r g y  c o m p e t i n g  wi th  c o a l  

and oi l .  He w a s n ' t  s p e a k i n g  of t h i n g s  he k n e w  about .  He d i d n ' t  know,  o r  

if  he  did know he fo rgo t ,  o r  i f  he  d i d n ' t  f o r g e t  he  d i d n ' t  c h o o s e  to  s p e a k .  

W h a t e v e r  it w a s - - m y  f i r m  is  d e s i g n i n g  a s t a t i o n  w h i c h  in the  y e a r  1961 

wi l l  h a v e  a fue l  e c o n o m y  of 13. 4 - - r i g h t  p l u m b  in  the  m i d d l e  of the  s t udy  

m a d e  by two g e n t l e m e n ,  Dav i s  and  R o n a l d s  of t he  ABC, in an  e f fo r t  to  

qu ie t  t h i s  t u r m o i l  on w o r l d  a t o m i c  p o w e r  as  b e i n g  c o m p e t i t i v e .  

P l e a s e  n o t i c e  the  d r o p  f r o m  h e r e  to  t h e r e  ( i nd i ca t ing ) .  I could  p lo t  

a c u r v e  h e r e  of the  i m p r o v e m e n t  of e c o n o m i e s ,  b e c a u s e  the  v a c a n t  

s t a t i o n  in  Ch icago  is s u p p o s e d  to  have  an  e c o n o m y  h e r e ,  and t h e r e  a r e  

s t a t i o n s  now in the  un ion  w h i c h  wi l l  have  an  e c o n o m y  h e r e  ( i nd i ca t ing ) .  
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E i t h e r  R i c k o v e r  is  r i g h t  o r  the  r e s t  of t he  w o r l d  is  r i g h t .  The  po in t  

I am  m a k i n g  is  tha t  tha t  is  the  s a m e  c u r v e  you  saw.  I t ' s  the  s a m e  one,  

wi th  the  Nau t i l u s .  

Do not  d i s c o u n t  the  o r d e r l y  p r o c e s s  of  e n g i n e e r i n g  d e v e l o p m e n t .  

S l ide  14. 

Th i s  is  the  n u m b e r  of r e a c t o r s  p r o j e c t e d  in  the  w o r l d .  Look  at t h e m .  

P e o p l e  a r e n ' t  i n s a n e  a l l  o v e r  the  w o r l d .  T h e y  a r e  not  j u s t  t h r o w i n g  th i s  

m o n e y  away  fo r  fun.  I t ' s  h e r e  to  s tay ,  g e n t l e m e n .  I t ' s  h e r e  in  a b ig  

way.  Th i s  is  go ing  to  be  one  of y o u r  s t u d i e s  at  s o m e  poin t  in t h i s  C o l l e g e  

not  too  f a r  off. 

S l ide  15. 

Th i s  s h o w s  you the  g r o w t h  of t he  a i r c r a f t  i n d u s t r y .  The  r e a s o n  I 

am s h o w i n g  you t h e s e  t h i n g s  is  to  show you the  a t t r i b u t e s  of  s c i e n c e  and  

e n g i n e e r i n g  at w o r k  as  t h e y  a f f ec t  you.  H e r e  w e r e  the  s i n e w s  of ou r  f i r s t  

two w a r s .  The  W r i g h t  B r o t h e r s  f l ew  in 1903. It was  not  u n t i l  1914 tha t  

s o m e b o d y  c o n c e i v e d  the  i d e a  tha t  you could  d r o p  b r i c k s  f r o m  a i r p l a n e s  

and hi t  p e o p l e  on t h e i r  h e a d s ,  and so  f o r t h .  T h e y  w e r e  f i r i n g  p i s t o l s  at  

e a c h  o t h e r  in the  e a r l y  days  f r o m  one  a i r p l a n e ' s  o p e n  c o c k p i t  to  the  

o t h e r .  G e n e r a l  Mundy can  t e l l  you a lot  m o r e  about  t h e s e  t h ings  t han  

I can .  

So we  bu i l t  an awful  lo t  of p l a n e s  in  th i s  p e r i o d  h e r e ,  as  d id  ou r  

a l l i e s .  We wen t  b a c k  to  b a r n s t o r m i n g .  P e o p l e  wen t  a r o u n d  in j e n n i e s  

at coun ty  f a i r s ,  s t a n d i n g  on t h e i r  h e a d s  on wings ,  and th i s  k ind  of  b u s i n e s s .  
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T h e r e  was  no  b u s i n e s s .  

Yet  t h e r e  w e r e  a lo t  of us  in t h o s e  days  who a g r e e d  tha t  i t  was  h e r e  

to  s tay ,  j u s t  a s  we b e l i e v e  today  a t o m i c  p o w e r  i s  h e r e  to  s t ay .  S o  it  

was  a d e v e l o p m e n t  by e n g i n e e r s .  You c a n ' t  s e e  it  on th i s  c u r v e ,  b e c a u s e  

we a r e  down c l o s e  to z e r o ,  but  t h e r e  was  a s t e a d y  u p s u r g e  h e r e ,  p e r c e n t a g e -  

w i s e ,  of the  i n d u s t r y .  

T h i s  p e r i o d  is  t he  f a m o u s  p e r i o d  of t he  a i r m a i l .  The  S i g n a l  C o r p s  

k i l l e d  a lot  of v e r y  f i ne  o f f i c e r s  who w e r e  not  t r a i n e d  to  do what  by  f ia t  

the  G o v e r n m e n t  s a i d  t h e y  ought  to  do.  It was  a t r a g e d y ,  but  i t  d id  s e r v e .  

T h o s e  m e n  d id  not  d ie  in  va in ,  in  a n o t h e r  s e n s e .  It s e r v e d  to  h i g h l i g h t  

s o m e t h i n g .  

So a f t e r  the  c r a s h  in  the  s t o c k  m a r k e t s  of 1929 h e r e  is  w h e r e  the  

a i r m a i l  had gone .  The  New Y o r k  f i n a n c i a l  m a r k e t s  s a i d ,  "Oh, boy,  

l e t ' s  ge t  a bul l .  " T h i s  was  l i k e  the  u r a n i u m  e a r l y  days  and  the  f i n a n c i n g  

of e l e c t r o n i c s  in  the  e a r l y  days ,  and t he  f i r e  f a l l s ,  and  a l l  t h e s e  n e w  t h i n g s  

l ike  r o c k e t r y  and  what  not .  The  f i n a n c i a l  n ~ a r k e t s  put  t h i s  t h i n g  up and 

t h e n  w h e n  the  1929 c o l l a p s e  c a m e  and the  m o n e y  f a u c e t s  w e r e  t u r n e d  off 

the  who le  t h i n g  c o l l a p s e d ,  but  not  b a c k  to  z e r o .  Cal l  t h i s  a m e n t a l  

a b e r r a t i o n .  

By  1939, w h e n  we w e r e  s t i l l  t a l k i n g  abou t  p e a c e ,  I was  t h e n  r u n n i n g  

the  P r a t t  and  W h i t n e y  A i r c r a f t  C o m p a n y .  In t h i s  y e a r ,  1939, I was  to ld  

by  a p o l i t i c a l  f i g u r e  h i g h  up in  the  D e f e n s e  E s t a b l i s h m e n t  t ha t~s ince  a 

v e r y  d i s t i n g u i s h e d  g e n t l e m a n  had gone to  G e r m a n y  and had s e e n  Liquid- 

c o o l e d  e n g i n e s ~ t h e r e  would  be  on ly  l i q u i d - c o o l e d  e n g i n e s  in ou r  a i r c r a f t  
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f r o m  t h i s  day  on, and  he  gave  m e  s i x  m o n t h s  to t u r n  P r a t t  and W h i t n e y ' s  

y e a r s  of r e s e a r c h  and  d e v e l o p m e n t  on a i r - c o o l e d  e n g i n e s ,  the  b e s t  in 

the  w o r l d  a t  t ha t  t i m e  w i th  the  C u r t i s - W r i g h t  C o m p a n y ,  in to  l i q u i d - c o o l e d  

e n g i n e s  w h i c h  the  w a r  s h o w e d  w e r e  not  t he  b e s t  in the  w o r l d .  T h i s  w a s  

a p o l i t i c a l  d e c i s i o n  by  a m a n  who  did not  u n d e r s t a n d  e i t h e r  r e s e a r c h  o r  

d e v e l o p m e n t ,  o r  e v e n  the  t e c h n i q u e s  of  t he  a r t .  

A l l  I got out  of t ha t  i n t e r v i e w ,  w h i c h  w a s  t he  m o s t  u n p l e a s a n t  one  

I e v e r  had,  w a s  a c o r n c o b  p ipe ,  w h i c h  s o m e b o d y  had  g i v e n  h im a bowl  

of w h e n  he  w a s  on a p o l i t i c a l  j o u r n e y .  I s t i l l  h a v e  t ha t  p i p e .  

H e r e  is  a n o t h e r  l e s s o n  w h i c h  I a m  go ing  to s e t  down  on ly  b r i e f l y  to  

you .  T h i s  is  c i v i l  a v i a t i o n ,  a s  a p a r t  f r o m  m i l i t a r y .  T h e  r e a s o n  I d id  not  

put  a v i a t i o n  up to  da t e  on h e r e  w a s  b e c a u s e  i t  w o u l d  r e q u i r e  a h a l l  two  o r  

t h r e e  t i m e s  t he  c e i l i n g  h e i g h t  of t h i s  one .  

T h i s  is  one  of the  g r e a t  p r o b l e m s  of t h e s e  l o g o r y t h m i c  c u r v e s .  Th i s ,  

then ,  i s  the  b e g i n n i n g  of  c i v i l  a v i a t i o n  h e r e ,  in m o n t h s  and  y e a r s .  

D e m a n d s  r e s u l t e d  in r e c o g n i t i o n  tha t  a i r  t r a n s p o r t a t i o n  and  a i r  t r a n s f e r  

w e r e  s a l a b l e  and  c o m m i t t e d ,  and  th i s  i n d u s t r y  did not  go b a c k  down a f t e r  

the  1929 c r a s h  but  ket:~ r i g h t  on g o i n g  up and has  b e e n  go ing  e v e r  s i n c e .  

Now, I p lo t t ed  bn h e r e  s o m e t h i n g  f o r  y o u r  u s e .  Th i s  i s  a t o m i c  

p o w e r ,  and if  you  wiI [  t a k e  t h i s  and  p lo t  t h e  a t o m i c  g r o w t h  you  w i l l  f ind 

t ha t  i t  f o l l o w s  the  s~ rne  g e n e r a l  r u l e .  Th i s  i s  the  g r o w t h  of  a n e w  s c i e n c e ~  

by  e n g i n e e r i n g  and t e c h n o l o g y .  
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I am pu t t i ng  t o g e t h e r  a n o t h e r  c u r v e .  Th i s  i s  the  m i l i t a r y  u s e  of 

a t o m i c  e n e r g y ,  and now the  c i v i l  u se ,  b e g i n n i n g .  Th i s  c u r v e  is  bu i l t  

o r g a n i z a t i o n a l l y ,  l ike  you s e e  fo r  t he  c i v i l  a v i a t i o n .  

I want  to  e m p h a s i z e  an  ~mpor t an t  point .  I d o n ' t  t h ink  tha t  as  m i l i t a r y  

m e n  you a l l  a p p r e c i a t e  the  e n o r m o u s  e f f e c t  wha t  you  do has  on the  c i v i l  

e c o n o m y .  If t h e r e  w e r e  t i m e  I would  go in to  the  q u e s t i o n  of how our  

c i v i l  e c o n o m y  has  b e e n  r e s h a p e d  by  p u r e l y  m i l i t a r y  d e v e l o p m e n t .  

A f t e r  you ge t  t h r o u g h  wi th  it, the  c i v i l  e c o n o m y  s e e s  tha t  t h e r e  i s  s o m e -  

t h i n g  new and h a r n e s s e s  t h i s  th ing,  and p r e t t y  s o o n  t h e y ' v e  got what  the  

m i l i t a r y  h a s .  It has  o c c u r r e d  o v e r  and o v e r  aga in .  Y o u r  c o n t r i b u t i o n ,  

i n s t e a d  of b e i n g  a w a s t e ,  as  s a  m u c h  of the  o r a t o r y  in ou r  l e g i s l a t i v e  

c h a m b e r s  i s  pa in t ed  to  be,  ~- is  r e a l l y  the  s o u r c e  of  m u c h  r e s e a r c h  and 

d e v e l o p m e n t  and e n r i c h e s  y o u r  w h o l e  e c o n o m y .  

I d i v e r t e d  to  t e l l  you  th i s ,  b e c a u s e  I ~r~ a l s o  a m e m b e r  of the  N a t i o n a l  

P l a n n i n g  A s s o c i a t i o n ,  and t h e y  s u b m i t t e d  a p a p e r  to  m e  fo r  c r i t i q u e  the  

o t h e r  day  b e c a u s e  I h a v e  l e c t u r e d  b e f o r e  a u d i e n c e s  l ike  t h i s  in  the  m i l i t a r y  

c o l l e g e s ,  on the  i n ~ p o r t a n c e  of t he  r e s e a r c h  and d e v e l o p m e n t  fo r  m i l i t a r y  

p u r p o s e s  on the  c i v i l  e c o n o m y .  Al l  t h i s  p a p e r  is  i s  a t w o - y e a r  s tudy ,  

f i n a n c e d  by  a l e a d i n g  f o u n d a t i o n  and the  N a t i o n a l  P l a n n i n g  A s s o c i a t i o n ,  

to f ind out t he  m e c h a n i s m  by w h i c h  th i s  m i l i t a r y  k n o w l e d g e ,  s u c h  a s  is  
the  

h e r e ,  l e a k s  o v e r  and is  u s e d  b y ] c i v i l  e c o n o m y  h e r e .  T h e y  a r e  a l r e a d y  

c o n v i n c e d  of the  s t a t e m e n t  I have  ju s t  m a d e  tha t  t h i s  i s  one  of the  g r e a t  

e n r i c h m e n t  s t r e a m s  of ou r  c i v i l i z a t i o n .  But  t h e y  d o n ' t  u n d e r s t a n d  the  
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m e c h a n i s m  by w h i c h  it i s  done .  Who does  i t ?  How is  i t  d o n e ?  A r e  

the  c l a s s i f i e d  p a p e r s  f i n a l l y  d e c l a s s i f i e d  and do t h e y  ge t  r e a d  by g e n e r a l  

e n g i n e e r s ,  o r  do the  e n g i n e e r s  m i g r a t e  f r o m  c l a s s i f i e d  to u n c l a s s i f i e d  

z o n e s  ? What  i s  t he  m e t h o d  by w h i c h  th i s  i n f o r m a t i o n  g e n e r a t e s  t h e s e  

t h ings  in the  e c o n o m y ?  

S l ide  16. 

T h e r e  i s  y o u r  e l e c t r o n i c s .  I t ' s  t he  s a m e  d a r n  t h i n g  as  in  av i a t i on ,  

e x c e p t  t h i s  is  Wor ld  War  H. I d o n ' t  have  to  t e l l  you  wha t  t he  i n v e n t i o n  

of r a d a r  and a l l  t h e s e  o t h e r  t h i n g s  did  to  the  who le  e l e c t r o n i c s  i n d u s t r y .  

You s e e  the  th ing ,  " B r i n g  the  b o y s  b a c k  h o m e  by  C h r i s t m a s .  " T h e y  

c a m e  b a c k  to  a c o n t i n u a t i o n  o f  t he  g r o w t h .  It o c c u r r e d  e x a c t l y  as  I 

s h o w e d  you in  a p r i o r  s l i d e .  T h e r e  a r e  t he  s a m e  c h a r a c t e r i s t i c s .  

Aga in  m i l i t a r y  d e v e l o p m e n t s  l e a k e d  o v e r  to the  c i v i l  e c o n o m y  and e n r i c h e d  

the  c i v i l  s t r e a m .  H e r e  is  t he  t o t a l  of the  m i l i t a r y  e l e c t r o n i c s .  H e r e  is  

the  t o t a l  of e l e c t r o n i c s .  A l r e a d y  t h e y  have  b e a t  you  out .  

S l i d e  17. 

Th i s  is  a l i t t l e  h a r d  fo r  you, I am  a f r a i d .  G e n t l e m e n ,  th i s  is  a c u r v e  

w h i c h  in  i t s e l f  i s  ex t remel~y s i g n i f i c a n t .  It t ook  m e  s o m e  t i m e  a f t e r  I put 

i t  t o g e t h e r  to  u n d e r s t a n d  i t .  H e r e  i s  t he  s t r a i g h t  l ine  f r o m  an u n w a r r a n t e d  

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

a s h o t g u n  d i a g r a m .  In o t h e r  w o r d s ,  

T h i s  i s  wha t  in  e n g i n e e r i n g  is  c a l l e d  

h e r e  a r e  a l l  the  l i t t l e  s h o t s  s c a t t e r e d  

a r o u n d ,  and  the  l i ne  s e e m s  to  go t h r o u g h  the  f i e l d .  At the  top you  f ind ou r  

d e a r  Un i t ed  S t a t e s .  It s a y s  tha t  t he  g r o s s  n a t i o n a l  p r o d u c t  p e r  un i t  of 
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p o p u l a t i o n  is  t he  g r e a t e s t  in  t he  w o r l d .  We know tha t .  W e ' v e  got the  

h i g h e s t  l i v i n g  s t a n d a r d .  It d e p i c t s  i t  on  the  c h a r t .  It a l s o  s a y s  that ,  

s t r a n g e l y  enough~ we h a v e  done  i t  by  c o n s u m i n g  m o r e  e n e r g y  p e r  popu-  

l a t i on  t h a n  anybody  e l s e .  Al l  I am  d o i n g  is  p r o v i n g  a l l  o v e r  a g a i n  wha t  

I b e l i e v e  anyhow.  I am t r y i n g  to p r o v e  to you  that ,  i f  you want  to  i n v e s t i -  

ga te  y o u r  m i l i t a r y  p o s t u r e ,  f o r  H e a v e n ' s  s ake ,  look  at  t he  p o w e r  u t i l i z a -  

t ion .  A g a i n  you  s e e  we u s e  m o r e  p o w e r  p e r  uni t  of  p o p u l a t i o n  and  we 

c o m e  out wi th  the  g r e a t e s t  e c o n o m i c  s t r e n g t h .  

You s e e  the  c o u n t r i e s  a s s o c i a t e d  w i t h  us ,  on the  u p p e r  p a r t  of t he  

c u r v e .  T h e n  you  s e e  w h e r e  the  Sov ie t  Union  l i e s - - a v ~ a y  down h e r e .  

Y o u ' v e  s t i l l  got  t i m e ,  but  y o u ' v e  got  to  r e a l i z e  s o m e  of  t h e s e  s c i e n c e  

and  t e c h n o l o g i c a l  f a c t o r s .  T h e y  a r e  no t  po l i t i c a l ;  t h e y  a r e  not  p s y c h o l o g i c a l ;  

and t h e y  a r e  not  t oo  e a s i l y  u n d e r s t o o d .  

S l ide  18. 

H e r e ' s  a n o t h e r  one,  to  g ive  you a b l a s t ,  to s h o w  you why I d o n ' t  want  

you to f a l l  f o r  any  one  e x h i b i t .  Th i s  i s  t he  g r o w t h  of p o p u l a t i o n  in  t he  

Uni ted  S t a t e s .  At c o n s t a n t  d o l l a r s - - G o d  b l e s s  m e ,  I w i s h  I had  s o n ~ e - -  

t h i s  is  t he  g r o s s  n a t i o n a l  p r o d u c t .  You wi l l  s e e  t h e r e  i s  no c o n n e c t i o n .  

It i s n ' t  due to  the  f ac t  tha t  we a r e  g r o w i n g  a l a r g e  c o u n t r y  tha t  ou r  g r o s s  

n a t i o n a l  p r o d u c t  i s  g o i n g  up. It i s  on ly  a m i n o r  u n d e r l y i n g  i n f l u e n c e .  

S l i d e  19. 

T h e r e  it  i s  p e r  m a n  h o u r .  T h a t ' s  a n o t h e r  way  of l o o k i n g  at  i t .  

Aga in  you f ind  the  c h a r a c t e r i s t i c s  of the  e x p o n e n t i a l  c u r v e .  T h i s  is  a n o t h e r  
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way of translating the application of so-called automation--engineering 

tooling and techniques, mass production, and even the human resources, 

management, all combined to make a more virile economy. 

Slide 20. 

Now, gentlemen, there is the Soviet curve. This is the control system 

in the  l a r g e s t  a t o m  s m a s h e r  in  the  world~ at  a p l a c e  ca~ led D o m n y o ,  ou t -  

s i d e  of M o s c o w ,  tha t  s o m e  of  ou r  s c i e n t i s t s  have  b e e n  to .  It i s  a m o n u -  
r e p r e s e n t a t i v e s  of 

m e n t .  A l l  of  t h e / m i n o r  n a t i o n s  and  n e u t r a l i s t  n a t i o n s  a r e  c a r t e d  t h r o u g h  

h e r e  and a r e  s h o w n  the  s o p h i s t i c a t i o n  of R u s s i a n  s c i e n c e .  T h i s  is  a p u r e  

s c i e n t i f i c  i n s t r u m e n t .  It d o e s  n o t h i n g  fo r  the  m i l i t a r y  o r  t he  c i v i l  e c o n o m y  

as  such .  It d o e s  e x a c t l y  wha t  B r o o k h a v e n  t r i e s  to do in b u i l d i n g  i t s  new 

h i g h e r  er~ergy m a c h i n e .  Th i s  m a c h i n e  is  s i x  t k n e s  as  l a r g e  a s  ou r  l a r g e s t  

m a c h i n e .  

I w o u l d n ' t  f e e l  t oo  bad  about  tha t .  I t h i n k  I know the  R u s s i a n s '  p u r -  

p o s e s  in  t h e s e  m a t t e r s ,  and to  s e p a r a t e  p r o p a g a n d a  f r o m  a c c o m p l i s h m e n t  

i s  no t  e a s y .  But  the  po in t  is  tha t  the  s c i e n t i s t s  who h a v e  s e e n  it t e l l  m e  

tha t  t he  e n g i n e e r i n g  of the  v a c u u m  s y s t e m ,  the  h igh  v a c u u m  s y s t e m ,  t he  

e n g i n e e r i n g  of the  p r o t o n  gun s y s t e m ,  and the  e n g i n e e r i n g  of t he  e l e c t r o n i c  

i m p u l s e  s y s t e m  a r e  e n g i n e e r i n g ,  not  s c i e n c e .  T h e y  t e l l  m e  t h e s e  t h i n g s  

a r e  m o r e  f i n e l y  e n g i n e e r e d  t h a n  ou r  b e s t  i n s t r u m e n t s .  

Th i s  is  f o r  you to  th ink  abou t .  D o n ' t  u n d e r e s t i m a t e  c a p a b i l i t i e s  

e n g i n e e r i n g - w i s e  o r  any  o t h e r  w i s e  of y o u r  a d v e r s a r i e s .  

T h a t ' s  the  l a s t  c h a r t .  A d m i r a l  P a t r i c k  a s k e d  m e  a l s o  to c o m m e n t  
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b r i e f l y - - w h i c h  is  d i f f icu l t ,  a s  you s e e  I a m  not  b r i e f - - o n  the  e x c e l l e n c e  

of R u s s i a n  t e c h n i c a l  e d u c a t i o n  v e r s u s  o u r s .  H e r e  I a m  not  the  e x p e r t .  

I c i t e  s o m e  e x p e r t s .  A s tudy  w i l l  r e v e a l  to  you  t h e s e  c h a r a c t e r i s t i c s .  

1. The  R u s s i a n s  do no t  f o r c e  p e o p l e  to  be s c i e n t i s t s ;  t h e y  e n c o u r a g e  

t h e m ,  e n c o u r a g e  t h e m  in  the  b e s t  way tha t  is  k n o w n - - m o n e y .  If you a r e  

a R u s s i a n  f a t h e r  and  you h a v e  a son  in t he  s e c o n d a r y  s y s t e m  of e d u c a t i o n ,  

he  is  r a t e d  wi th  e v e r y  o t h e r  p e r s o n .  And r e m e m b e r  tha t  R u s s i a  has  

l e s s  i l l i t e r a c y  t h a n  we h a v e .  T h e r e  is  m o r e  n e a r l y  u n i v e r s a l  e d u c a t i o n  

in R u s s i a  t h a n  h e r e .  You d o n ' t  d a r e  be  a t r u a n t  in  R u s s i a .  You do h e r e .  

Go down a m o n g  the  M e x i c a n s  in  New M e x i c o  and s e e  how m a n y  of t h e m  

go to  s c h o o l .  In R u s s i a  you go to  s c h o o l .  F u r t h e r m o r e ,  w h e n  you go 

to  s c h o o l  you a r e  m e a s u r e d ,  and,  w h e n  i t  c o m e s  to  the  a t t e n t i o n  to  the  

S ta te  B u r e a u  of E d u c a t i o n  tha t  y o u r  m e a s u r e  is  h igh  in  m a t h e m a t i c s  and 

s c i e n c e  adap t ab i l i t y ,  a g e n t l e m a n  c a l l s  on you, and  s a y s ,  "Son,  " o r  

" D a u g h t e r ,  " as  the  c a s e  m a y  be,  "You a r e  q u a l i f i e d  fo r  a f r e e  e d u c a t i o n  

at  t he  e x p e n s e  of t he  s t a t e ,  p lus  a s a l a r y  o r  l i v ing  e x p e n s e s .  You m a y  

p i c k  the  u n i v e r s i t y  o r  c o l l e g e  o f  y o u r  cho ice ,  and  you m a y  a l s o  p i ck  the  

c o u r s e  of y o u r  c h o i c e ,  p r o v i d e d  it  i s  in  s c i e n c e  or  e n g i n e e r i n g .  You 

d o n ' t  have  to  t a k e  th i s  o f f e r .  H o w e v e r ,  if you t a k e  the  o f f e r  you  not  on ly  

get  t h i s  f r e e  e d u c a t i o n  and  a u t o m a t i c  a p p l i c a t i o n  to  the  c o l l e g e  of y o u r  

c h o i c e  but  a g u a r a n t e e  tha t  upon g r a d u a t i o n ,  ff y o u r  m a r k s  a r e  above  

the  a s s i g n e d  s t a t e  l eve l ,  you  wi l l  ge t  a job a f  f r o m  2 to  3 t i m e s  t he  

p r e v a i l i n g  w a g e s ,  wi th  f r i n g e  b e n e f i t s  in  a d d i t i o n .  " 
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Now, what  Sov ie t  son  o r  d a u g h t e r  is  go ing  to  t u r n  tha t  down ? So you 

s e e  the  m o t i v a t i o n  tha t  p r o m p t  ed the  f i r s t  c h a r t . t h a t  I s h o w e d  you.  

2. What  is  the  qua l i ty  ? Our  N a t i o n a l  A c a d e m y  of S c i e n c e  F o u n d a t i o n  

h a s  m a d e  a s t u d y  of t h i s .  

h i s  g r e a t  w o r k  at  M. I. T. 

P r o f e s s o r  C a r r o l l  has  m a d e  a s t udy  of it in 

T h e y  h a v e  c o m e  up wi th  the  fac t  tha t  R u s s i a n  

e n g i n e e r s ,  about  w h i c h  I wi l l  s p e a k  on ly  fo r  the  m o m e n t ,  have  an e d u c a -  

t ion  e q u a l  to  o u r s ,  s u p e r i o r  in  s o m e  r e s p e c t s ,  and i n f e r i o r  in s o m e  

r e s p e c t s ,  bu t  o v e r a l l  equa l .  T h e y  a r e  f i v e - y e a r  c o l l e g e  g r a d u a t e s  i n s t e a d  

of four ,  and on ly  a f e w  A m e r i c a n  u n i v e r s i t i e s  t o d a y  r e q u i r e  f ive  y e a r s  

fo r  e n g i n e e r i n g .  T h e y  a r e  not  h e a v i l y  i n d o c t r i n a t e d  p o l i t i c a l l y .  In o t h e r  
in c o l l e g e  

w o r d s ,  t h e y  d o n ' t  w a s t e  t h e i r  t l m e ] w i t h  p o l i t i c a l  l e c t u r e s  p e r  s e  a t  the  

e x p e n s e  of t h e i r  s t u d i e s .  

T h e s e  R u s s i a n  e n g i n e e r s ,  m e n  and w o m e n  a l ike ,  w i th  no l ine  d r awn ,  

c o m e  out  as  f i n i s h e d  p r o d u c t s ,  r e a d y  to  go to  w o r k - - w h i c h  o u r s  do not .  

I t h i n k  t h e r e  we h a v e  the  a d v a n t a g e .  G e n e r a l l y  s p e a k i n g ,  o u r  e d u c a t i o n  
and d e e p e r .  

is  b r o a d e r .  G e n e r a l l y  s p e a k i n g ,  t h e i r s  is  n a r r o w e r ~  A m e c h a n i c a l  

e n g i n e e r  d o e s n ' t  c o m e  out n e c e s s a r i l y  as  a m e c h a n i c a l  e n g i n e e r ;  he c o m e s  

out as  a r e f r i g e r a t i n g  e n g i n e e r ,  o r  an a i r - c o n d i t i o n i n g  e n g i n e e r ,  o r  a 

b o i l e r  e n g i n e e r .  Our s  c o m e  out as  m e c h a n i c a l  e n g i n e e r s .  

So o u r  boys  t a k e  a y e a r  o r  s o  i n d o c t r i n a t i o n  in  any  g i v e n  i n d u s t r y  

in w h i c h  t h e y  a t t a c h  t h e m s e l v e s  b e f o r e  t h e y  b e c o m e  p r a c t i c i n g  e n g i n e e r s .  

But t h e y  have  a g r e a t e r  p o t e n t i a l  f o r  l e a d e r s h i p .  R u s s i a  has  d i s c o v e r e d  

t h i s .  
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This  is  t he  A c h i l l e s  h e e l  of  h e r  s y s t e m .  But  d o n ' t  u n d e r r a t e  the  who le  

I n  a n .  

I c anno t  d e v o t e  any  m o r e  t i m e  to t h i s  today .  I have  r u n  o v e r  m y  

d e a d l i n e .  I m e r e l y  w a n t e d  to d i s c h a r g e  the  r e q u e s t  of A d m i r a l  P a t r i c k  

and to s ay  tha t  I f e e l  as  s t r o n g l y  about  t h i s  a s  I f e e l  about  any  of t h e s e  

o t h e r  m a t t e r s .  

We m u s t  look to  A m e r i c a n  educa t i on ,  j u s t  a s  you in t h i s  C o l l e g e  

m u s t  look  to  y o u r  m i l i t a r y  e f fo r t~  t o  m a i n t a i n  o u r  p o s i t i o n  in  t h i s  w o r l d  

co ld  w a r .  

T h a n k  you.  

C A P T A I N  HYDE:  G e n t l e m e n ,  Mr .  Ward  is r e a d y  f o r  y o u r  q u e s t i o n s .  

If you wi l l  i n d i c a t e  y o u r  d e s i r e  to be  c a l l e d  upon  by a s h o w  of hands~l~ll 

a t  once ;  you can  a s k  the  q u e s t i o n  w h e t h e r  I a c k n o w l e d g e  it o r  not .  

QUESTION:  Mr .  Ward~ f r o m  y o u r  l e c t u r e  we got t he  d i s t i n c t  i m p r e s s i o n  

tha t  in s o m e  r e s p e c t s  we l ag  beh ind  the  Sov i e t  Union  i n s o f a r  as  the  output  

of s c i e n t i f i c  p e r s o n n e l  is  c o n c e r n e d  and tha t  we a r e  c u r r e n t l y  a h e a d  i n s o -  

f a r  as  the  output  of  e n g i n e e r i n g  p e r s o n n e l  is  c o n c e r n e d ,  and tha t  Mr .  

K h r u s h c h e v  has  s t a t e d  tha t  by about  1980 the  Sov ie t  Union  wi l l  h a v e  s u r -  

p a s s e d  us  in  g r o s s  n a t i o n a l  p r o d u c t  and tha t  in  p a r t  t h i s  p r e d i c t i o n  is  

b a s e d  on h is  an t i  c i p a t i o n  of c o n t i n u e d  g r o w t h  in c o n n e c t i o n  wi th  s c i e n t i f i c  

and e n g i n e e r i n g  p e r s o n n e l  output .  

You s t a t e d  in the  c o u r s e  of the  l e c t u r e  tha t  we s t i l l  h a v e  t i m e .  The  
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q u e s t i o n  now i s :  We h a v e  t i m e  to do the  t h i n g  tha t  we  know we have  to  

do but  how a r e  we  go ing  to do it and  wha t  i s  i t  ? I a m  s p e a k i n g  now w i t h  

r e s p e c t  to  i n c r e a s i n g  o u r  ou tput  of s c i e n t i f i c  and  e n g i n e e r i n g  p e r s o n n e l .  

MR.  WARD: To go b a c k  to  y o u r  f i r s t  r e m a r k s ,  I do not  know tha t  

t h e y  a r e  a h e a d  of us  in  e i t h e r  s c i e n c e  o r  e n g i n e e r i n g ,  o t h e r  t h a n  in  vo l -  

u m e  of g r a d u a t e s  and  tha t  t he  g r a d u a t e s  a r e  good .  I know tha t  t h e  t o t a l  

n u m b e r  who  a r e  p r o c e s s e d  is  on ly  a b o u t  e q u a l  w i th  o u r s  now.  In o t h e r  

w o r d s ,  you  s e e ,  t h e y  had  a b ig  d e f i c i e n c y  to m a k e  up.  T h e y  h a v e  b e e n  

c a t c h i n g  up on tha t  d e f i c i e n c y  by  g r a d u a t i n g  m o r e  t h a n  w e  do, on ly  s i n c e  

the  w a r ,  b e c a u s e ,  p r i o r  to the  w a r  we g r a d u a t e d  m o r e  t h a n  t h e y  d id .  

Th i s  i s  a p o s t w a r  d e v e l o p m e n t  and  t h e i r  r a t e  of c a t c h i n g  up is  f r i g h t e n i n g .  

T h e  r e a s o n  I m a d e  m y  c o m m e n t  tha t  we h a v e  t i m e  i s  b e c a u s e ,  e v e n  

a t  t h i s  L~te da t e ,  the  t o t a l  n u m b e r  of  s c i e n t i s t s  and e n g i n e e r s  a v a i l a b l e  to 

us  and  ff you  t h r o w  in o u r  a l l i e s  is  s t i l l  a b l a n k e t  o v e r  R u s s i a t s  c a p a b i l i t y  

w i th  h e r  a l l i e s .  T h i s  w o n ' t  l a s t .  

Now, I hope  you  a l l  n o t i c e d  t ha t  on tha t  c h a r t  t h e r e  w a s  a b e t t e r  r e c o g -  

n i t i o n  on the  p a r t  of o u r  a l l i e s  of t he  r o l e  of s c i e n c e  and  e n g i n e e r i n g  and  

c o l l e g e  e d u c a t i o n  t h a n  t h e r e  was  w i th  u s .  I a m  u s i n g ,  of c o u r s e ,  the  

p e r c e n t a g e  on tha t  c h a r t  a s  m y  c o m m e n t a r y .  So, a l l  of t h o s e  a l l i e s ,  

i n c l u d i n g  I t a l y  and c o u n t r i e s  t ha t  m a n y  A m e r i c a n s  t h i n k  m i g h t  be  m o r e  

i n c l i n e d  t o w a r d  the  a r t s~  a l l  a p p r e c i a t e  t h i s  n e e d  and  t h i s  p r o b l e m .  

How do we c o m b a t  t h i s ?  L e t ' s  l ook  a t  the  p r e s e n t  s c e n e  in  the  

Un i t ed  S t a t e s .  I t ' s  a r a t h e r  t r a g i c  t h i n g  tha t  the  n u m b e r  of  e n g i n e e r i n g  
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a p p l i c a n t s  f o r  e n r o l l m e n t  in e n g i n e e r i n g  s c h o o l s  has  d e c l i n e d  in the  l a s t  

few y e a r s .  I n s t e a d  of go ing  up i t ' s  g e t t i n g  w o r s e .  H o w e v e r ,  I am  told  

by e d u c a t o r s  tha t  one  r e a s o n  fo r  t h i s ,  ff not  t he  r e a s o n ,  is  the  f ac t  tha t  v 

m o r e  of t h e m  a r e  t a k i n g  s c i e n c e .  T h e y  a r e  c o n f u s i n g  s c i e n c e  wi th  e n g i n -  

e e r i n g .  G e n t l e m e n ,  t he  e d u c a t i o n a l  f r a t e r n i t y  c o n f u s e s  s c i e n c e  wi th  

e n g i n e e r i n g  in m a n y  a r e a s  of p r e s e n t - d a y  e d u c a t i o n ,  p a r t i c u l a r l y  t h o s e  

a r e a s  tha t  l i e  o u t s i d e  of t h o s e  two d i s c i p l i n e s .  One l e a d i n g  A m e r i c a n  

e n g i n e e r i n g  s c h o o l  r e c e n t l y  took  a p h y s i c i s t  as  i t s  D e a n  of E n g i n e e r i n g ,  

and o t h e r  e n g i n e e r i n g  d e a n s  h a v e  c o m e  to  m e  and h a v e  sa id ,  "Oh, d e a r [  

A r e  t h e y  t u r n i n g  t h e i r  e n g i n e e r i n g  s c h o o l  in to  a s c i e n c e  s c h o o l ? "  Th i s  

s h o w s  the  p r e o c c u p a t i o n  w i th in  ou r  e d u c a t i o n a l  i n s t i t u t i o n s .  

T h e r e  i s  no e a s y  a n s w e r  to y o u r  po in t .  T h e r e  is  t i m e .  Now, how 

do we m o t i v a t e  ou r  peop l e ,  what  i n c e n t i v e  c a n  we  g ive  o u r  peop le ,  t ha t  

c o r r e s p o n d s  to t h i s  i n c e n t i v e  tha t  the  R u s s i a n s  g ive  ? You a r e  not  g o i n g  

to  do it  t ha t  way  u n l e s s  the  Uni t ed  S t a t e s  G o v e r n m e n t ,  a s  in  the  c a s e  of 

s o l i d - s t a t e  p h y s i c s  and m a t e r i a l s ,  t e n d  to  the  c o n c l u s i o n  tha t  I have  c o m e  

to, and  t h e n  o f fe r  n a t i o n a l  s c h o l a r s h i p s  in  p r o f u s i o n  in s c i e n c e s  and e n g i n -  

e e r i n g  as  o p p o s e d  to l i b e r a l  a r t s .  Of c o u r s e  t h e r e  would  be  t he  g r e a t e s t  

old h o r n e t ' s  n e s t  to  f a c e  ou r  e d u c a t o r s  who  a r e  s t i l l  t a l k i n g  up the  i d e a  

t hat  l i b e r a l - a r t s  e d u c a t e d  p e o p l e  r e a l l y  know how to  r u n  the  w o r l d  w h e r e a s  

the  s c i e n t i s t s  and e n g i n e e r s  a r e  so  p r e o c c u p i e d  wi th  t h e i r  t i n w a r e  t ha t  

t h e y  a r e  s o r t  of  s u b l i m a t e d  c h e m i s t s .  

I am not  m a k i n g  fun of a n y b o d y  h e r e .  Th i s  I know,  b e c a u s e  I am 
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dea l i ng  with  a c a d e m i c  people .  It is  a r e a l  point .  You 've  a sked  one 

of the m o s t  d i f f icul t  ques t ions  in the wor ld ,  s i r ,  and I can  only add to 

y o u r  c o m p l e x i t y  by  going s l i g h t l y  f u r t h e r  and s a y i n g  tha t  on the ca m pus  

the t r u t h  of the m a t t e r  is ,  ff you look away  down in s ide  of the  v i s c e r a  

of the  e d u c a t o r s ,  you wi l l  f ind tha t  the l i b e r a l - a r t s  m e n  a r e  a f r a i d  of 

s c i e n c e  and eng inee r ing ,  

domina ted  by the Church ,  

b e c a u s e  t r a d i t i o n a l l y  A m e r i c a n  educa t ion  was  

and up unt i l  the Civi l  War  and the p a s s a g e  of 

the M o r r i l l  L a n d - G r a n t  Act  a l l  A m e r i c a n  u n i v e r s i t i e s  had c u r r i c u l a  

in which  Lat in ,  Greek,  and the C l a s s i c s  w e r e  the c e n t r a l  t heme ,  and 

the s o - c a l l e d  honorab l e  p r o f e s s i o n s  were  law, m e d i c i n e ,  and the m i n i s t r y .  

E n g i n e e r s  w e r e  educa ted  in a kind of an  A&M s o r t  of p i c t u r e  tha t  you find 

in s o m e  S ta tes ,  a l im i t ed  educa t i ona l  t r a d e  schoo l .  

This  w a s n ' t  upse t  in the  United S ta tes ,  gen t l emen ,  un t i l  the  Civi l  War ,  

when t h e  f i r s t  u n i v e r s i t y  t augh t  e n g i n e e r i n g  fo r  the f i r s t  t i m e .  Mechan ic  

a r t s  was the name  for  i t .  Of c o u r s e  West  Po in t  was  the ou t s t and ing  

example ,  b e c a u s e  it  taught  c iv i l  e n g i n e e r i n g ,  or  taught  it a s  m i l i t a r y  

e n g i n e e r i n g .  

In t e r m s  of a nat ion,  th i s  is  a s h o r t  pe r iod  we a r e  looking at .  So 

I don ' t  th ink  anybody can change  th i s  p i c t u r e  in  a y e a r ,  and I am a f r a id  
l i b e r a l - a r t s  

what  you 've  got is  the  f e a r  of t h e s e / e d u c a t o r s  tha t  s c i e n c e  i s  becoming ,  

t h rough  space ,  m o n k e y s ,  and a l l  th i s  s tuff ,  the s t a r  a t t r a c t i o n  for  youth,  

tha t  i t  is going to pul l  the  s t uden t s  away  f rom t h e i r  e n t r e n c h e d  a r e a s .  

T h e y ' r e  j u s t  l ike  you a re ;  t h e y ' r e  h u m a n ,  and they  f ight  fo r  t h e i r  d i s c i p l i n e s ,  
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and t h e y  f ight  in b e t w e e n  t h e i r  d i s c i p l i n e s ,  j u s t  l i ke  A r m y ,  Navy, and 

A i r ,  in  m a n y  i n s t a n c e s .  T h e r e ' s  not  a b ig  d i f f e r e n c e .  T h e y  f igh t  f o r  

d o l l a r s ,  f igh t  fo r  b u i l d i n g s ,  and f ight  fo r  p r o f e s s o r s .  So you have  th i s  

ba t t l e  go ing  on. 

Now, t h e r e  is  s o m e t h i n g  v e r y  a p p e a l i n g  to peop l e  who a r e  not  s c i e n -  

t i s t s  and e n g i n e e r s  about  t he  g e n e r a l  s t a t e m e n t ,  n a m e l y ,  tha t  only  people~ 

on ly  peop le ,  who s p e c i a l i z e  in the  s t u d y  of h i s t o r y  and the  h u m a n i t i e s  a r e  

fit  f o r  l e a d e r s h i p .  

G e n t l e m e n ,  I love  to  d i s c u s s  t h i s .  Y o u ' v e  o p e n e d  P a n d o r a ' s  box.  

In the  f i r s t  p l ace ,  I r e a d  the  H i s t o r y  of  t he  R e v o l u t i o n  in a t y p i c a l  A m e r i c a n  

s c h o o l .  I was  up in  Canada  and I had s o m e  t i m e  on m y  hands ,  so  I p i c k e d  

up a book,  and it was  a C a n a d i a n  h i s t o r y .  I r e a d  about  the  R e v o l u t i o n  

in tha t  and it  was  not  the  s a m e  w a r  at a l l .  Th i s  is  not  a s c i e n c e ,  and 

ye t  h i s t o r y  is  l a b e l e d  as  a s o c i a l  s c i e n c e ,  in  Ya le  U n i v e r s i t y .  T h i s  i s  a 

c o m p l e t e  m i s s  of u n d e r s t a n d i n g .  I ' l l  be t  a c o o k i e  tha t  t he  S ta te  D e p a r t -  

m e n t  r e p r e s e n t a t i v e  h e r e  has  m u c h  t r o u b l e  wi th  the  s e m a n t i c s  and d i f f e r -  

en t  i n t e r p r e t a t i o n s  in  d i f f e r e n t  c o u n t r i e s  w i th  d i f f e r e n t  c i v i l i z a t i o n s  and 

d i f f e r e n t  b a c k g r o u n d s  on sLmple  c o n c e p t s .  

Th i s  is  what  r i d d l e s  the  s t u d i e s  of h u m a n i t i e s  and s c i e n c e s .  Th i s  

is  why t h e y  a r e  h a v i n g  so  m u c h  t r o u b l e  in  A f r i c a  and  o t h e r  a r e a s .  Al l  

s c i e n c e s ,  a l l  h u m a n i t i e s  a r e  not  t h o s e  of t h e s e  o t h e r  c i v i l i z a t i o n s - -  

c e r t a i n l y  not  of the  C h i n e s e .  

G e n t l e m e n ,  y o u r  q u e s t i o n  is:  How do we c h a n g e  th i s  s i t u a t i o n  ? 

45 



Y o u ' v e  got the  c l a s s i c  i n h e r i t a n c e  of the  h i g h e r  e d u c a t i o n  p a t t e r n  of 

A m e r i c a  f i g h t i n g  fo r  s u r v i v a l  a g a i n s t  t he  a t t r a c t i v e n e s s  of s c i e n c e  

a n d  e n g i n e e r i n g  to  you ths  who l ike  t h e i r  r o c k e t  guns  and a l l  t h e s e  toys  

tha t  you s e e  on e v e r y  c o u n t e r  and in  the  F i v e  and Ten  Cent  S t o r e s - - i f  

t h e r e  w e r e  s u c h  s t o r e s .  

So e d u c a t o r s ,  a f t e r  Sputn ik  I, found t h e m s e l v e s  f a c e d  wi th  a r e v o l u -  

t ion .  You m a y  r e m e m b e r  the  i m m e d i a t e  r e a c t i o n  of Sputn ik  I. Now 

t h a t ' s  b e c o m e  a l i t t l e  old hat ;  so  t h e r e  is a m o v e m e n t  u n d e r  way  to  do 

a w a y  wi th  D e w e y i s m  in ou r  s e c o n d a r y  s c h o o l  s y s t e m .  T h i s  is  h e r e s y ,  

g e n t l e m e n .  If t h e r e  a r e  any  e d u c a t o r s  in t h i s  r o o m  I e x p e c t  to  be sho t  

o r  s t a b b e d  in  the  b a c k  on m y  way  out.  D e w e y i s m  c a m e  in to  ou r  s e c o n d a r y  

s c h o o l  s y s t e m  to p r o m o t e  the  e d u c a t i o n  of p e o p l e  to  be  p e o p l e - - s o  t h e y  

sa id .  Th is  m e a n t  t he  w h o l e  m a n .  Th i s  d e s t r o y e d  the  d i s c i p l i n e  of  ou r  

s e c o n d a r y  s c h o o l  s y s t e m .  I t  w a s n ' t  m e a n t  to .  I a m  s u r e  D e w e y  d i d n ' t  

m e a n  to.  But th i s  is  what  C o l u m b i a  U n i v e r s i t y ' s  T e a c h e r  Co l l ege ,  w h i c h  

is  g i v e n  the  c r e d i t  o r  d i s c r e d i t  f o r  th i s ,  has  done  t h r o u g h  the  y e a r s .  So 

y o u ' v e  got to  undo  t h i s  who le  w h e e l  tha t  I am  d e s c r i b i n g .  

I h a v e  no  pa t en t  r e m e d y .  I d o n ' t  h a v e  a bo t t l e  in m y  p o c k e t  f r o m  wh ich  

you can  t a k e  t e n  e a s y  d r o p s  and  y o u ' r e  c u r e d .  I c an  on ly  t e l l  you tha t  t h e r e  

f i r s t  has  to  c o m e  about  an  u n d e r s t a n d i n g  of t he  p i c t u r e  I hope  I am g iv ing  

you today .  You a r e  f a t h e r s .  You a r e  in  c o m m u n i t i e s .  You a r e  i n t e r e s t e d  

in  m o r e  t h a n  d r o p p i n g  a s w o r d .  If e n o u g h  p e o p l e  s t u d y  t h e s e  q u e s t i o n s ,  

and if  enough  p e o p l e  u n d e r s t a n d  what  y o u r  q u e s t i o n  is ,  t h a t ' s  t he  way 
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in  Am e r i c a  we get  an  a n s w e r .  We h a v e  not  got  it ye t .  

I s u b m i t ,  s i r ,  t h i s  is  not  a good a n s w e r .  

Q ~ S T I O N :  You s t a t e d  tha t  t he  l a c k  of a s s u r a n c e  of c o n t i n u e d  s u p p o r t  

was  a s o u r c e  of d i s t u r b a n c e  to  r e s e a r c h  t e a m s  and p o s s i b l y  to  the  r a t e  of 

a c c o m p l i s h m e n t  a l s o .  Do you th ink  th i s  i s  due  in  l a r g e  p a r t  to  ou r  b u d g e t a r y  

p r o c e s s  in m a n y  e c h e l o n s  of r e v i e w  ? If you do  t h i n k  so,  do you h a v e  any  

hope  of i m p r o v i n g  tha t  ? 

MR. WARD: Yes ,  to booth of y o u r  q u e s t i o n s .  It i s  due  to  the  b u d g e t a r y  

r e v i e w  and it  i s  due to  a n o t h e r  t h i n g  you h a v e n ' t  m e n t i o n e d - - t h e  t w o - y e a r  

] i m i t a t i o n  of a p p r o p r i a t i o n s  in  the  C o n g r e s s .  In s t a r t i n g  th i s  p r o g r a m  

tha t  I m e n t i o n e d  to  you, to e d u c a t e  m o r e  P h . D .  ' s  in  rna t e r i a i s~  th i s  

b e c a m e  an  i n s u p e r a b l e  b a r r i e r .  Not a s i n g l e  u n i v e r s i t y  would  r e s p o n d  

to  the  n e e d s  of ou r  G o v e r n m e n t  to  put in  a t w o - y e a r  f a c i l i t y  fo r  e d u c a t i n g  

t h e s e  Ph~ D. ' s  in  t h i s  a d v a n c e d  f i e ld .  The  r e a s o n ?  T h e y  canno t  ge t  

p r o f e s s o r s  to c o m e  on a c a m p u s  fo r  two y e a r s .  

I have  a l w a y s  s a i d  to  m y  Board~ f o r  m a n y  y e a r s ,  tha t  the  Gove rnnnen t  

can  do a n y t h i n g  it w i s h e s  to  do and it  c anno t  do a n y t h i n g  it  w i s h e s  not  to  

do, and it  c an  s t i l l  be  w i t h i n  r e g u l a t i o n s  in  bo th  c a s e s .  You m a y  want  to  

c h a l l e n g e  m e  on  t h i s ,  bu t  I have  p l en ty  of m a t e r i a l  to f ight  you wi th .  So 

the  D e f e n s e  E s t a b l i s h m e n t  could  not  get  a u n i v e r s i t y  to  d e v e l o p  P h . D .  's  

on a t w o - y e a r  p r o g r a m .  So, wha t  h a p p e n e d  ? T h e y  h a v e  g u a r a n t e e d  t h e s e  

f i r s t  u n i v e r s i t i e s  s u p p o r t  f o r  b e t w e e n  f ive  and t e n  y e a r s .  How did t h e y  

do it  v h e n  C o n g r e s s  s a y s  on ly  t w o ?  D o n ' t  a s k  m e .  I d o n ' t  w r i t e  the  r u l e  
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b o o k s .  But t h a t ' s  what  t h e y  h a v e  done .  

Now, t h i s  is  wha t  is  n e e d e d  in  R&D. You know, away  b a c k  in  the  

d a r k  a g e s  of the  t h i r t i e s ,  I got  m y  b i g g e s t  o r d e r  of a v i a t i o n  e n g i n e s  

and  it  t ook  m o r e  t h a n  two y e a r s  to  f i n i s h  the  c o n t r a c t .  Th i s  was  w h e n  

Ma P e r k i n s  was  r i d i n g  h igh  and was  r e v i s i n g  o u r  l a b o r  p i c t u r e  in the  

Uni ted  S t a t e s  u n d e r  a b e n i f i c e n t  d i c t a t o r s h i p .  I c o u l d n ' t  f o r e e ~ t  the  

c o s t  two y e a r s  a f t e r w a r d  and so  s a i d .  So w h e n  N~vy ~ e r e  p r o c u r i n g  

th i s  o r d e r  and t h e y  sa id ,  "We have  a c o n s t i t u t i o n a l  l i m i t a t i o n .  W e ' r e  

s o r r y ,  " I s a id ,  "Oh, t h a t ' s  wha t  you s a y .  How do you bu i ld  a b a t t l e  s h i p  ? 

It t a k e s  f i ve  y e a r s .  " T h e y  sa id ,  " T h a t ' s  d i f f e r e n t .  " I s a id ,  "What  is  the  

d i f f e r e n c e  ? "  T h e y  sa id ,  "A b a t t l e  sh ip  i s n ' t  an a v i a t i o n  e n g i n e .  " I sa id ,  

"I  know, but i t ' s  the  s a m e  u n d e r  Navy law.  " T h e y  sa id ,  "We know, but  

C o n g r e s s  u n d e r s t a n d s  t h i s .  " I s a id ,  "Wel l ,  i t ' s  y o u r  job to  m a k e  the  

C o n g r e s s  u n d e r s t a n d  t h i s ,  b e c a u s e  th i s  is  a fac t  of l i fe .  " 

At  tha t  t i m e  I got  a n  o r d e r  f r o m  the  A r m y .  You d i d n ' t  have  an  A i r  

F o r c e  t h e m .  Th i s  was  f r o m  G e n e r a l  B u r n s ' s  o f f i ce .  If s o m e  of you 

p r e s e n t  h e r e  k n e w  h im,  he was  a v e r y  w o n d e r f u l  g e n t l e m a n .  T h i s  o r d e r  

was  a d u p l i c a t e  of t he  N a v y ' s .  So I wen t  to  t he  A r m y  and I sa id ,  "Al l  

y o u ' v e  got to  do is  to  g i v e  m e  a c o n t r a c t  tha t  r u n s  l o n g e r  t h a n  two y e a r s  

wi th  an  e s c a l a t o r  c l a u s e  to  p r o t e c t  m e  a g a i n s t  m o d e r n  g o v e r n m e n t  p o l i c i e s  

on l a b o r .  " T h e y  sa id ,  "Oh, we c a n ' t  do tha t .  In the  f i r s t  p l ace ,  t h a t ' s  

a v a r i a b l e  p r i c e .  We c a n ' t  buy  t h e m  on a v a r i a b l e  p r i c e .  " 

d i d n ' t  know tha t  I had t h i s  c o n t r a c t  f r o m  the  Navy, you s e e .  
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"Wel l ,  G e n e r a l ,  t h i s  is  u n f o r t u n a t e ,  b e c a u s e  m y  f ine  p r i n t  on the  c o n t r a c t  

s a y s  tha t  I ' ve  got to  f u r n i s h  the  s a m e  p r i c e  to  the  A r m y  as  to  the  Navy on 

any  i d e n t i c a l  a r t i c l e .  I c a n ' t  do it.  " He s a id ,  " Y o u ' v e  got to  do i t .  T h a t ' s  

the  law.  " I sa id ,  "No, I d o n ' t .  

c a n ' t  f u r n i s h  you  any  e n g i n e s .  " 

Not u n l e s s  you put m e  in  j a i l  I don ' t .  I 

He sa id ,  Why n o t ? "  I s a id ,  " T h e  Navy 

has  g iven  m e  a c o n t r a c t ,  so  I can  quo te  t h e m  a l o w e r  p r i c e  t h a n  I c an  

quote  you, b e c a u s e  I h a v e  an  e s c a l a t o r  c l a u s e .  " He sa id ,  "Wel l ,  l e t  

m e  have  i t .  " So he  t o o k  it to the  Judge  A d v o c a t e  G e n e r a l ,  and the  J u d g e  

A d v o c a t e  G e n e r a l  w r o t e  a l e a r n e d  op in ion ,  and the  op in ion  sa id ,  " T h i s  

is  not  p o s s i b l e  u n d e r  A m e r i c a n  l aw and canno t  be  done .  " So I m a i l e d  

h im m y  Navy c o n t r a c t .  I got  a n o t h e r  l e t t e r  f r o m  the  Judge  A d v o c a t e  

G e n e r a l ,  f o r g e t t i n g  the  f i r s t  l e t t e r ,  and I got  m y  A r m y  c o n t r a c t .  

If you a r e  p r e s e r v i n g  the  Uni t ed  S t a t e s  of A m e r i c a ,  d o n ' t  h ide  b e h i n d  

r e g u l a t i o n s .  If y o u ' v e  got r e g u l a t i o n s  tha t  t i e  y o u r  hands ,  f o r  H e a v e n ' s  

s ake ,  b r i n g  t h e m  out to  the  p o l i c y  p e o p l e .  

Now I am going  to t e l l  you one  m o r e  b r i e f  l i t t l e  s t o r y  on p o l i c y  w h i c h  

I h e a r d  on ly  th i s  w e e k e n d .  I had as  a g u e s t  the  D e a n  of an  e n g i n e e r i n g  

s c h o o l  in H a r t f o r d ,  and  he was  c o m p l a i n i n g  abou t  p r o b l e m s  w i th in  the  

u n i v e r s i t y .  T h e y  w e r e  not the  o n e s  we have  d i s c u s s e d ;  t h e y  w e r e  o t h e r  

ones. In the course of it, 

"What policies ?" 

with sore feet?" 

guy suffered immeasurably. 

he said, "It's these damn policies. " I said, 

He said, "Did you ever hear the story of the centipede 

I said, "No." "Well, here it is, " he said. This poor 

He finally talked to the rest of his friends 
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and t h e y  sa id ,  "Go to  s e e  the  w i s e  old owl .  " Tha t  s e e m e d  to be  a good 

idea ,  so  he m a d e  the  l ong  and s o r e f o o t e d  j o u r n e y  and c a m e  to  the  old owl  

s i t t i n g  on the  b r a n  ch.  He sa id ,  " W i s e  Old Owl, I n e e d  s o m e  good a d v i c e .  

I have  s o r e  f ee t .  How do I ge t  r i d  of m y  s o r e  f e e t  ? "  Well ,  the  owl  f l apped  

h i s  w ings  a t i t t l e  b i t  and s a id j  "Give  m e  a day  to  t h i n k  i t  o v e r .  " So the  

p o o r  guy m a d e  two j o u r n e y s  m o r e  on h i s  s o r e  f e e t .  He c a m e  b a c k  to  the  

owl  and a s k e d  the  w i s e  old own f o r  h i s  d e c i s i o n .  The  owl  f l apped  h i s  w ings  

and looked  v e r y  pedan t i c )  and he sa id ,  "Now, I have  o b s e r v e d  tha t  m i c e  

have  on ly  f o u r  f ee t ,  and I have  n e v e r  known  a m o u s e  wi th  s o r e  f ee t .  Why 

d o n ' t  you c h a n g e  y o u r s e l f  in to  a m o u s e ? "  The  c e n t i p e d e  though t  tha t  was  

a p r e t t y  good i d e a  and  he  s t a r t e d  to waLk away .  A l l  of a sudden ,  s o m e t h i n g  

hi t  h im,  and he  want  b a c k  and  sa id ,  "How do I do tha t  ? "  "Oh, " the  owl 

sa id ,  "Don ' t  a s k  m e .  I on ly  s p e a k  fo r  po l i cy .  " 

So m y  a n s w e r  t h e n  i s  po l i cy .  I know no o t h e r  a n s w e r .  

QUESTION:  You w e r e  t a l k i n g  abou t  the  Sov ie t  s u r p a s s i n g  us in 

c e r t a i n  i n s t a n c e s ,  t a l k i n g  of the  v o l u m e  of e n g i n e e r i n g  and the  v o l u m e  

of s c i e n t i f i c  e n d e a v o r .  What  a r e  y o u r  t h o u g h t s  on the  chal~hel izat ion of 

t h i s  s c i e n t i f i c  e n d e a v o r  o r  e n g i n e e r i n g ?  F o r  e x a m p l e ,  y e a r s  ago  a 

m e c h a n i c a l  e n g i n e e r  t ook  c a r e  of h e a t i n g .  

m e c h a n i c a l  v e n t i l a t i o n  o r  a i r  c o n d i t i o n i n g .  

MR. WARD: Y o u r  poin t  is  w e l l  t a k e n .  

T o d a y  he can  s w i t c h  o v e r  to  

What  about  c h a n n e l i z a t i o n  ? 

In the  Sov ie t  t h e r e  is  s o m e  

e m p h a s i s  on c h a n n e l i z a t i o n ,  by  the  s a m e  s y s t e m  of p e r c e n t a g e .  You 

m a y  r e m e m b e r  tha t  i t  was  K h r u s h c h e v  who t w i s t e d  E i s e n h o w e r ' s  l eg  
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at  the  C a m p  David  c o n f e r e n c e  by p o i n t i n g  out tha t  m o r e  and m o r e  the  

Sov ie t s  w e r e  u s i n g  i n c e n t i v e s ,  a l t h o u g h  it  was  s u p p o s e d  to  be  a C o m m u n i s t  

s t a t e ,  and tha t  the  Uni ted  S t a t e s  was  go ing  t o w a r d  s o c i a l i s m ,  a l t h o u g h  it 

was  s u p p o s e d  to  be  a f r e e  e n t e r p r i s e  s t a t e .  Of c o u r s e  t h i s  is  t r u e .  

The  a n s w e r ,  then ,  is  i n c e n t i v e .  The  Sov ie t s ,  a s  f a r  as  I h a v e  any  

p e r s o n a l  k n o w l e d g e ,  do not  o r d e r  t h e s e  p e o p l e  to do t h e s e  t h i n g s ~ - y o u  

u s e d  the  w o r d  " c h a n n e l i z e .  

E i t h e r  i t  is a b e t t e r  living~ 

" T h e y  o f f e r  an  i n c e n t i v e  w h e n  t h e r e  is  a n e e d .  

a f r i n g e  bene f i t ,  o r  an ou t -and-ou t  s a l a r y .  

You know tha t  in  ou r  own c o u n t r y  p e o p l e  r e s p o n d  to t h o s e  k inds  of 

i n c e n t i v e s .  So I d o n ' t  t h ink  t h e r e  i s  any  m a g i c  in t h i s  th ing .  I t h i n k  t h e  

q u e s t i o n  a n s w e r s  i t s e l f .  If t h e r e  is  an  A m e r i c a n  n e e d  fo r  m o r e  e n g i n e e r s  

and s c i e n t i s t s ,  t h e r e  a r e  two t h i n g s  we have  to  do: F i r s t ,  you h a v e  to  

p o p u l a r i z e  y o u r  p r o b l e m .  T h i s  is  a d e m o c r a c y  and p e o p l e  w i l l  do t h i n g s  

p u r e l y  i n d e p e n d e n t l y .  A f t e r  you have  s t a t e d  the  p r o b l e m  so  it is  u n d e r -  

s t o o d - - w h i c h  it  i s  n o t - - t h e n  can  c o m e  the  i n c e n t i v e s .  I ' l l  g ive  you the  

i n c e n t i v e s .  

In one  c o l l e g e  in  w h i c h  I am i n t i m a t e l y  i nvo lved ,  l a s t  y e a r  the  a v e r a g e  

e n g i n e e r i n g  g r a d u a t e  ac rQsa~th~  b o a r d  in s e v e r a l  d i f f e r e n t  d i s c i p l i n e s  

got  an  a v e r a g e  s t a r t i n g  s a l a r y - - a n d  I am u s i n g  the  word  " a v e r a g e "  n o w - -  

of $535 a m o n t h .  H e r e ' s  a f e l l o w  wi th  no e x p e r i e n c e .  The  C o l l e g e  of 

L i b e r a l  A r t s  g r a d u a t e s  got  a s a l a r y  o v e r  $100 b e l o w  tha t  f i g u r e .  But, 

how m a n y  boys  know th i s  ? How m a n y  p a r e n t s  s i t  down wi th  t h e i r  c h i l d r e n  

and ou t l i ne  w h e r e  the  o p p o r t u n i t i e s  are~ w h e r e  the  c h a l l e n g e s  a r e  ? 
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O n e  of ou r  p r o b l e m s ,  g e n t l e m e n ,  is  tha t  in t h i s  f r e e  d e m o c r a c y  of 

o u r s  we g ive  c h i l d r e n  so  m u c h  f r e e d o m .  T h e y  l e a r n  tha t  e n g i n e e r i n g  

is  a lot  h a r d e r  t han  o t h e r  t h i n g s .  I h a v e  a g r a n d  n e p h e w  now who has  

had two y e a r s  of e l e c t r i c a l  e n g i n e e r i n g  u n d e r  h i s  b e l t .  He has  c o m e  up 

and t a l k e d  to  m e  on w a y s  to  sh i f t  o v e r  in to  Liberal  a r t s .  I s a id ,  "What  

m a d e  you t a k e  e n g i n e e r i n g  to  b e g i n  w i t h ? "  He sa id ,  "I  l i ked  i t .  " I 

sa id ,  " W h a t ' s  t he  m a t t e r  wi th  it n o w ? "  "Wel l ,  " he  said~ " I ' v e  got f o u r  

r o o m m a t e s .  T h e y  can  go out w e e k e n d s  and e v e n i n g s  and a f t e r n o o n s ,  

and I ' v e  got to go o v e r  to  the  d a r n e d  l a b o r a t o r i e s  and w r i t e  r e p o r t s .  " 

Th i s  is  y o u r  p r o b l e m ,  g e n t l e m e n .  How do you ge t  in  the  Uni ted  S t a t e s  

a s t r o n g e r  m o t i v a t i o n ?  I am not  u s i n g  m y  g r a n d  n e t ~ e w  to expand  f r o m  

the  s p e c i a l  to the  g e n e r a l ,  but  I t h ink  you w i l l  f ind th i s  p r o b l e m  u n d e r l i e s  

a g r e a t  d e a l  of wha t  w e ' v e  b e e n  t a l k i n g  abou t .  E n g i n e e r i n g  is  h a r d e r .  

S c i e n c e  i s  h a r d e r .  S e c o n d a r y  s c h o o l  s y s t e m s  have  f a l l e n  down t r e m e n d o u s l y  

on the  e a r l i e r  i n d o c t r i n a t i o n  in  the  s c i e n c e s .  H e r e ' s  w e r e  R u s s i a  g e t s  

the  head  s t a r t  on qua l i t y .  T h e r e  s c i e n c e  and m a t h e m a t i c ~  c o u r s e s  in  

the  s e c o n d a r y  s c h o o l  s y s t e m s  a r e  o v e r  a u n i v e r s i t y  y e a r  a h e a d  of u s .  

You know tha t  t he  s t a t i s t i c s  f r o m  the  e d u c a t i o n a l  b o a r d s  ~Lere in W a s h i n g t o n  • 

in the  D e p a r t m e n t  of E d u c a t i o n  s h o w  tha t  a f r i g h t e n i n g  m i n o r i t y  of h igh  

s c h o o l s  in  t he  Uni ted  S t a t e s  t e a c h  p h y s i c s  a t  a l l .  T h e y  h a v e n ' t  e v e n  

got p h y s i c s  l abs .  When  the  l o c a l  s c h o o l  b o a r d  t r i e s  to  r a i s e  b o n d s  to  
tha t  

bu i ld  a n e w  s c h o o l  and  it c o m e s  ou t / the  l a b o r a t o r y  f o r  p h y s i c s  is  m o r e  
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e x p e n s i v e  than  the  r e c i t a t i o n  r o o m  fo r  the  s t u d y  of m a r r i a g e  c o u n s e l i n g  

o r  s o m e t h i n g  of t he  s o r t ,  t he  l a t t e r  ge t s  the  m o n e y .  

So th i s  i s  y o u r  p r o b l e m .  The  f i r s t  p r o b l e m  g e t s  r i g h t  b a c k  to  

the  s e c o n d a r y  s c h o o l  p r o b l e m .  You s e e ,  we d o n ' t  have  a K r e m l i n .  We 

c a n ' t  o r d e r  our  s e c o n d a r y  s c h o o l s .  E v e r y  s c h o o l  b o a r d  and e v e r y  c o m -  

m u n i t y  has  to  be  i n d o c t r i n a t e d .  

QUESTION:  Is i t  t r u e  tha t  in  R u s s i a  the  s c i e n t i s t  and the  e n g i n e e r  

has  g r e a t e r  p r e s t i g e  and  r e s p e c t  f r o m  tt~e g e n e r a l  pub l ic  t h a n  in  the  

Uni ted  S t a t e s  ? If so,  what  do you t h i n k  is  t he  r e a s o n  ? 

MR. WARD: Y ~ h e  d o e s ,  and the  r e a s o n ,  of c o u r s e ,  i s  d e l i b e r a t e .  

R u s s i a  was  a s e r f - r i d d e n  c o u n t r y  w h e n  t he  B o l s h e v i k s  took  o v e r .  I d o n ' t  

know how m a n y  of you h a v e  s t u d i e d  the  h i s t o r y  of R u s s i a .  I r e a d  a book  

o v e r  in the  War  C o l l e g e  on the  H i s t o r y  of R u s s i a  and I found i t  v e r y  i l l u m -  

i na t i ng .  It f i l l e d  in a lo t  of  gaps  in  m y  k n o w l e d g e .  The  r o l e  of s e r f d o m  

in  R u s s i a  is  v e r y  i n t e r e s t i n g .  It i s n ' t  a l l  o n e s i d e d  as  it has  b e e n  ~ a d e  

to  a p p e a r .  A n y w a y  R u s s i a  had a s e r f d o m - r i d d e n  c i v i l i z a t i o n .  We 

s h i p p e d  t h e m  goods .  I bu i l t  m a c h i n e  t o o l s  in W o r l d  War  I b e f o r e  I got  

in to  the  O r d n a n c e  Corps ,  and I r e m e m b e r  the  R u s s i a n  i n s p e c t o r s .  I 

r e m e m b e r  the  m a c h i n e  t o o l s  we s e n t  o v e r  t h e r e .  It was  c o m m o n  k n o w l e d g e  

a m o n g  the  m e c h a n i c s  who bu i l t  t h e s e  t o o l s  tha t  t h o s e  boys  would  w r e c k  

the  m a c h i n e s ,  tha t  t h e y  had no b a c k g r o u n d  in  m e c h a n i c s ,  t ha t  t h e y  w e r e  

go ing  to  be  t a k e n  off the  f a r m s  to  r u n  p r e c i s i o n  s h e l l  l a t h e s ,  and tha t  i t  

was  j u s t  a c r i m e  to s e n d  the  m a c h i n e s  o v e r  to  t he  f a c t o r i e s  t h e r e  and l e t  
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t h e m  m u r d e r  t h e m .  

Th i s  was  e v i d e n t  to  the  B o l s h e v i k s .  Th i s  led  to  the  f o r m u l a t i o n  of 

t h e i r  m o d e r n - d a y  e d u c a t i o n a l  p r o g r a m ,  w h i c h  I am t o l d - - I  d o n ' t  know 

th i s  of  m y  k n o w l e d g e - - s t a r t e d  in 1932. T h e y  c a m e  out and sa id ,  "If  

R u s s i a  is  go ing  to c o n v e r t  i t s e l f  to  a w o r l d  p o w e r ,  it m u s t  f i r s t  do it  by 

e d u c a t i o n .  " F u r t h e r m o r e ,  t h e y  m e a n t  e d u c a t i o n  in the  s c i e n c e s  and  

t e c h n o l o g y .  Th i s  is  why I am not  s h o c k e d  tha t  we have  found s u c h  a h igh  

p e r c e n t a g e  of R u s s i a n s  in t h o s e  a r e a s .  Th i s  was  a deL ibe ra t e  K r e m L i n  

p o l i cy .  H a v i n g  b e c o m e  a K r e m l i n  p o l i c y  and it  b e i n g  a m o n o l i t h i c  g o v -  

e r n m e n t ,  t h i s  b e c a m e ,  of c o u r s e ,  a r e q u i r e m e n t  of  t he  s e c o n d a r y  

s c h o o l  s y s t e m s .  

I d i d n ' t  t e l l  you  about  the  r o l e  of the  t h ing  c a l l e d  the  T e c h n i c u m .  

The  t e c h n i c u r n  is  wha t  you m i g h t  c a l l  a t w o - y e a r  c o l l e g e  in the  Uni ted  

S t a t e s .  T h e s e  boys  and  g i r l s  who go to the  s e c o n d a r y  s y s t e m  and have  

s o m e  a p t i t u d e s ,  have  one o r  two k i n d s - - e i t h e r  a m e n t a l  a p t i t u d e  f o r  m a t h ,  

p h y s i c s ,  c h e m i s t r y ,  and the  l ike ,  o r  a t a c t u a l  a p p l i c a t i o n  of l a b o r a t o r y  

work ,  w o o d w o r k i n g ,  and  m e t a l w o r k i n g .  T h e y  a r e  s e p a r a t e d  by the  e d u -  

c a t i o n  d e p a r t m e n t  in to  two g r o u p s ,  and the  s e c o n d a r y  g roup  wi th  the  

f a c t u a l  c a p a b i l i t y  is  sho t  o v e r  to an  i n s t i t u t i o n  c a l l e d  the  t e c h n i c u m .  

The  t e c h n i c u m  g ives  t h e m  a t w o - y e a r  u n i v e r s i t y  e d u c a t i o n  m o d e l e d  

s p e c i a l l y  to t h e m .  W h e n  t h e y  c o m e  out, t h o s e  f e l l o w s  do the  w o r k  tha t  

we h i r e  f o u r - y e a r  e n g i n e e r s  to  do. 

Th i s  is  a n o t h e r  po in t  tha t ,  g i v e n  t i m e ,  I would  expand  on.  Th i s  was  
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p a r t i c u l a r l y  p r e v a l e n t  in  m y  i n d u s t r y ,  the  a v i a t i o n  i n d u s t r y ,  d u r i n g  the  

w a r .  We did no t  h a v e  w h a t  you  c a l l  t e c h n i c i a n s  w o r k i n g  w i th  e n g i n e e r s  

and do ing  the  s i m p l e r  p h a s e s  of the  w o r k .  We h a d  f o u r - y e a r  g r a d u a t e s  

do ing  t h e m .  We w e r e  a c c u s e d  of h o a r d i n g  e n g i n e e r s .  We did h o a r d  

e n g i n e e r  s .  

Now, in  the  S o v i e t  t h e y  r e c o g n i z e d  in  a d v a n c e  t h a t  t h e r e  was  a lot  

of you th  c o m i n g  out  of t h i s  b a c k g r o u n d  of a s e r f - r i d d e n  c i v i l i z a t i o n  who 

could  r u n  m a c h i n e s ,  b e c o m e  d r a f t s m e n ,  b e c o m e  t e c h n i c i a n s ,  and  w o r k  

fo r  e n g i n e e r s  and do the  w o r k  at  the  d i r e c t i o n  of e n g i n e e r s  t ha t  o t h e r w i s e  

e n g i n e e r s  would h a v e  to  do. So t h e r e  a r e  o v e r  3, 000 of t h e s e  s c h o o l s  

in  R u s s i a .  I b e l i e v e  now t h e r e  a r e  3, 000, 000 p e o p l e  in  the  t e c h n i c u m s .  

T h i s  v a s t  a r r a y  s u p p l e m e n t s  y o u r  f o u r - y e a r  p r o f e s s i o n a l  g r a d u a t e s .  

We h a v e  in  the  S ta t e  of CaLi fo rn ia  m o r e  of t h e s e  s c h o o l s  t h a n  we have  

in  a n y  o t h e r  S t a t e .  T h i s  i s  p r o b a b l y  b e c a u s e  of the  g r e a t  g r o w t h  of a v i a t i o n  

a n d  e l e c t r o n i c s  and the  a r e a  of w e a p o n  s y s t e m s ,  and  the  l ike .  In e l e c t r o n i c s  

you f ind  a w e l l  a c c e p t e d  p o s i t i o n  in  A m e r i c a n  i n d u s t r y  f o r  t e c h n i c i a n s .  You 

f ind a lot  of s c h o o l s  t ha t  w i l l  t r a i n  t h e s e  p r o p l e .  You in the  A r m y ,  Navy,  

and A i r  F o r c e  a l l  h a v e  y o u r  t e c h n i c a l  s c h o o l s  f o r  e l e c t r o n i c s  peop le ,  

and when  t h e y  c o m e  out t h e y  b e c o m e ,  m a n y  of t h e m ,  t e c h n i c i a n s .  

So we h a v e  done in  an  i n d i r e c t  s o r t  of  w a y  wha t  R u s s i a  did in  a d i r e c t  

way ,  but  n o t h i n g  l ike  the  e x t e n t  to  w h i c h  the  R u s s i a n s  have  done i t .  S u p p l e -  

m e n t i n g  t h e i r  f o u r - y e a r  g r a d u a t e s ,  t h e y  have  t h i s  v a s t  a r r a y  of t e c h n i c i a n s  

who a r e  g r a d u a t e s  of the  t e c h n i c u m .  
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One m o r e  po in t  is  tha t ,  if  a young  m a n  who goes  in to  a t e c h n i c u m  

d o e s  o u t s t a n d i n g  work ,  a l o n g  c o m e s  the  M i n i s t r y  of E d u c a t i o n  m a n  

who s a y s  to  h im,  " Ivan  • you h a v e  done  v e r y  w e l l .  You m a y  now be 

r e g i s t e r e d  in a f o u r - y e a r  u n i v e r s i t y  f o r  a d e g r e e .  " And he is  a l l o w e d  

to  m o v e  o v e r  and b e c o m e  a f o u r - y e a r  g r a d u a t e ,  o r  a f i v e - y e a r  g r a d u a t e .  

T h i s  s h o w s  you the  f l e x i b i l i t y  . It is not  n e a r l y  as  r i g i d  as  we l ike  

to  t h i n k  the  R u s s i a n  s y s t e m  i s .  T h e y  a r e  s m a r t  p e o p l e .  B o l s h e v i k s  o r  

not,  t h e y  a r e  s m a r t  p e o p l e .  In d e a l i n g  w i t h  t h e i r  p r o b l e m  of e m e r g i n g  

f r o m  a s e r f  l e v e l  of e c o n o m y  to  a h i g h l y  s o p h i s t i c a t e d  m e c h a n i c a l ,  t e c h -  

n i c a l  c i v i l i z a t i o n ,  t h e y  h a v e  sa id•  " E d u c a t i o n ,  " and  t h e y  have  p r o v i d e d  i t .  

We have  done  it  the  o t h e r  way, by a f r e e  c h o i c e .  Then  We wen t  o v e r l y  

l i b e r a l .  We got  so  p r e o c c u p i e d  wi th  c o u r s e s  in h igh  s c h o o l s  on how to  

d r i v e  an  a u t o m o b i l e •  how to  p l e a t  a s k i r t ,  and how to p r e p a r e  fo r  m a r r i a g e .  

T h e s e  u s e d  to  be  t h i n g s  fo r  the  p a r e n t s .  We took  t h e m  o v e r  in to  the  s c h o o l  

s y s t e m .  R e m e m b e r  now, the  A m e r i c a n  m o t h e r  who i s  w o r k i n g  is  not  h o m e .  

So t h e r e  b e c a m e  a p r e s s u r e  to  do t h e s e  t h i n g s  in  t he  s c h o o l  s y s t e m  tha t  

a r e  not  r e a l l y  e d u c a t i o n .  T h e y  a r e  the  s i m p l e s t  f o r m s  of t r a d e - s c h o o l  

work. 

You see how broad your question really is. 

question. It is one for the whole Nation to decide. 

it must be informed. 

• QUESTION: In looking at your shotgun chart, 
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B e f o r e  i t  d e c i d e s  

I am somewhat confused. 



You s t a t e d  tha t  you t h i n k  t h e r e  i s  a d i r e c t  r e l a t i o n s h i p  b e t w e e n  p o w e r  

g e n e r a t i o n  and the  n a t i o n a l  s t r e n g t h  of the  Nat ion,  a n d  yet ,  in l ook ing  

at tha t  c h a r t ,  we  f ind  tha t  Red  China  is  down wi th  l:~n-tugal and Spain,  

and  R u s s i a  is  not  in  m u c h  b e t t e r  a p o s i t i o n  t h a n  A u s t r i a  and  S w i t z e r l a n d ,  

and c o u n t r i e s  l ike  t h o s e .  

in the  w o r l d .  

MR. WARD: 

un i t  popu la t i on .  

C e r t a i n l y  R u s s i a  has  m a r v e l o u s  p r o p a g a n d a  

Tha t  c h a r t  s h o w s  on ly  the  g r o s s  n a t i o n a l  p r o d u c t  p e r  

You have  to  m u l t i p l y  a l l  t h e s e  by popu la t i on .  You t ake  

China  w h i c h  is  a w a y  down.  R e m e m b e r  s h e  has  650 m i l l i o n  un i t s ,  w h e r e a s  

S w i t z e r l a n d  has  on ly  a coup le  m i l l i o n  u n i t s .  If you want  to  d r a w  an  

o v e r a l l  c h a r t  a s  to  the  t o t a l  s t r e n g t h  of  t h o s e  c o u n t r i e s  i t  w i l l  be  t o t a l l y  

d i f f e r e n t .  I am  m e r e l y  s h o w i n g  you an i n d e x  t h e r e  to  r e l a t e  u s e  of  p o w e r  

wi th  p r o d u c t i o n  of goods  and  s e r v i c e s .  To c o n v e r t  tha t  in to  a c o u n t y ' s  

p r o d u c t  y o u ' v e  got to  t a k e  the  who le  r e s o u r c e s  of the  c o u n t r y .  

Th i s  you wi l l  do I am s u r e  a l i t t l e  l a t e r  on in t h i s  c u r r i c u l u m  and 

w h e n  you w r i t e  y o u r  f i na l  p a p e r s  th i s  is  what  y o u r  t e a m s  w i l l  he  e x a m i n -  

ing  in d e t a i l .  I t  w i l l  be  v e r y  i n t e r e s t i n g  to  you  to  ge t  a w h o l e  s e r i e s  of 

s h o w s ,  s u c h  as  not a l l  of us  can ,  in  l o o k i n g  u n d e r n e a t h  s o m e  of t h e s e  

c o u n t r i e s .  I am  s u r e  tha t  the  t e a m s  tha t  wen t  to  A f r i c a  and l o o k e d  a t  

the  s t a t e  of A f r i c a n  c i v i l i z a t i o n s  found tha t  i t  i s  not  a l l  t r i b a l  d a n c e s .  

QUESTION:  Do you f e e l  tha t  in  o r d e r  to m e e t  the  c h a l l e n g e  of 

R u s s i a n  t e c h n o l o g i c a l  p r o g r e s s  the  Uni ted  S t a t e s  m u s t  h a v e  a m o r e  

c e n t r a l i z e d  c o n t r o l  and  c o r r e l a t i o n  of r e s e a r c h  and d e v e l o p m e n t  e f fo r t  
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i n  bo th  i n d u s t r y  and  g o v e r n m e n t ,  w i th  g o v e r n m e n t - d i r e c t e d  i n c e n t i v e  ? 

Or  c a n  we  r e l y  on the  c u r r e n t  s y s t e m  of e s s e n t i a l l y  f r e e  e n t e r p r i s e  ? 

MR. WARD: T h i s  i s  go ing  to  be  qu i t e  a c l a s s .  When  you  ba t  up 

q u e s t i o n s  l i ke  t ha t  you  a r e  b a t t i n g  up  q u e s t i o n s  tha t  have  p e r p l e x e d  a l l  

the  w i s e  h e a d s .  L e t  rne s a y  tha t  t h e r e  a r e  two  s c h o o l s  of t h o u g h t .  One 

of t h e m  s a y s  tha t  the  f r e e  c h o i c e  of i n d i v i d u a l s  in  a f r e e  e c o n o m y  is m o r e  

e f f i c i e n t  t h a n  the  s p e c i a l i z e d  p l a n n i n g  c h o i c e  of a f ew  i n d i v i d u a l s  in a 

r e g u l a t e d  e c o n o m y .  You c a n  b e l i e v e  one  o r  the  o t h e r .  I a m  not  g o i n g  

to m a k e  a n y  c o n v e r t s  h e r e  t o d a y .  One is  the  s o c i a l i s t i c  p h i l o s o p h y  and 

the  o t h e r  is  the  n o n - s o c i a l i s t i c  p h i l o s o p h y .  I do, h o w e v e r ,  wan t  you  to 

d w e l l  on K h r u s h c h e v ,  who po in t s  out  tha t ,  w h e r e a s  t h e y  s t a r t e d  f r o m  

the  l a t t e r  c o n c e p t ,  t ha t  you  c a n  do e v e r y t h i n g  by  a f ew i n t e l l i g e n t  i n d i -  

v i d u a l s  p l ann ing ,  t h e y  a r e  g e t t i n g  a w a y  f r o m  it m o r e  and  m o r e  and  

u s i n g  i n c e n t i v e s .  

A c e r t a i n  R u s s i a n  m i n e r  n a m e d  S ta f f inav  b r o k e  t h e  m i n i n g  t r a d i t i o n  

w h e n  he v o l u n t a r i l y  p r o d u c e d  m o r e  p r o d u c t  t h a n  a n y b o d y  e l s e .  In t h i s  

c o u n t r y  t he  l a b o r  u n i o n  would  h a v e  t h r o t t l e d  h i m .  He wou ld  have  gone  

h o m e  the  m o s t  b r u i s e d  f e l l o w  you e v e r  s a w  tha t  n igh t .  In R u s s i a  he  

w a s  m a d e  t h e  n a t i o n a l  h e r o ,  w a s  g i v e n  the  L e n i n  p r i c e ,  and  t h e r e  a r o s e  

a w h o l e  p r o g r a m  c a l l e d  the  S t a f f i nov  P r o g r a m ,  w h i c h  w a s  i n c e n t i v e , - -  

m i n d e d .  Th i s  is  the  v e r y  t h i n g  o u r  c o u n t r y  g r e w  g r e a t  on, w h i c h  we a r e  

a b a n d o n i n g  f o r  r e s t r i c t i v e  l a b o r  u n i o n  p r a c t i c e s - - o n l y  a c e r t a i n  a m o u n t  

f o r  a c e r t a i n  m a n .  You h a v e  d i f f e r e n c e s  b e t w e e n  p e o p l e  who  a r e  a l l  e q u a l .  
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You a r e  r e a c h i n g  to  t he  v e r y  c o r e  of one  of the  t o u g h e s t  p r o b l e m s  

th i s  C o l l e g e  wi l l  have  to  c o n s i d e r .  Y o u ' l l  h e a r  a l a b o r  m a n  on th i s  

p l a t f o r m  and y o u ' l l  be  won  o v e r  to  the  i dea  tha t  w e ' r e  a l l  equa l  and w e ' v e  

got to be t r e a t e d  equa l .  But i f  you  h e a r  p e o p l e  l i ke  m e  t h e y ' l l  t e l l  you  no; 

you g ive  up y o u r  b i r t h r i g h t .  Not e v e n  R u s s i a  c an  a f fo rd  tha t  s o l u t i o n .  

So I s a y  tha t  the  c o l l e c t i v e  i n t e l l i g e n c e  of you  a l l  as  i n d i v i d u a l s ,  

r e s p o n d i n g  to  good  i n f o r m a t i o n ,  is  a f a r  b e t t e r  f u t u r e  f o r  any  c o u n t r y  

t h a n  a few e l e c t e d  o r  h i r e d  i n d i v i d u a l s  who  a r e  b u r e a u c r a t s  s i t t i n g  in a 

t igh t  r o o m  d e c i d i n g  on what  t h i s  whole  Na t ion  s h o u l d  do. 

I s a i d  s o m e t h i n g  tha t  o u g h t  to  be  a c lue .  T h e s e  a r e  e c o n o m i c  q u e s -  

t i ons  tha t  you  a r e  d e v o t i n g  y o u r s e l v e s  to.  I po in t ed  out t ha t  if you la id  

a l l  t he  e c o n o m i s t s  end  to end t h e y  would  r e a c h  no c o n c l u s i o n s .  G e n t l e m e n ~  

th i s  is  t r u e .  If you t a l k  wi th  G a l b r a i t h  of  H a r v a r d  you w i l l  c o m e  out a 

s o c i a l i s t .  But,  on the  o t h e r  hand,  ff you t a lk  wi th  G e o r g e  B u r n s  o r  wi th  

S a u l n i e r ,  the  Chief  of  the  P r e s i d e n t ' s  e c o n o m i c  a d v i s e r s ,  you w i l l  c o m e  
c o l l e c t i v e  

out on the  f r e e  i n d u s t r y  s i d e ,  the  f r e e / o p i n i o n  s i d e .  

Now, y o u ' l l  have  to  s t a t e  w h e r e  you be long ,  b e c a u s e  e m o t i o n  e n t e r s  

in to  t h i s  t h ing .  T h e r e  a r e  so  m a n y  p e o p l e  who e t e r m a l l y  want  to do good, 

t h e y  want  to th ink  of p e o p l e  as  d o i n g  good,  and  t h e y  a r e  a b s o l u t e l y  s l a v e s  

of the  i d e a  tha t  b e c a u s e  th i s  is  t he  r i g h t  i d e a l  in  C h r i s t i a n i t ~  in  r e l i g i o n ,  

and in e t h i c s ,  a l l  you have  to  do is  to t h r o w  th i s  c h a l l e n g e  out and h u m a n i t y  

w i l l  r e s p o n d .  It won ' t .  It n e v e r  h a s .  Th i s  has  b e e n  t r i e d  in the  e a r l i e s t  

r e c o r d e d  c i v i l i z a t i o n s .  
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I ' l l  be t  e v e r y  m a n  in  t h i s  r o o m  at  s o m e  t i m e  o r  o t h e r  has  h e a r d  

the  f a m o u s  quo ta t i on :  "Aw h e c k ,  you  c a n ' t  c h a n g e  tha t .  T h a t ' s  l ike  

the  l aw of the  M e d e s  and the  P e r s i a n s .  " How m a n y  of you  k n o w  wha t  

t ha t  m e a n s  ? How m a n y  of you  know wha t  the  l aw  of the  M e d e s  and  P e r -  

s i a n s  w a s  ? Wel l .  h e r e ' s  wha t  t he  l aw of the  M e d e s  and P e r s i a n s  w a s .  

a s  h i s t o r y  t e l l s  u s - - a n d  of c o u r s e  I h a v e  q u e s t i o n e d  the  a u t h e n t i c i t y  of 

h i s t o r y  m o r e  t han  o n c e :  T h e  M e d e s  and the  P e r s i a n s  s a w  a wide  d i f f e r -  

e n c e  b e t w e e n  p e o p l e  wi th  and  p e o p l e  wi thou t  in  t h e i r  c i v i l i z a t i o n ,  and  s o  

t h e y  s a i d .  "We a r e  g o i n g  to  h a v e  an  end to  t h e s e  p r o f i t e e r s ,  t h e s e  m o n e y  

c h a n g e r s .  " Tha t  was  the  n a m e  f o r  W a l l  S t r e e t  b a c k  in  t h o s e  d a y s .  

"So we w i l l  h a v e  a c o d e  of l aw and  th i s  l aw w i l l  c o m e  f r o m  a l l  the  h i s t o r y  

of the  M e d e s  and  the  P e r s i a n s .  " It s e t  f o r t h  t he  p r i c e  of a s c r i b e  w r i t i n g  

a l e t t e r .  E v e r y b o d y  cou ld  w r i t e  in t h o s e  d a y s .  T h e y  had to  do it  w i th  

a c h i s e l  a n d  a b l o c k  of c l a y .  S e c o n d ,  it  s e t  f o r t h  t h e  p r i c e  of a h a i r c u t .  

T h i r d ,  i t  s e t  f o r t h  t he  p r i c e  of a m e a s u r e  of w h e a t .  It w a s  a n e w  d e a l .  

It w a s n ' t  new,  b e c a u s e  b e f o r e  t h e y  w r o t e  t h ings  t h e y  had n e w  d e a l s ,  

bu t  it  was  the  f i r s t  n e w  d e a l  t ha t  ha s  c o m e  down  to us  c l e a r l y  d o c u m e n t e d .  

It f a i l e d .  It a b s o l u t e l y  f a i l e d ,  j u s t  a s  o u r  New D e a l  f a i l e d .  No, 

g e n t l e m e n .  You m a y  say ,  "I  b e l i e v e  t o d a y  t ha t  the  f a i l u r e  of  h i s t o r y  

i n a t t e m p t s  to  p l an  w h o l e  e c o n o m i e s  by a f ew  i n t e l l i g e n t  p e o p l e  p l a n n i n g  

the  fa te  of e v e r y b o d y ,  d e t e r m i n i n g  p r i c e s ,  and  O P A ' s  and the  l ike ,  m i g h t  

do in t i m e s  of  w a r ,  w h e n  w e ' v e  got to  t h r o w  s e v e r e  r e s t r i c t i o n s  a r o u n d  

60  



f r e e  e x e r c i s e  of w i l l .  " But ,  g e n t l e m e n ,  in  t i m e s  of p e a c e  and in t he  

b u i l d i n g  up of n a t i o n s  i t  has  n e v e r  p r o d u c e d  a t o p - g r a d e  n a t i o n .  

In t he  i n d u s t r i a l  r e v o l u t i o n  in E n g l a n d  t h e y  a t t e m p t e d  to  do t h i s  

in  i n d u s t r y ,  and it  w a s  one of the  c l a s s i c  f a i l u r e s  of a l l  t i m e .  So th i s  

c a n  be go ing  on. 

A h i s t o r i a n  s h o u l d  be  t a l k i n g  to you,  not  a b l o o m i n g  e n g i n e e r ,  

and p r e s e n t i n g  t h i s  i s s u e ,  p r o v i d e d  he is  not  t a i n t e d  w i t h  too  s t r o n g  a 

f e e l i n g  on the  o t h e r ,  w h i c h  I am a f r a i d  he is l i k e l y  to be .  But  you  ought  

to h e a r  the  two  s i d e s  of t h i s  p r o b l e m .  T h a t ' s  a v e r y  p o t e n t  p r o j e c t .  

My a n s w e r  i s ,  I hope  I n e v e r  w i l l  s e e  the  t i m e  w h e r e  the  f a t e  of us ,  

we A m e r i c a n s ,  i s  p l a n n e d  r i g h t  h e r e .  I t h i n k  o u r  c o l l e c t i v e  i n d i v i d u a l  

b r a i n s  a r e  the  b e s t  gu ide  f o r  o u r  f u t u r e .  

L o r d  B r y c e  a r r i v e d  in  the  Un i t ed  S t a t e s  p r e j u d i c e d  a g a i n s t  o u r  

f o r m  of g o v e r n m e n t .  He  w a s  an  A m b a s s a d o r  f o r  a l ong  p e r i o d  of t i m e .  

He w r o t e  a book  w h i c h  i s  f a m o u s ,  in  w h i c h  he  s a i d ,  " T h i s  A m e r i c a n  

s y s t e m  of g o v e r n m e n t  s h o u l d  no t  w o r k ,  b e c a u s e  e v e r y o n e  has  a v o t e .  " 

E n g l a n d  in h i s  age  w a s  r u l e d  by  m e n  who w e r e  p r o d u c t s  o~ OxfOTd and  

C a m b r i d g e ,  

e d u c a t i o n .  

had  a vo t e .  

voters. " 

c a r e f u l l y  s e l e c t e d  f r o m  the  b e s t  f a m i l i e ~  a n d  w t t h t h e  b e s t  

T h e s e  w e r e  g e n t l e m e n .  He a r r i v e d  o v e r  h e r e  and e v e r y b o d y  

He sa id ,  "No g o v e r n m e n t  c a n  e x i s t  w i th  s u c h  u n i n t e l l i g e n t  

A f t e r  he  had  b e e n  A m b a s s a d o r  h e r e  f o r  a w h i l e ,  he w r o t e :  
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