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Mr:  Jo.hn Ca r l t on  Ward ,  J r . ,  P r e s i d e n t ,  V i t ro  C o r p o r a t i o n  of 
A m e r i c a  was born  in Brook lyn ,  New York,  21 J a n u a r y  1893. He 
a t tended Corne l l  U n i v e r s i t y ,  r e c e i v i n g  the M° E. d e g r e e  in 1914. He 
was appointed to the pos i t ion  of deve lopment  eng inee r  , I n t e r n a t i o n a l  
P a p e r  Company,  1914; b e c a m e  a s s i s t a n t  to the works  m a n a g e r ,  N i l e s  
Tool Works  Divis ion ,  N i l e s - B e m e n t - P o n d  Company  in 1915. In 1918 
he was appointed produc t ion  eng inee r ,  Uni ted Sta tes  Ordnance  Depa r t -  
ment ,  W a t e r v l i e t  A r s e n a l .  In 1919 Mr.  Ward b e c a m e  works  m a n a g e r ,  
P r a t t  and Whi tney  Div is ion ,  N i l e s - B e m e n t - P o n d  Company.  In 1926 he 
was appointed v ice  p r e s i d e n t  and g e n e r a l  m a n a g e r  of the H a r t f o r d  
Machine  Screw Company.  Dur ing  the per iod  1929-1934, he was gen-  
e r a l  works  m a n a g e r  of the G e n e r a l  Cable  Corpora t ion ;  was named  v ice  
p r e s i d e n t  of the Rome Company,  I nc . ,  in 1934; s e r v e d  as  v ice  p r e s i d e n t ,  
g e n e r a l  m a n a g e r ,  and d i r e c t o r  of the  P r a t t  and Whi tney A i r c r a f t  Divi -  
s ion,  Uni ted A i r c r a f t  Co rpo ra t i on  f r o m  1935 to 1940; b e c a m e  p r e s i d e n t  
of the F a i r c h i l d  Engine  and A i rp l ane  Corpora t ion ,  1940; and in the 
pe r iod  1948-1949 s e r v e d  as  c h a i r m a n  of the boa rd  of tha t  co rpo ra t i on .  
He is a d i r e c t o r  of the Holyoke Wire  and Cable  C o r p o r a t i o n  a n d t h e  
F i b e r  Can M a c h i n e r y  Deve lopment  Corpora t ion .  I n  1942 he was ap-  
pointed m e m b e r  of the War  P roduc t i on  Board  Mis s ion  to Grea t  B r i t a i n ,  
and is  a m e m b e r  of the E n g i n e e r i n g  Counci l ,  Co rne l l  U n i v e r s i t y ,  the 
Newcomen  Society,  the Socie ty  of Automot ive  E n g i n e e r s ,  the A m e r i c a n  
Ordnance  Assoc ia t ion ,  and the Ins t i tu te  of Ae ronau t i ca I  Sc iences .  M,'. 
Ward  has  w r i t t e n  m a n y  p a p e r s  and a r t i c l e s  on t echn ica l  e n g i n e e r i n g  sub-  
j e c t s .  He is  a m e m b e r  of the Board  of A d v i s e r s  of the I n d u s t r i a l  Col-  
lege  o f  the A r m e d  F o r c e s .  
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G E N E R A L  HOLLIS: A d m i r a l  W o o l d r i d g e ,  D i s t i n g u i s h e d  G u e s t s ,  
G e n t l e m e n :  This  m o r n i n g  m a r k s  the  t en th  a p p e a r a n c e  on th i s  p l a t f o r m  
of one  of the  old f r i e n d s  of the  I n d u s t r i a l  C o l l e g e ,  Mr .  J.  C a r l t o n  
Ward ,  J r .  He  m a d e  h is  f i r s t  t a lk  h e r e  in  1946 when  I was  a s t u d e n t ,  
and  I s t i l l  r e m e m b e r  that  d y n a m i c  l e c t u r e  with m u c h  p l e a s u r e .  

He i s ,  as  you h a v e  s e e n  f r o m  h i s  b iog raphy ,  a m a n  of m u c h  v e r s a -  
t i l i t y  and  m a n y  t a l e n t s ,  and in h is  day  he  has  b e e n  an o f f i c e r  o r  d i r e c t o r  
of a l a r g e  n u m b e r  o f  c o r p o r a t i o n s .  He is  an  e n g i n e e r  a n d  an  a u t h o r  of 
no te .  He has  b e e n  a publ ic  s e r v a n t  and  has  s e r v e d  the  F e d e r a l  G o v e r n -  
m e n t  in m a n y  c a p a c i t i e s  on c o m m i s s i o n s  and  b o a r d s .  

In a d d i t i o n  to that ,  he  has  one o t h e r  a c h i e v e m e n t  of which  he  is  
v e r y  p roud ,  wh ich  would p r o b a b l y  l e a v e  Capta in  R o s s  o r  Cap ta in  K e a t s  
o r  m y s e l f  cold .  As  a m e m b e r  of t he  B o a r d  of T r u s t e e s  of C o r n e l l  
U n i v e r s i t y ,  he  s u c c e e d e d ,  in the  c o u r s e  of the  e r e c t i o n  of a new d o r m i -  
t o r y  fo r  s t u d e n t s ,  in  a s s u r i n g  tha t  a l l  the  bunks  w e r e  m a d e  s e v e n  f e e t  
long.  

It i s  a p r i v i l e g e  fo r  m e  to be  ab le  to p r e s e n t  to the  C l a s s  of 1956, 
Mr .  J .  C a r l t o n  Ward ,  J r .  

MR. WARD: Wel l ,  I have  e n j o y e d  m y  l a s t  a p p l a u s e .  I ' l l  exp l a in  
that  r e m a r k  l a t e r  on today.  As a m a t t e r  of fac t  I w r o t e  th i s  l e c t u r e  
th i s  m o r n i n g  and  I a m  fo l lowing  the  s c o p e  tha t  has  b e e n  a s s i g n e d ,  and  
which  I a m  going  to  r e a d  to you.  You g e n t l e m e n  have  y o u r  own p r o b -  
l e m s  to s o l v e ,  so  I thought  you m i g h t  be  i n t e r e s t e d  in  the  one we h a v e  
to s o l v e  th i s  m o r n i n g  f r o m  th i s  p l a t f o r m :  

" S c i e n c e  a n d  Na t iona l  P o w e r .  The  p o t e n t i a l i t y  of r e s e a r c h  as  
shown  by such  a c c o m p l i s h m e n t s  as  the  c r e a t i o n  of a t o m i c  e n e r g y ;  
the  g e n e r a l  e f f ec t s  of s c i e n t i f i c  d e v e l o p m e n t  o n  e n g i n e e r i n g  and  
i ndus t ry ;  the  e f f ec t s  of s c i e n c e  on the  conduc t  of war ;  and the  
m a i n t e n a n c e  of the  r e l a t i v e  t e c h n o l o g i c a l  s t r e n g t h  of the  Un i t ed  
S t a t e s . "  



P r o b a b l y  you wi l l  not  get  out of h e r e  on t i m e .  As  m i l i t a r y  m e n  
you a r e  p r e p a r e d  to  t ake  it,  I know,  and on tha t  a s s u m p t i o n ,  we a r e  
going  to t ake  an i m a g i n a t i o n - s t r e t c h i n g  e x e r c i s e  h e r e  th i s  m o r n i n g .  

We have  s o m e t h i n g  on the  o r d e r  of 20 c h a r t s  o r  s l i d e s  h e r e  and,  
ff the  old C h i n e s e  p r o v e r b  wi th  which  you a r e  a l l  f a m i l i a r  is  t r u e ,  
m e a n i n g  that  one p i c t u r e  is  w o r t h  10, 000 w o r d s ,  you a r e  in f o r  a t  l e a s t  
200, 000 w o r d s ,  p lus .  T h e s e  c h a r t s  have  b e e n  p r e p a r e d  in  p a r t  by t h e  
f acu l ty  h e r e ,  and  in  p a r t  by o t h e r  s o u r c e s ,  which  I wi l l  t r y  to i n d i c a t e  
to yo u as  you s e e  , them.  

I s h a l l  m a k e  one m o r e  r e m a r k  and  t h e n  p lunge  in to  th i s  p r o b l e m .  
Some  few y e a r s  ago  the  t r a d e  a s s o c i a t i o n  of the  f e r t i l i z e r  m a n u f a c t u r e r s  
w e r e  hav ing  an  a n n u a l  m e e t i n g .  T h e y  had  d e c i d e d  p r i o r  to tha t  m e e t i n g  
tha t  t hey  would f o r e g o  the  u sua l  c u s t o m  of h a v i n g  a s o - c a l l e d  " n a m e "  
s p e a k e r .  S o m e t i m e s  the  boys ,  as  a r e s u l t  of the  p r e p a r a t o r y  e x e r c i s e s  
b e f o r e  the  d i n n e r ,  w e r e  in  no p o s i t i o n  to a p p r e c i a t e  s o m e  of the  s p e a k -  
e r s  tha t  c a m e  b e f o r e  t h e m .  So they  sa id ,  " L e t ' s  t r y  one of ou r  own 
e x e c u t i v e s . "  They  s e l e c t e d  a v i c e  p r e s i d e n t  of one of t he  l e a d i n g  f e r t i -  
l i z e r  c o m p a n i e s .  He was  duly  i n t r o d u c e d  a f t e r  the  d i n n e r  had  b e e n  con -  
s u m e d ,  but  not  d i g e s t e d ,  and  the  s e c r e t a r y  of the  a s s o c i a t i o n  i n t r o -  
d u c e d  h i m  in  th is  fash ion:  "Wel l ,  boys ,  th i s  y e a r  we have  a new  a p -  
p r o a c h  to ou r  c o n v e n t i o n  and our  s p e a k e r  is  one of our  own e x e c u t i v e s .  
He n e e d s  no i n t r o d u c t i o n  to th is  g roup .  He is  go ing  to s p e a k  on the  s u b -  
j e c t  of h u m u s  f e r t i l i z e r .  B e l i e v e  m e ,  g e n t l e m e n ,  he  is  ful l  of h i s  s u b -  
j e c t . "  

So l e t ' s  s t a r t  r i g h t  in and fo l low the  s c o p e  of ou r  l e c t u r e .  With  no  
m o r e  i n t r o d u c t i o n ,  we wi l l  h a v e  the  c h a r t s .  

C h a r t  1, page  3 . - - G e n t l e m e n ,  t h e r e  is  a c o m p l e t e  l e c t u r e  in  th i s  
one s l i d e - - a n  i n n o c e n t  l ook ing  wiggly  l i ne .  Th i s  c h a r t  canno t  go b a c k  
b e f o r e  the  b i r t h  of r e s e a r c h  in  A m e r i c a ,  which  was in the  y e a r  1903. 
You m e n  f o r m  a v e r y  d i s t i n g u i s h e d  c l a s s  and  I u n d e r s t a n d  tha t  you h a v e  
m a n y  e x p e r t s  in the  f i e ld  of r e s e a r c h  and  d e v e l o p m e n t .  I would  a s k  
t h o s e  who a r e  f a m i l i a r  with s o m e  of t h e s e  f ac t s ,  to b e a r  wi th  m e ,  b e -  
c a u s e  I th ink  tha t  e v e r y  c i t i z e n  of the Un i t ed  S ta tes  who is i n t e r e s t e d  in  
our  f u t u r e  s e c u r i t y  s h o u l d  p e r h a p s  u n d e r s t a n d  the  a m a z i n g  i m p l i c a t i o n s  
of th i s  l i t t l e  b l a c k  l ine .  

It was  in  1903 that  the  G e n e r a l  E l e c t r i c  C o m p a n y  o r g a n i z e d  the  
f i r s t  r e s e a r c h  l a b o r a t o r y  in m o d e r n  s c i e n c e  in  the  U n i t e d  S ta t e s .  I was  
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to ld  that  it c o n s i s t e d  of t h r e e  s c i e n t i s t s .  Up to tha t  t i m e  we had  l i v e d  
in an  a g e  of i nven t i on .  We wi l l  not  p a u s e  to  d e f i n e  h e r e  the  d i f f e r e n c e  
b e t w e e n  i n v e n t i o n  and r e s e a r c h ;  but  t hey  a r e  qu i t e  d i f f e r e n t  p r o c e s s e s ,  
e v e n  though at  t i m e s  they  l e a d  to s o m e w h a t  s i m i l a r  r e s u l t s .  T h o m a s  
A. E d i s o n ,  as you a l l  r e c o g n i z e ,  was  p r o b a b l y  t he  g r e a t e s t  e x a m p l e  
of the  i n v e n t o r .  

I f  th i s  c ~ r v e  w e r e  to go back  to 1903 i t  would have  p r a c t i c a l l y  no  
s i g n i f i c a n c e  on th i s  s c a l e ,  but i t  would  h a v e  r e a l  s i g n i f i c a n c e  if  we had  
the  t i m e  to t r a c e  it back  on a d i f f e r e n t  s c a l e .  R e s e a r c h  in  the  U n i t e d  
S ta tes  was  c o n s i d e r e d  to be  at  tha t  t i m e  a v e r y  m i n o r  pa r t  of the  e c o n -  
o m y  of the  coun t ry ,  and  i n d e e d  it  was unt i l  we hi t  the  i m p a c t  of W o r l d  
War  I. 

At tha t  poin t  A m e r i c a  s u d d e n l y  found i t s e l f  d e v o i d  of m a n y  of t he  
e s s e n t i a l s  of  i t s  e c o n o m y .  Many n e c e s s a r y  i m p o r t s  had c o m e  f r o m  
G e r m a n y ,  which,  d e s p i t e  b e i n g  a na t ion  of p o o r  n a t u r a l  r e s o u r c e s  and  
l i m i t e d  manpower~  had  b e c o m e  one o f  t he  g r e a t  p o w e r s  of the  w o r l d ,  
wi thout  c o l o n i e s  such  as  the  B r i t i s h ,  Dutch,  and  F r e n c h  e m p i r e s  p o s -  
s e s s e d .  The  G e r m a n s  had  done  it  s o l e l y  on the  r e c o g n i t i o n  of what  we 
and  m a n y  o t h e r  na t i ons  had f a i l e d  to s e e ,  the  s i g n i f i c a n c e  of the  r o l e  of 
r e s e a r c h .  

Out of t h e i r  r e s e a r c h  t h e y  bui l t  the  g r e a t  s y n t h e t i c  c h e m i c a l  i n d u s -  
t r y  wh ich  a l l o w e d  t h e m  to o v e r c o m e  s u c h  B r i t i s h  m o n o p o l i e s  a s  the  
p r o d u c t i o n  of i nd igo  and  s u c h  as  the  J a p a n e s e  m o n o p o l y  in  c a m p h o r .  
T h e y  s u c c e s s f u l l y  s o l v e d  s u c h  p r o b l e m s  by u s ing  v e r y  s i m p l e  r a w  m a t e -  
r i a l s  and  by a d o p t i n g - - t h i s  is  the  point ,  g e n t l e m e n - - b y  e x p l o i t i n g  s y n -  
t h e t i c  c h e m i c a l  p r o c e s s e s  r e s u l t i n g  f r o m  the  s c i e n t i f i c  d i s c o v e r i e s  
m a d e  l a r g e l y  in  t h e  p u r e  s c i e n c e  a t m o s p h e r e  of F r e n c h  and  B r i t i s h  
r e s  e a r c h  l a b o r a t o r i e s .  

Th is  in  i t s e l f  was  a r e v e a l i n g  d i s c e r n m e n t  of how a n a t i o n  of " d o e r s "  
took i d e a s ,  h a r n e s s e d  t h e m ,  and with v e r y  p o o r  n a t u r a l  r e s o u r c e s  e c o -  
n o m i c a l l y  b e c a m e  s t r o n g  enough to be a t h r e a t  to w o r l d  p e a c e .  

The  l a c k  of t h e s e  p r o d u c t s  which  we had  b e e n  i m p o r t i n g  f r o m  
G e r m a n y  c a u s e d  by the  e m b a r g o e s  of W o r l d  W a r  I b r o u g h t  h o m e  to  
A m e r i c a  the  n e e d  fo r  s i m i l a r  new p r o d u c t s  and  p r o c e s s e s  and  r e s u l t e d  
in  a s h a r p  i n c r e a s e  in the  func t ion  of o r g a n i z e d  r e s e a r c h  and  d e v e l o p -  
m e n t .  If c h a r t  1 w e r e  t r a c e d  back  to 1903 on a d i f f e r e n t  s c a l e ,  i t  would  
show th i s  e f f e c t  qu i te  c l e a r l y .  

4 



Now, h o w e v e r ,  b e t w e e n  W o r l d  W a r  I and  Wor ld  War  II, r e s e a r c h  
and  d e v e l o p m e n t  r e m a i n e d  a r e l a t i v e l y  m i n o r  func t ion  in t e r m s  of ou r  
to ta l  e f fo r t  in the  A m e r i c a n  e c o n o m y .  And now l e t ' s  look  at W o r l d  War  
H. At tha t  poin t  on the  c h a r t ,  you s e e  aga in  the  r e c o g n i t i o n  and  r e s p o n s e  
u n d e r  c o n d i t i o n s  of s t r e s s  when  we went  to w o r k  to s t i m u l a t e  our  r e -  
s e a r c h  c a p a b i l i t i e s .  

I hope  you wi l l  n o t i c e  that  a f t e r  the  c o n c l u s i o n  of Wor ld  W a r  II 
r e s e a r c h  a c t i v i t y  did not  i m m e d i a t e l y  r e c e d e .  We can  n o t i c e  tha t  b e -  
f o r e  K o r e a  it a g a i n  b e g a n  to l e v e l  off. In the  i m p a c t  of the  K o r e a n  
i n c i d e n t  our  c u r v e  took off l ike  a m o d e r n  d r e a m  of an i n t e r c o n t i n e n t a l  
b a l l i s t i c  m i s s i l e ,  and  we a r e  s t i l l  go ing  in to  the  s t r a t o s p h e r e .  We a r e  
on a 4 to  5 b i l l i on  d o l l a r  b a s i s  today.  And r e m e m b e r ,  a d o l l a r  fo r  r e -  
s e a r c h  i n c l u d e s  a m i n i m u m  of m a t e r i a l ,  a m i n i m u m  of prof i t ;  and  
t h e r e f o r e ,  as a p e r c e n t a g e  of n a t i o n a l  e f fo r t  e x p r e s s e d  in s u c h  a c u r v e ,  
it is  s o m e w h a t  un ique .  It i s  unique  in two d i r e c t i o n s ,  in th~ c h a r a c t e r  
of the  peop l e  who p e r f o r m  the  func t ion ,  and in the  p r o f o u n d  and l a s t i n g  
i m p o r t a n c e  of i t s  c o n t r i b u t i o n .  

C h a r t  2, page  6 . - - T h e  c u r v e  in c h a r t  2 is to show you qu ick ly  the  
r e l a t i o n  of g o v e r n m e n t a l  funds fo r  r e s e a r c h  v e r s u s  the  i n d u s t r i a l l y  
a p p r o p r i a t e d  funds .  

If you wi l l  no t i ce ,  p r i o r  to W o r l d  War  H, e v e n  wi th  the  e f f o r t s  of 
the  D e p a r t m e n t  of A g r i c u l t u r e ,  the  B u r e a u  of S t a n d a r d s ,  the  N a t i o n a l  
A d v i s o r y  C o m m i t t e e  fo r  A e r o n a u t i c s ,  and  the  g r e a t  g o v e r n m e n t a l  
l a b o r a t o r i e s ,  the  to t a l  fo r  G o v e r n m e n t  r e s e a r c h  was low c o m p a r e d  
with tha t  fo r  i n d u s t r i a l  r e s e a r c h .  

You wi l l  n o t i c e  the  i m p a c t  of war .  Both  r e s p o n d e d .  You wi l l  n o t i c e  
the  to ta l  fo r  g o v e r n m e n t  r e s e a r c h  fo r  the  f i r s t  t i m e  c r o s s i n g  the  l ine  of 
i n d u s t r i a l  r e s e a r c h  e f for t ,  and  you s e e  it took off at  an  i n c r e a s i n g  r a t e ,  
unt i l  " b r i n g  the  boys  h o m e  fo r  C h r i s t m a s "  hi t  a p p r o p r i a t i o n s  by G o v e r n -  
m e n t ,  and then  t h e r e  b e g a n  an  i m m e d i a t e  r e c e s s i o n .  

I would  l ike  to dwe l l  a l i t t l e  bi t  on the  i m p a c t  of th is  p o l i t i c a l  a t m o s -  
p h e r e  on the  C o n g r e s s .  I h a p p e n e d  to be  a r e p r e s e n t a t i v e  of t he  a i r c r a f t  
i n d u s t r y  r i g h t  a f t e r  Wor ld  War  II and  h e l p e d  to p r e s e n t  to C o n g r e s s  the  
i m p o r t a n c e  of con t inued  r e s e a r c h  fo r  the  n a t i o n a l  d e f e n s e .  It was  en t i r .e ly  
out of "ad  l ib"  t e s t i m o n y  tha t ,  when  a s k e d  to g ive  an e x a m p l e ,  I t r o t t e d  
out m y  concep t ,  thought  out on the  s p u r  of the  m o m e n t ,  in t h o s e  " s a c r e d "  
h a l l s ,  of t he  t e c h n i c a l  n e e d  fo r  p r o p e l l i n g  a i r p l a n e s  wi th  a t o m i c  e n e r g y .  
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With in  a y e a r  I found m y s e l f  s a d d l e d  with what  qu ick ly  b e c a m e  a v e r y  
unpopu la r  p r o j e c t ,  " N u c l e a r  E n e r g y  fo r  the  P r o p u l s i o n  of A i r c r a f t , "  
known as  N E P A .  It took  m o r e  than  ha l f  m y  b u s i n e s s  t i m e  and  e f fo r t  
and  f ive  y e a r s  to  p r o v e  to the  a t o m i c  a u t h o r i t i e s  that  such  a c o n c e p t  
was  sound ,  the  v i n d i c a t i o n  f i na l l y  r e s u l t i n g  f r o m  the  s e c u r i t y - c l a s s i f i e d  
L e x i n g t o n  R e p o r t .  Th i s  r e p o r t ,  which  was s u b m i t t e d  by Dr .  W a l t e r  G. 
W h i t m a n  of M. I: T . ,  as  c h a i r m a n ,  r e p r e s e n t e d  the  w o r k  of m o r e  than  
40 s c i e n t i s t s  and  e n g i n e e r s  who r e v i e w e d  NEPA,  and  who w e r e  u n a s -  
s o c i a t e d  w i t h  the  p r o j e c t .  You know now that  th is  p r o j e c t  has  a n u m b e r  
one  p r i o r i t y  in  ou r  p r e s e n t  d e f e n s e  p r o g r a m .  

I a m  m e n t i o n i n g  th i s ,  not  b e c a u s e  of any  e f fec t  m y  own e f fo r t s  had ,  
but  b e c a u s e  I know i n t i m a t e l y  the  c o u r s e  that  the  p r o j e c t  took,  and  i t  
m a y  p e r s u a d e  you p e r h a p s  to c o n c e n t r a t e  a l i t t l e  bi t  on how s u c h  i d e a s  
can  be bo rn ,  and the  d r e a d f u l  p r o c e s s  t hey  have  to go t h r o u g h  b e f o r e  
t h e y  b e c o m e  p o p u l a r l y  a c c e p t e d ,  p a r t i c u l a r l y  i f  t hey  cut  a c r o s s  the  
i n e r t i a  of w h a t e v e r  is  the  c u r r e n t  e f fo r t .  

At any  r a t e ,  you wi l l  no t i c e  tha t  at  the  end of the wa r  the  G o v e r n -  
m e n t - s p o n s o r e d  r e s e a r c h  e f fo r t  s a g g e d ,  but you wi l l  n o t i c e  tha t  t he  
c o r r e s p o n d i n g  i n d u s t r i a l  e f fo r t  did not .  This  was a r e c o g n i t i o n  on the  
p a r t  of f r e e  e n t e r p r i s e ,  not  s u b j e c t  to the  p r e s s u r e s  of p o l i t i c s ,  that  
h e r e  l ay  the  g r e a t  key  fo r  the f u t u r e  of our  b u s i n e s s  e c o n o m y ;  and  
t h e r e  was  a g e n e r a l  adop t ion  of r e s e a r c h  as  a n e c e s s a r y  tool .  I w i l l  
t r y  to show you a l i t t l e  l a t e r  in t h e s e  p i c t u r e s  the  m i s s i n g  e l e m e n t  tha t  
was  not  fu l ly  r e c o g n i z e d  in th is  e x t r a o r d i n a r y  r e s p o n s e .  

Aga in  p l e a s e  n o t i c e  tha t  i t  was  not  untiI  the  K o r e a n  War  t h r e a t  tha t  
G o v e r n m e n t - s p o n s o r e d  r e s e a r c h  o v e r t o o k  the  r e s e a r c h  tha t  e m a n a t e s  
f r o m  f r e e  i n d u s t r y .  

C h a r t  3, page  8 . - - T h i s  c h a r t  is  v e r y  s i gn i f i c an t .  It shows  the  
m a i n  a r e a s ,  the  f o r m a l  a r e a s ,  of r e s e a r c h  e f for t ,  and you wi l l  n o t i c e  
tha t  the  p h y s i c a l  s c i e n c e s  f a r  o u t s t r i p  the  l i fe  s c i e n c e s  and  the  s o c i a l  
s c i e n c e s .  

Wi thout  in any  way c a s t i n g  a s p e r s i o n s  on the  s o c i a l  s c i e n c e s ,  I 
want  to s ay  they  a r e  not  a c t u a l l y  s c i e n c e s .  T h e y  dea l  with i n c o m m e n -  
s u r a t e  m a t e r i a l  not  wi th  c o m m e n s u r a t e  m a t e r i a l  which  is  the  founda -  
t i on  s t o n e  of the  n a t u r a l  s c i e n c e s .  If you c a n ' t  m e a s u r e  a th ing ,  you 
c a n ' t  t r u l y  u n d e r s t a n d  it  in  a n a t u r a l  s c i e n c e .  We t a lk  about  t he  a v e r a g e  
m a n  and  t a lk  about  the  c o n s t a n t  d o l l a r .  T h e s e  " t h i n g s "  do not  e x i s t  and 
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cannot  be e x a c t l y  m e a s u r e d .  It has  b e e n  sa id  tha t  i f  you la id  a l l  the  
e c o n o m i s t s  end  to end,  d e a l i n g  in  s t a t i s t i c s  as  t hey  do, t h e y  would  
r e a c h  no c o n c l u s i o n .  

Now, g e n t l e m e n ,  dont t  u n d e r r a t e  the  e c o n o m i s t s .  T h e y  a r e  a 
n e c e s s a r y  ad junc t  and  p e r f o r m  a u se fu l  func t ion .  But dont t  do t h e m  
the  u n w a r r a n t e d  h o n o r  of a s c r i b i n g  to  t h e m  m o r e  than  t h e y  h a v e  the  
p o w e r  to do. When  t h e y  d e a l  wi th  the  ~taverage m a n  ~v t h e y  a r e  d e a l i n g  
with a m y t h i c a l  concep t ;  and  when  t h e y  t ake  the  law of supp ly  and  d e -  
m a n d  and,  as  t h e y  th ink  they  did u n d e r  one na t iona l  a d m i n i s t r a t i o n ,  
s u s p e n d  i t ,  t h e y  a r e  out of the  f i e ld  of ac tua l i t y .  You c a n ' t  do tha t  
wi th  a r e a l  s c i e n t i f i c  law l ike  the  law of g r a v i t a t i o n .  H e r e i n  l i e s  an 
e s s  e n t i a l  d i f f e r e n c e .  

T h e r e  is s o m e t h i n g  e l s e  I want  to  poin t  out. In the  s o c i a l  s c i e n c e s  
wh ich  a r e  v i t a l  and i m p o r t a n t  to y o u r  m i s s i o n  in th is  I n d u s t r i a l  C o l l e g e ,  
and  with which  you m u s t  be,  to  a c e r t a i n  ex ten t ,  f a m i l i a r  and  to  wh ich  
you m u s t  be  d e d i c a t e d ,  t h e r e  a r e  t h o s e  who a r e  t r y i n g  to app ly  s c i e n -  
t i f ic  t e c h n i q u e s  to u n s c i e n t i f i c  and i n c o m m e n s u r a b l e  m a t e r i a l .  That  
m a y  be good; but i t  m u s t  not  foo l  you in to  b e l i e v i n g  tha t  the  end  con -  
c l u s i o n  is a s c i e n t i f i c  c o n c l u s i o n .  T h e y  m a y  r e a c h  c o m m o n s e n s e  con -  
c l u s i o n s  by  the  b e s t  m e t h o d  known,  f r o m  a m a s s  of da ta  w h i c h  at  t i m e s  
a r e  too c o m p l e x  fo r  any  h a m a n  m i n d ,  o~ e v e n  one  of N o r b e r t  Wiene r~s  
c y b e r n e t i c a l  m a c h i n e s .  H o w e v e r ,  th i s  i s  n o t  a t r u e  " s c i e n t i f i c "  p r o c e s s !  

The l i fe  s c i e n c e s ,  on the  o t h e r  hand,  a r e  v e r y  v i t a l .  T h e s e  a r e  
a g r i c u l t u r e ,  b io logy ,  m e d i c i n e ,  and  a l l i e d  f i e l d s .  T h e y  c o n c e r n  y o u r  
h e a l t h ,  y o u r  food s u p p l i e s ,  and  m u c h  of the  NationWs e c o n o m i c  p o t e n t i a l  
in  a g r i c u l t u r e  and  i t s  a l l i e d  f i e l d s .  

S ince  the  l i fe  s c i e n c e s  do not  r e q u i r e  t h e  e l a b o r a t e  h a r d w a r e  tha t  
is  a p a r t  of t he  p h y s i c a l  s c i e n c e s  fo r  t h e i r  r e s e a r c h  and d e v e l o p m e n t  
p h a s e s ,  the  c h a r t  s o m e w h a t  d i s t o r t s  t he  c o m p a r i s o n  as  a m e a s u r e  of 
t he  r e l a t i v e  e f fo r t .  Th is  could  a l s o  be  s a i d  of t he  s o c i a l  s c i e n c e s  w h i c h  
r e q u i r e  e v e n  l e s s  in  the  way of l a b o r a t o r i e s  and  i n s t r u m e n t s  t h a n  do 
the  l i fe  s c i e n c e s  and  which ,  f o r  the  m o s t  pa r t ,  w o r k  wi th  p e n c i l s  and  
p a p e r  and  n a t i o n a l  s t a t i s t i c s .  

C h a r t  4, page  1 0 . - - O n  the  lef t  of  c h a r t  4 you s e e  w h e r e  t he  m o n e y  
fo r  r e s e a r c h  and d e v e l o p m e n t  c o m e s  f r o m .  Good o l d  U n c l e  Sam,  we 
t a x p a y e r s ,  put in 58 p e r c e n t  of t he  dough  in  t he  y e a r  1955. I n d u s t r y  
t h r o w s  in  39 p e r c e n t - - a t  l e a s t  t h a t ' s  what  the  c h a r t  s a y s .  Some  of 
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i n d u s t r y ' s  c o n t r i b u t i o n ,  of c o u r s e ,  f lows  i n d i r e c t l y  f r o m  G o v e r n m e n t  
t h r o u g h  s u p p o r t i n g  G o v e r n m e n t  s u p p l y  c o n t r a c t s .  

The  3 p e r c e n t  funds  which  you  s e e  unde r  the  c l a s s i f i c a t i o n  of 
u n i v e r s i t i e s  and r e s e a r c h  i n s t i t u t i o n s  i s  an  e x t r e m e l y  v i t a l  and  m a j o r  
c o m p o n e n t .  I t  ~is l i m i t e d  b e c a u s e  i t  c o m e s  out of n o n p r o f i t  i n s t i t u t i o n s  
and  c o n s e q u e n t  l i m i t e d  r e s o u r c e s .  U n d e r n e a t h  t h i s  f ac t  i s  a v e r y  s u b t l e  
p r i n c i p l e  b e c a u s e  th i s  3 p e r c e n t  i s  p r o b a b l y  m o r e  i m p o r t a n t  f o r  t h e  long-  
r a n g e  i m p l i c a t i o n s  t han  a l l  of t h e  r e m a i n i n g  97 p e r c e n t .  You s e e  i t  d e a l s  
wi th  t h e  e n l a r g e m e n t  of m a n ' s  f u n d a m e n t a l  knowledge  of the  f o r c e s  of 
the  u n i v e r s e  and  h i s  e n v i r o n m e n t .  I n  t he  c o u r s e  of the  l e c t u r e ,  we wi l l  
t r y  to  d e v e l o p  t h i s  f u r t h e r .  

At  the  r i g h t  of the  c h a r t  on the  s i d e  of p e r f o r m a n c e ,  you  s e e  t h a t  
t he  u n i v e r s i t i e s  and  o t h e r  i n s t i t u t i o n s  p e r f o r m  10 p e r c e n t  of the  r e -  
s e a r c h .  O b v i o u s l y  the  m o n e y  f lows  to  t h e m  f r o m  i n d u s t r y  and  the  Gov-  
e r n m e n t  ~. iAlso  y 0 u  wi l l  s e e  t ha t  the  G o v e r n m e n t  p e r f o r m s  on ly  18 p e r -  
cent. rei~gioni~Sustr3r as its agent, which is proper in our type of 
e c o n o m y .  W b a r b  g o i n g t 0  borne  back ,  l a t e r ,  to the  s i g n i f i c a n c e  of t h i s  
3 p e r c e n t  and  the  10 p e r c e n t .  

C h a r t  5, page  1 2 . - - L e t ' s  look  a t  c h a r t  5. What  i s  b a s i c  r e s e a r c h  
and what  i s  a p p l i e d  r e s e a r c h  and d e v e l o p m e n t ?  We a r e  go ing  to  h a v e  
to u n m a s k  s o m e  f e l l ow m e m b e r s  of i n d u s t r y ,  of which ,  of c o u r s e ,  I a m  
a m e m b e r ,  and  t e l l  you  ~ h a t  we t a l k  about  r e s e a r c h  and  d e v e l o p m e n t  i n  
a v e r y  l o o s e  f a s h i o n .  T h o s e  of you h e r e  t o d a y  who a r e  Ph .  D ' s  in  t he  
n a t u r a l  s c i e n c e s  d o n o r  h a v e  to be t o l d  of the  i m p l i c a t i o n s  of wha t  I a m  
t r y i n g  to s a y  t o  t h i s  a u d i e n c e .  

T h e r e  a r e  v e r y  few i n d u s t r i a l  o r g a n i z a t i o n s  in  the  Un i t ed  S t a t e s  
t ha t  do a n y t h i n g  a p p r o a c h i n g  b a s i c  r e s e a r c h .  T h i s  i s  a l m o s t  e n t i r e l y  
the  a r e a  of the  3 p e r c e n t  u n i v e r s i t y  c o n t r i b u t i o n .  Yet  s o m e  u n i v e r s i t i e s  
do a p p l i e d  r e s e a r c h ,  s o m e  to an  ex t en t  tha t  w o r r i e s  e d u c a t o r s  a s  i t  c an  
d e t r a c t  f r o m  the  e d u c a t i o n a l  p r o c e s s .  Indeed  i t  c an  be  a r e a l  d a n g e r .  
In  the  d e s i r e  t o  ge t  f i n a n c i a l  s u p p o r t ,  endowed  s c h o o l s  and  u n i v e r s i t i e s  
wi l l  t a k e  a p p l i e d  r e s e a r c h  c o n t r a c t s  to h e l p  t h e m  m e e t  the  n e e d  f o r  
i m p r o v e d  s a l a r i e s  f o r  p r o f e s s o r s .  

Endowed educa t ion ,  f r e e  of p o l i t i c a l  i n t e r f e r e n c e ,  s e t s  the  s t a n d -  
a r d s  in  A m e r i c a .  It  i s  doubtfu l  i f  i t  c an  con t inue  to e x i s t  wi thou t  g r e a t e r  
f i n a n c i a l  s u p p o r t ,  and  app l i ed  r e s e a r c h  c o n t r a c t s  h a v e  been  a n  i n d i r e c t  
m e a n s  fo r  s u c h  s u p p o r t ,  and  t h e r e f o r e ,  p r e s e n t  g r e a t  t e m p t a t i o n s  to the  
e d u c a t i o n a l  a d m i n i s t r a t o r .  
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H o w e v e r ,  th i s  i s  not  our  s u b j e c t ,  e x c e p t  tha t  i t  d o e s  c o n c e r n  you 
as  m i i i t a r y  o f f i c e r s  and  p r o c u r e m e n t  o f f i c e r s  in  the  m i l i t a r y  d e p a r t -  
m e n t s .  It w o u l d  be a g r e a t  t r a g e d y  to s t a r t  m a k i n g  c o m m e r c i a l  r e -  
s e a r c h  l a b o r a t o r i e s  out of g r e a t  t e a c h i n g  i n s t i t u t i o n s .  And  r e m e m b e r ,  
i t  i s  a v e r y  t e m p t i n g  th ing  fo r  t h e m .  

B a s i c  r e s e a r c h  wh ich  you s e e  i n d i c a t e d  in  c h a r t  5 can  be i l l u s t r a t e d  
by one of t h e  i t e m s  of the  s c o p e  of th i s  l e c t u r e .  We canno t  do ful l  j u s -  
t i c e  to i t  h e r e ,  but  I would  l ike  to l e a v e  you with s o m e  i m p r e s s i o n s .  

As  an  e x a m p l e ,  w h e r e  did a t o m i c  s c i e n c e ,  as  i t  is  p r a c t i c e d  t o d a y  
in  y o u r  w e a p o n r y  and in  the  p e a c e f u l  or  i n d u s t r i a l  a t o m ,  c o m e  f r o m ?  
Who d i s c o v e r e d  i t ?  T h e r e  is  no p e r f e c t  s t a r t i n g  point  fo r  s u c h  an 
a n s w e r .  We can  b e g i n  in  1890 wi th  Dr .  H e i n r i c h  H e r t z ,  a G e r m a n ,  
who p r o d u c e d  the  c o n c e p t  of e l e c t r o m a g n e t i c  waves  in  s p a c e .  In 1895 
he was f o l l o w e d  by Dr .  W i l h e l m  R o e n t g e n ,  a n o t h e r  G e r m a n ,  who p r o -  
duced  X - r a y s ,  which ,  as  you know, w e r e  h i g h - e n e r g y  e l e c t r o m a g n e t i c  
waves  in s p a c e .  In the  fo l l owing  y e a r ,  a F r e n c h m a n ,  Dr .  A n t o i n e  
B e c q u e r e l ,  i n t r o d u c e d  the  concep t  of r a d i o a c t i v i t y .  One y e a r  f o l l o w i n g  
h i m  c a m e  Dr .  J .  J .  T h o m s o n  of Eng land ,  who i s o l a t e d ,  d i s c o v e r e d ,  
and m e a s u r e d  the  e l e c t r o n ;  and  fo r  the  f i r s t  t i m e  the  b e h a v i o r  of  s o -  
c a l l e d  c h e m i c a l  e l e m e n t s  b e g a n  to y i e l d  to the  a n a l y t i c a l  p r o c e s s  of 
e x p a n d i n g  s c i e n t i f i c  k n o w l e d g e .  

The  y e a r  f o l l owing  h i m  the  C u r i e s ,  a P o l i s h  w o m a n  and h e r  F r e n c h  
husband ,  i s o l a t e d  r a d i u m ,  and  fo r  t he  f i r s t  t i m e  s t u d i e d  the  l aws  of 
r a d i a t i o n .  Two y e a r s  l a t e r  a g r e a t  G e r m a n  m a t h e m a t i c i a n ~  w o r k i n g  
wi th  p a p e r  and  p e n c i l s ,  p r o d u c e d  an  o u t s t a n d i n g  concep t ,  wi thout  wh ich  
t h e r e  could  be no a t o m i c  s c i e n c e .  He p r o v e d  tha t  e n e r g y  o c c u r s  in  

p a r t i c l e s ,  s p e c i f i c  p a r t i c l e s ,  and  tha t  t he  p a r t i c l e  of e n e r g y ,  a c o n s t a n t  
known as  "h"  ( P l a n c k ' s  Cons tan t )  is  m e a s u r a b l e  and  is  f u n d a m e n t a l  in  
n a t u r e ,  canno t  be  changed ,  and is  as  p r e c i s e l y  d e f i n a b l e  in m a t h e m a t -  
i c a l  t e r m s  as  pi.  That  m a n  was Max P l a n c k ,  and  he  s h o o k  the  s c i e n t i f i c  
w o r l d j  b e c a u s e  he  did away  wi th  the  c o n c e p t  tha t  e n e r g y  was s o m e t h i n g  
tha t  o c c u r r e d  in a s t r e a m  and  that  could  be cut  at  any  point .  

In 1905, Dr .  A l b e r t  E i n s t e i n ,  b u i l d i n g  f u r t h e r  on the  L o r e n z  m a t h -  
e m a t i c a l  t r a n s f o r m a t i o n  equa t i ons  and  the  r e m a r k a b l e  P l a n c k  d i s c o v e r y ,  
d e r i v e d  t h e  m a t h e m a t i c a l  concep t  of r e l a t i v i t y ,  wh ich  is  too b r o a d  to  be  
d i s c u s s e d  h e r e ,  excep t  in  one s i m p l e  form~ which  you f ind quo t ed  o v e r  
and  o v e r  ad n a u s e a m .  Th i s  s t a t e s  tha t  E = m C  2. 
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Now, fo r  t h o s e  of you  who do not  th ink  in m a t h e m a t i c a l  t e r m s ,  I 
would  j u s t  l ike  to t r a n s l a t e  q u i c k l y  th i s  e q u a t i o n  a s  I s e e  i t .  We a r e  
h u m a n s ,  who h a v e  e v o l v e d  up an  e v o l u t i o n a r y  s c a l e .  If you  s t u d y  th i s  
p r o c e s s ,  you  wi l l  r e a l i z e  tha t  you a r e  a v e r y  u n f i n i s h e d  p r o d u c t  and  
tha t  e v o l u t i o n  is s t i l l  go ing  on today .  T h e y  s a y  one  c h i l d  in  e a c h  8, 000 
b o r n  is  s u p p o s e d  to have  s o m e  c h a r a c t e r i s t i c  not  found  in i t s  a n c e s t o r s .  

Th i s  is t he  n a t u r a l  p r o c e s s  of u p g r a d i n g  and e v o l v i n g  l i v i n g  f o r m s .  
We,  Ln our  r e l a t i v e l y  i m m a t u r e  f o r m  today ,  s e e  the  u n i v e r s e  t h r o u g h  
v e r y  i n d i s t i n c t  i n s t r u m e n t s - - e y e s  tha t  s e e  on ly  a m i n u t e  f r a c t i o n  of 
l ight ;  e a r s  tha t  h e a r  on ly  a m i n u t e  f r a c t i o n  of sound;  h a n d s  w h i c h  can  
f e e l  only  o b j e c t s  of e n o r m o u s  s i z e  in t e r m s  of the m i c r o c o s m o l o g y  t 
And ou r  i n s t r u m e n t s  of d e d u c t i o n  of the  u n i v e r s e  a r e  e x c e e d i n g l y  i m -  
p e r f e c t .  So we h a v e  bu i l t  up a p i c t u r e  of the  u n i v e r s e  w h i c h  i s  p e r s o n a l ,  
but  is  not  r e a l l y  the  p i c t u r e  of p u r e  s c i e n c e .  E = m C  2 s a t i s f i e s  you ,  p e r -  
h a p s ,  m a t h e m a t i c a l l y ,  but you  don ' t  u n d e r s t a n d  i t ,  b e c a u s e  i t  r e a l l y  
t e l l s  you the  fac t  tha t  e n e r g y  and m a t t e r  a r e  the  s a m e  th ing .  

You look a t  y o u r  e l e c t r i c  l ight  b i l l  a t  the  end  of a m o n t h  and  you  
pay  for  so  m a n y  k i l o w a t t - h o u r s .  M a t h e m a t i c a l l y ,  you  c a n  e x p r e s s  i t  
j u s t  as  a c c u r a t e l y  in pounds ,  k i l o g r a m s ,  o r  a n y  uni t  of w e i g h t  o r  m a s s .  
L i k e w i s e  you  can  get  on y o u r  s c a l e s ,  o r  you look at  y o u r  p r o f i l e ,  and  
s a y ,  "What  is  h a p p e n i n g  to m e ? "  You can  a c c u r a t e l y  d e s c r i b e  y o u r  
cond i t i on  in t e r m s  of a d d e d  k i l o w a t t - h o u r s ,  B r i t i s h  t h e r m a l  un i t s ,  
pounds  of e n e r g y ,  o r  a n y  of the  p h y s i c a l  m e a s u r e m e n t s  f o r  e n e r g y .  
You a r e  a t  the  s a m e  i n s t a n t  both  e n e r g y  and  m a s s ,  b e c a u s e  t h e y  a r e  : 
s c i e n t i f i c a l l y  the  s a m e  th ing .  

Thus  the  c h e m i c a l  e l e m e n t s  wh ich  h a v e  b e e n  r e f e r r e d  to c l a s s i c a l l y  
as  the  f u n d a m e n t a l  b u i l d i n g  b l o c k s  of a l l  n a t u r e ,  t u r n e d  out to be ,  in  the  
l ight  of the  n e w  d i s c o v e r i e s ,  not  r e a l l y  f u n d a m e n t a l .  L o r d  E r n e s t  
R u t h e r f o r d ,  by 1919, in h i s  c l a s s i c a l  e x p e r i m e n t ,  t u r n e d  n i t r o g e n  in to  
oxygen  by b o m b a r d m e n t  wi th  a lpha  r a d i a t i o n .  T h e  e x p a n s i o n  of t h i s  
k n o w l e d g e  p r o v e d  tha t  c h e m i c a l  e l e m e n t s  w e r e  no t  f u n d a m e n t a l  in  n a -  
t u r e  but can  be b r o k e n  down in to  s u b p a r t i c l e s  of a s t i l l  m o r e  f u n d a -  
m e n t a l  n a t u r e .  

F r o m  the  D a n i s h  s c i e n t i s t ,  D r .  N i e l s  B o h r ,  who p r o d u c e d  the  f i r s t  
p i c t u r e ,  o r  a n a t o m y ,  of an  a t o m  and  c o l l e c t e d  the  N o b e l  p r i z e  f o r  i t ,  on 
t h r o u g h  the  d i s c o v e r y  of t he  n e u t r o n  by D r .  J a m e s  C h a d w i c k ,  a n o t h e r  
E n g l i s h m a n ,  up to E n r i c o  F e r m i ,  the  I t a l i a n ,  who g a v e  us the  f i r s t  
n u c l e a r  r e a c t o r - - t h e s e  m e n  fo r  the  f i r s t  t i m e  k n o w i n g l y  t r a n s m i t t e d  
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and p r o d u c e d ,  f r o m  the  n a t u r a l  f o r c e s  tha t  a r e  a r o u n d  us at  a l l  t i m e s ,  
what  we ca l l  a t o m i c  e n e r g y .  

Why is th i s  point  so  s i g n i f i c a n t ?  I wi l l  s t a r t  with an e x a m p l e .  
When  I was g r a d u a t e d  in e n g i n e e r i n g ,  it took 2 .5  pounds  of coa l  to 
p r o d u c e  a k i l o w a t t - h o u r  by the  b e s t  e n g i n e e r i n g  of tha t  t i m e ;  and  we 
thought  i t  was good at that  t i m e .  T h o m a s  E d i s o n  s t a r t e d  in the  1880 's  
with 15 pounds  p e r  k i l o w a t t - h o u r .  Today  we can p r o d u c e  it  wi th  a lot  
l e s s  than  one pound of coa l  or  i t s  e q u i v a l e n t  in oil  o r  gas  fue l .  We 
have  m u l t i p l i e d  the  e a r t h ' s  r e s o u r c e s  in the  f o r m  of f o s s i l  fue l s  by 
o v e r  300 p e r c e n t  in m y  a c t i v e  b u s i n e s s  l i fe .  " T r e m e n d o u s , "  you s a y .  
T r e m e n d o u s  it i s !  The  e n g i n e e r i n g  p r o f e s s i o n  and i t s  s c i e n c e  c o l l a b -  
o r a t o r s  can t ake  g r e a t  c r e d i t .  

Now l e t ' s  s u p p o s e  we b r i n g  out the  concep t  of p e a c e f u l  a t o m i c  
e n e r g y  g e n e r a t i o n  in which  f o r m  one pound of m a t e r i a l  c h a n g e d  in to  i t s  
e n e r g y  c o m p o n e n t  could  t h e o r e t i c a l l y  deve lop  11 ,400,  000, 000 k i l o w a t t -  
h o u r s .  By a p p l i c a t i o n  of the  equa t ion ,  E--mC 2, we f ind tha t  the  on ly  
n a t u r a l  a t o m i c  fue l  is U-235 and h e r e  only  1/1,000 of i t s  m a s s  can  be 
c o n v e r t e d  or~ rough ly ,  o v e r  11 m i l l i o n  k i l o w a t t - h o u r s .  D iv ide  th i s  by, 
r o u g h l y ,  t h r e e  to ge t  i t  in the f o r m  of e l e c t r i c a l  e n e r g y  at the  g e n e r a t o r  
and you s e e  the  e n o r m o u s  i m p o r t  of th is  concep t .  That  is  not  an e v o l u -  
t ion  in s c i e n c e ;  it is a r e v o l u t i o n .  And it is h e r e .  That  is why the  
a t o m i c  age  is  not  j u s t  a n o t h e r  s c i e n t i f i c  d i s c o v e r y  l ike  le t  us say ,  t e l e -  
v i s i o n .  It is  a r e v o l u t i o n ;  and  the  m e a n i n g  of th i s  e x a m p l e  can  be  a p p l i e d  
to c h a r t  5. It is  in  tha t  l i t t l e  g r a y  b lock  of b a s i c  r e s e a r c h  tha t  s u c h  i d e a s  
o r i g i n a t e d - - n o t  in that  b ig  b l ack  b lock  of app l i ed  r e s e a r c h  and d e v e l o p -  
m e n t .  

P i c k  up any  " B u s i n e s s  Week"  or  " S a t u r d a y  E v e n i n g  P o s t "  o r  " L i f e "  
and  r e a d  the  s e l f - i n d u l g e n t  a d v e r t i s e m e n t s  of the  g r e a t  c o r p o r a t i o n s  of 
A m e r i c a  f e a t u r i n g  r e s e a r c h  done  in t h e i r  l a b o r a t o r i e s .  

G e n t l e m e n ,  a l m o s t  e n t i r e l y  such  r e s e a r c h  l i e s  in the  a p p l i e d  f i e l d s .  
T h e r e  a r e  only  a few o u t s t a n d i n g  e x c e p t i o n s .  It is  in  the  g r a y  a r e a  of 
bas i~  r e s e a r c h  tha t  A m e r i c a  has  b e e n  d e f i c i e n t .  Our  e c o n o m y  has  
e m e r g e d  f r o m  a p i o n e e r  s t a t e  endowed  wi th  r i c h  r e s o u r c e s ,  g r e a t  
m a r k e t s ,  and has  c r e a t e d  a na t ion  of " d o e r s . "  It is  h e r e  tha t  the  con-  
cep t  of m a s s  p r o d u c t i o n  o r i g i n a t e d  in the  f r i e n d l y  e c o n o m i c  c l i m a t e .  

On the  o t h e r  hand,  the  t r u e  s c h o l a r ,  w o r k i n g  wi thout  any  f i e ld  of 
a p p l i c a t i o n  in m i n d ,  was  put down as a " q u e e r , "  and d e s c r i b e d  as  an  
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" e g g h e a d , "  " l o n g h a i r "  a n d  o t h e r  t e r m s  w h i c h  a r e  n o t  t r u l y  e n d e a r i n g .  
In  E u r o p e ,  on  t h e  o t h e r  h a n d ,  t h e r e  i s  a n  i n t e l l e c t u a l  a r i s t o c r a c y  a n d  
s u c h  m e n  r e c e i v e  t h e  a c c o l a d e  of  t h e i r  f e l l o w  c i t i z e n s .  T h e  n a m e s  
w h i c h  w e  h a v e  r e c i t e d  in  o u r  e x a m p l e s  o f  t h e  r o o t  s o u r c e s  o f  a t o m i c  
e n e r g y  w e r e  w i t h o u t  e x c e p t i o n  f o r e i g n  b o r n  a n d  e d u c a t e d .  M a n y  of  o u r  
l e a d i n g  m e n  of  s c i e n c e  in  t h e  U n i t e d  S t a t e s  t o d a y  w e r e  b o r n  a n d  e d u c a -  
t e d  in  E u r o p e .  T h u s ,  we  t a l k  a l o t  a n d  b o a s t  a b o u t  o u r  r e s e a r c h  f o r  
w h i c h  w e  s p e n t  m o r e  m o n e y ,  i t  i s  s a i d ,  t h a n  a l l  o t h e r  c o u n t r i e s  o f  t h e  
w o r l d  p u t  t o g e t h e r .  B u t  t h e  f o u n t a i n h e a d  f r o m  w h i c h  t h i s  e f f o r t  g r o w s  
s t i l l  r e m a i n s  l a r g e l y  a E u r o p e a n  c u l t u r a l  p r o d u c t .  T h i s  i s  t h e  c h a l l e n g e  
f o r  A m e r i c a  a n d  s h o u l d  b e  i m p o r t a n t  t o  a l l  o f  y o u  a s  p o t e n t i a l  m i l i t a r y  

l e a d e r s .  

I w a n t  t o  p a y  t r i b u t e  n o w  to  t h e  C o m m a n d i n g  O f f i c e r  o f  t h e  A i r  
R e s e a r c h  a n d  D e v e l o p m e n t  C o m m a n d ,  w i t h  w h o m  I r e c e n t l y  h a d  a v e r y  
i n t e r e s t i n g  f e e t - u p - o n - t h e - d e s k ,  l o c k e d - d o o r  d i s c u s s i o n .  H e  r e c o g n i z e s  
t h a t  w i t h o u t  t h e s e  t w o  t y p e s  of  r e s e a r c h ,  b a s i c  a n d  a p p l i e d ,  we  c a n n o t  
k e e p  a h e a d  of  t h e  e n e m y .  He  s a i d ,  " B y  l aw  we  c a n  p a y  15 p e r c e n t  p r o f i t  
t o  a n  i n d u s t r i a l  f i r m  f o r  r e s e a r c h ,  b u t  w e  d o n ' t .  W i t h i n  t h e  A i r  F o r c e  
we  h a v e  a r u l e  o f  p a y i n g  7 p e r c e n t .  B u t , "  h e  s a y s ,  " t h i s  i s  w r o n g .  T h e  
h e a d  of  o n e  g r e a t  r e s e a r c h  o r g a n i z a t i o n  r e c e n t l y  c a m e  to  m e  a n d  s a i d ,  
'We  a r e  g o i n g  to  h a v e  t o  s t a r t  m a k i n g  t h i n g s  a n d  p u t  o u r  r e s e a r c h  
w o r k e r s  on  " H a r d w a r e . "  W e  c a n ' t  l i v e  on  7 p e r c e n t  a n d  a t t r a c t  c a p i t a l ,  
b e c a u s e  w h e n  we  a l l o c a t e  o u r  e x p e n s e s ,  t h e  b o y s  c o m e  i n - - t h a t  i s  y o u r  
G o v e r n m e n t  a c c o u n t i n g  h o u n d s - - a n d  s a y ,  f o r  i n s t a n c e ,  t h a t  s a l e s  h a s  
n o  f u n c t i o n  in  a G o v e r n m e n t - s u p p o r t e d  a c t i v i t y  a n d  we  m u s t  d i s a l l o w  i t  
f o r  r e i m b u r s e m e n t .  B u t  i f  we  c a n ' t  s e l l  we  g e t  n o  o r d e r s .  W e  a r e  n o t  
s u p p o s e d  to  s e l l  y o u  m i l i t a r y  g e n t l e m e n ,  b u t ,  i f  we  n e v e r  c o m e  n e a r  
y o u ,  y o u  d o n ' t  g i v e  us  a n y  o r d e r s .  W h e n  w e  c o m e  n e a r  y o u ,  y o u r  a c -  
c o u n t a n t s  s a y  i t  i s  s a l e s  e x p e n s e ,  a n d  y o u  d o n ' t  s e l l  t h e  G o v e r n m e n t .  

So o u t  i t  g o e s .  '" 

I a m  i l l u s t r a t i n g  o n l y  o n e  p r o b l e m  of  t h e  m a t t e r .  B y  t h e  t i m e  a n  
i n d u s t r i a l  r e s e a r c h  f i r m  g e t s  t h r o u g h  w i t h  s u c h  c o s t  d i s a l l o w a n c e s ,  a n d  
b y  t h e  t i m e  M r .  H u m p h r e y  a n d  h i s  a i d e s  c o m e  a r o u n d  a n d  t a k e  t h e  t a x e s ,  
a r e s e a r c h  l a b o r a t o r y  d o e s  n o t  h a v e  e v e n  3 p e r c e n t  l e f t  to  f i n a n c e  a n d  
b u y  i t s  e q u i p m e n t ,  b u i l d  i t s  l a b o r a t o r i e s  a n d  p r o v i d e  n e c e s s a r y  p r o f i t .  
I f  i t  w e r e  n o t  f o r  t h e  f a c t  t h a t  s o m e  of  y o u  g e n t l e m e n  o v e r l o o k  t h e  r u l e s  
o c c a s i o n a l l y ,  I d o n ' t  t h i n k  we  w o u l d  h a v e  n e a r l y  t h e  r e s e a r c h  r e s o u r c e s  
w e  n o w  h a v e .  I w a n t  to  p a y  t r i b u t e  to  s u c h  o f f i c e r s .  Y o u  h a v e  o f t e n  
g o n e  a s  f a r  a s  y o u  c o u l d .  S o m e t i m e s ,  i n  v i o l a t i n g  y o u r  o w n  g r o u n d  
r u l e s ,  y o u  h a v e  p r o v i d e d  r e s e a r c h  l a b o r a t o r i e s  w i t h  e q u i p m e n t  b y  t h e  
d a r n e d e s t  d e v i c e s  I h a v e  e v e r  h a d  t o  d e a l  w i t h ,  a n d  m o r e  p o w e r  t o  y o u .  
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To r e t u r n  to the  i n t e r v i e w  wi th  G e n e r a l  T h o m a s  S. P o w e r ,  C h i e f  
of the  A i r  R e s e a r c h  and  D e v e l o p m e n t  C o m m a n d .  He s a i d  d u r i n g  the  
m e e t i n g  tha t  t h e y  had  r e n e w e d  a n  A i r  F o r c e  r e s e a r c h  c o n t r a c t  wi th  a 
l e a d i n g r e s e a r c h  g r o u p  as  the  s t a t u t o r y  f e e  of 15 p e r c e n t  s i m p l y  to 
a v o i d  l o s i n g  r e s e a r c h  s c i e n t i s t s  to t he  f i e ld  of h a r d w a r d  d e v e l o p m e n t .  
H e  cor /c luded  by s a y i n g  he  fe l t  tha t  the  A i r  F o r c e  would  h a v e  to do m o r e  
of t h i s .  

C o n f i d e n t i a l l y ,  g e n t l e m e n ,  I hope  tha t  th i s  th ing  can  i n f ec t  the  o t h e r  
s e r v i c e s  in  o r d e r  tha t  o u r  t r u e  r e s e a r c h - m i n d e d  o r g a n i z a t i o n s  m a y  c o n -  
t i nue  to s t a y  in  b u s i n e s s  and  even  expand .  It s h o u l d  be c l e a r  t ha t  t hey  
c a n n o t  e x i s t  and  a t t r a c t  c a p i t a l  on a 7 p e r c e n t  f ee  f r o m  which  t h e r e  a r e  
m e a s u r a b l e  a c c o u n t i n g  d i s a l l o w a n c e s  due  to G o v e r n m e n t  r u l i n g s ,  and  
then  pay  m o r e  t h a n  o n e - h a l f  of what  is  lef t  to the T r e a s u r y  in the  f o r m  
of t a x e s .  What  i s  le f t  j u s t  wi l l  not  pay  d i v i d e n d s  and p e r s u a d e  b a n k i n g  
i n s t i t u t i o n s  and  i n s u r a n c e  c o m p a n i e s  to m a k e  loans  n e c e s s a r y  fo r  f a c i l -  
i t y  d e v e l o p m e n t  and  f i n a n c i n g .  

P e r h a p s  I s h o u l d  be v e r y  c a n d i d  by s a y i n g  tha t  o u r  own f i r m ,  V i t r o ,  
is  d i r e c t l y  i n v o l v e d  in th i s  p r o b l e m  as  we a r e  a r e s e a r c h - m i n d e d  o r g a n -  
i z a t i o n  and  m u s t  d e a l  wi th  t h e s e  p r o b l e m s  in a v e r y  p r a c t i c a l  s e n s e .  
H o w e v e r ,  the  i m p o r t a n t  point  is  tha t  our  b a s i c  r e s e a r c h  has  been  
l a r g e l y  done  by  f o r e i g n e r s  and we do get  m a n y  of ou r  b a s i c  i d e a s  f r o m  
E u r o p e .  I a m  c o n s c i o u s  of the  fac t  tha t  we  w e r e  the f i r s t  to put a b o m b  
t o g e t h e r  and  m a k e  it w o r k .  I s i n c e r e l y  b e l i e v e  we  a r e  the  be s t  d a m n e d  
t i n k e r e r s  in the  w o r l d .  We have  s u p e r b  e n g i n e e r i n g  and  p r o c e s s i n g  
i n d u s t r i e s  to s u p p o r t  us but do not  f o r g e t  tha t  the  b a s i c  i d e a s  c a m e  f r o m  
a b r o a d  and  tha t  m a n y  of the  l e a d i n g  s c i e n t i s t s  who w o r k e d  in the  U n i t e d  
S t a t e s  on the  p r o j e c t  w e r e  b o r n  and  t r a i n e d  in an  a l i e n  land .  

P e r h a p s  I a m  s a y i n g  tha t  it  i s  up to you m e n  to h e l p  s o l v e  th i s  
p r o b l e m  f o r  t h e  d e f e n s e  e s t a b l i s h m e n t .  We do h a v e  th i s  k ind  of b r a i n s  
h e r e  in A m e r i c a  and it  m e r e l y  n e e d s  s u f f i c i e n t  e n c o u r a g e m e n t  f o r  t h e m  
to go i n to  the  pa ths  of t r u e  s c i e n c e  and  s c i e n t i f i c  d e v e l o p m e n t ,  and  fo r  
ou r  u n i v e r s i t i e s  to be s t r e n g t h e n e d  in  t h e s e  a r e a s  by s u p p o r t i n g  con -  
t r a c t s  w h i c h  can  b e s t  be  done  in  t he  a t m o s p h e r e  of f r e e  i n q u i r y  p r o v i d e d  
by  s u c h  i n s t i t u t i o n s ,  and  w h i c h  is the  c l i m a t e  tha t  b e s t  a t t r a c t s  s u c h  
s c h o l a r s .  We,  in  i n d u s t r y ,  m u s t  do ou r  p a r t  by  not  s t e a l i n g  s u c h  m e n  
f r o m  the  u n i v e r s i t i e s  and  thus  d e s t r o y i n g  the  p o w e r  to e d u c a t e  and  t r a i n  
n e w  m e n .  
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C h a r t  6, page  1 9 . - - I n  th i s  c h a r t  we show our  r e s o u r c e s  in  m a n -  
p o w e r  to  c a r r y  on r e s e a r c h .  I don ' t  l i ke  th i s  c h a r t .  It d o e s  not  s h o w  
a r e a l i t y t o w a r d  the  fac t s  of l i fe .  As  you can s e e ,  the  to ta l  of r e s e a r c h  
e n g i n e e r s  and s c i e n t i s t s  a v a i l a b l e  in i n d u s t r y ,  G o v e r n m e n t ,  and  n o n -  
p ro f i t  i n s t i t u t i o n s ,  is  not  i m p r e s s i v e  fo r  the  t a s k  of s u r v i v a l  fo r  our  
c o u n t r y .  

C h a r t  7, page  2 0 . - - T h i s  c h a r t  is  f a s c i n a t i n g .  I took  it out of t he  
d u P o n t  h o u s e  o rgan ,  w h e r e  it  was  i n t e n d e d  to  e d u c a t e  d u P o n t  e m p l o y e e s  
in  the  e c o n o m i c  f a c t s  of l i fe .  The  f i g u r e s  wh ich  go back  100 y e a r s  a r e  
s u p p o s e d l y  to s c a l e .  They  a r e  b a s e d  on s o c i a l  s c i e n c e  s t a t i s t i c s ,  so  
p l e a s e  do not  f a l l  v i c t i m  of t h e i r  s u p p o s e d  a c c u r a c y  or  t r y  to app ly  t h e m  
to four  d e c i m a l  p l a c e s .  The  c o n c l u s i o n  i s ,  I b e l i e v e ,  a f a i r  one ,  

The  m a n  of 1855 w o r k e d  h a r d  in a m a n u a l  s e n s e .  He chopped  h is  
wood; c a r r i e d  wa te r ;  h a r n e s s e d  the  t e a m ;  fo l l owed  the  plow; fed  h i s  
s tock ,  and so  on. He was a p r e t t y  busy  m a c h i n e .  Next  to h i m  was  an  
old f r i e n d ,  the  d o m e s t i c  a n i m a l  wh ich  f i l l ed  in wi th  the  h e a v i e r  t a s k s  
of h a u l i n g  loads  on the  h ighway ,  in the  f i e ld ,  and  on the  t r e a d m i l l .  To 
the  r i g h t  of the  h o r s e  i s  a s y m b o l  tha t  i s  h a r d  to s e e - - i t  i s  so  s m a l l .  
It is  a New Eng land  p o w e r p l a n t ,  an e a r l y  w a t e r  w h e e l  p o w e r p l a n t .  I ts  
c o n t r i b u t i o n  was s m a l l  r e l a t i v e  to o t h e r  s o u r c e s  of e n e r g y .  The  c l o c k  
s y m b o l  s h o w s  tha t  p e o p l e  a c t u a l l y  w o r k e d  we l l  o v e r  12 h o u r s  a day  in  
o r d e r  to f u r n i s h  the  goods  and  s e r v i c e s  and  p r o d u c e  the  s t a n d a r d  of 
l i v ing  r e p r e s e n t e d  by the  s y m b o l  of the  h o r n  of p l en ty  on the  e x t r e m e  
r i g h t .  

F i f t y  y e a r s  i a t e r ,  as  you s e e ,  the  s t e a m  e n g i n e  had  c o m e  in to  
g e n e r a l  u se .  E a r l y  a u t o m a t i o n  had a l r e a d y  begun  to a p p e a r .  H o r s e s  
b e g a n  to t a k e  a l i ck ing .  Now look  at what  h a p p e n e d  to the c lock .  Or  
look,  m o r e  i m p o r t a n t l y ,  at  what  h a p p e n e d  to the  s t a n d a r d  of l iv ing .  
The  " s t a n d a r d  of l i v ing"  is m e r e l y  a p h r a s e ,  which  m e a n s  the  c a p a c i t y  
of the  e c o n o m y  of a c o u n t r y  to p r o d u c e  goods  and  s e r v i c e s ,  d i v i d e d  by 
the  p o p u l a t i o n - - w h i c h  is  a n i c e  s t a t i s t i c a l  concep t .  To you g e n t l e m e n  
it  has  a s p e c i a l i z e d  m~l i t a ry  m e a n i n g .  It m e a n s  c a p a c i t y  to wage  w a r .  
That  s y m b o l  i s  y o u r  c a p a c i t y  to  de f end  the  c o u n t r y .  

L e t ' s  t u r n  to 1955. The  m a n  now is  a w a k e n e d  by an  e l e c t r i c  c lock  
t u r n i n g  on his  f a v o r i t e  m o r n i n g  r a d i o  p r o g r a m ,  p e r h a p s  t u r n i n g  on the  
co f feepo t  and,  to the  m o r e  m e c h a n i c a l l y  m i n d e d ,  p e r h a p s  e v e n  s h u t t i n g  
h i s  window.  A f t e r  a m e a l  p r e p a r e d  in an  e l e c t r i c  m e c h a n i c a l  k i t c h e n ,  
he  s t e p s  in to  h is  p o w e r - d r i v e n  a u t o m o b i l e  in  the  b a s e m e n t  of h i s  h o m e  
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or  g a r a g e ,  not  wa lk ing  50 fee t .  He d r i v e s  to  the  b a s e m e n t  of h is  off ice;  
t h e n  ge t s  in to  a p o w e r - d r i v e n  e l e v a t o r  which  h o i s t s  h i m  up to the  of f ice ,  
w h e r e  he  s l u m p s  in to  a c h a i r ,  w h e r e  h is  p h y s i c a l  w o r k  is  about  o v e r .  

The  a n i m a l  in  1955 i s  ge t t i ng  to be a s o r t  of r a r e  b e a s t  who i n h a b i t s  
m o s t l y  t h o s e  v e r y  b e a u t i f u l  a r e a s  r u n  by " A s s o c i a t i o n s  fo r  P r e s e r v i n g  
and  U p g r a d i n g  H o r s e f l e s h  in  A m e r i c a .  ~' 

The  m a c h i n e ,  on the  o t h e r  hand,  has  now i n c i t e d  m a n y  of the  non-  
s c i e n t i f i c  e n g i n e e r i n g  and  e c o n o m i c  m i n d e d  w r i t e r s  who p r o l i f i c a l l y  
h a v e  b e e n  c o m p l a i n i n g - - n o t  so  m u c h  r e c e n t l y - - t h a t  m a n  has  c r e a t e d  
a F r a n k e n s t e i n  m o n s t e r  tha t  wi l l  e v e n t u a l l y  gobble  h i m  up. 

See  what  h a s  h a p p e n e d  to m a n ' s  c l o c k  in 1955. You know tha t  in  
the  c u r r e n t  l a b o r  d e m a n d s  they  a r e  t a l k ing  a 3 0 - h o u r  Week. You r e m e m -  
b e r  tha t  the  4 0 - h o u r  w e e k  was a d e p r e s s i o n  b o r n e  c o n c e p t - - n o t  to s h o r t e n  
m a n ' s  l a b o r  on e a r t h  but to  s p r e a d  w o r k  by that  q u e e r  o s m o t i c  p r o c e s s  
of p o l i t i c s ,  and  which  has  now b e c o m e  a f ine  s y m b o l  of m a n ' s  e m e r g e n c e  
f r o m  a c a p t i v e  of  duty  to  the  p r o m o t i o n  of l e i s u r e .  

And  today ,  w h e r e  is  the  s t a n d a r d  of l i v i n g ?  It is  t r e m e n d o u s  in  
t e r m s  of any  r e c o r d e d  e c o n o m i c  h i s t o r y  o r  fo r  any  f o r m  of c i v i l i z a t i o n  
in  the  w o r l d .  

And  now the  c h a r t m a k e r  d r e w  on h is  f ancy  fo r  t he  y e a r  2005. Our  
m a n  now is  a w a k e n e d  by  h i s  r a d i o  c lock;  h i s  b r e a k f a s t  i s  a l l  r e a d y  to be 
s e r v e d ;  he  m e r e l y  has  to r o l l  o v e r  to  the  edge  of the  bed  and  le t  g r a v i t y  
s o r t  of d e p o s i t  h i m  on h is  f ee t .  I a m  s u r e  he  has  a m o t o r - d r i v e n  z i p p e r  
on h i s  pan t s .  The  r e s u l t  i s ,  h i s  " d u t y "  c lock  s h o w s  only  30 h o u r s  a 
week .  

Le t  us now t a k e  a look  at  the  f u t u r e  s t a n d a r d  of l i v ing .  In s o m e  
ways  it i s  a l i t t l e  h o r r i b l e .  It i s  l ike  the  l i t t l e  ch i ld  g e t t i n g  l o s t  in a 
~¢tndy s t o r e  a f t e r  h o u r s .  I a m  not  s u r e  but what  we one  day  wi l l  have  
e c o n o m i c  i n d i g e s t i o n  f r o m  s h e e r  l u x u r i e s .  The  s y m b o l i s m  i s ,  I hope ,  
qu i t e  obvious  ! 

C h a r t  8, page  2 2 . - - T h i s  c h a r t  i s  an  o r i g i n a l  one.  It was  d e s i g n e d  
to e l i m i n a t e ,  a s  f a r  as  p o s s i b l e  s t a t i s t i c a l  g i m m i c k s ,  a r b i t r a r y  t e r m s  
and  i n d u s t r i e s ,  and  b a s i c  a s s u m p t i o n s .  It b e g i n s  at  1902, t he  f i r s t  y e a r  
of w h i c h  t he  u t i l i t y  i n d u s t r y  c o m p i l e d  n a t i o n w i d e  s t a t i s t i c s .  
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In o r d e r  to e l i m i n a t e  the  e f fec t  of a g r o w i n g  popu la t i on ,  o u r  c u r v e  
r e p r e s e n t s  the  k i l o w a t t - h o u r s  of e n e r g y  a v a i l a b l e  fo r  the  p r o d u c t i o n  of 
goods  and  s e r v i c e s  p e r  uni t  of p o p u l a t i o n  in  the  Un i t ed  S t a t e s .  On the  
s a m e  c h a r t  is  o v e r l a i d  the  b e s t  a v a i l a b l e  f i g u r e  fo r  the  s t a n d a r d  of 
l i v i n g  in  the  U n i t e d  S t a t e s .  G o v e r n m e n t  s t a t i s t i c s  we u s e d  and  r e d u c e d  
to a s o - c a l l e d  s t a n d a r d  d o l l a r  to a v o i d  the  e x c e e d i n g  in f l a t i on  of o u r  
c u r r e n c y .  H e r e ,  a g a i n ,  the  f i g u r e  r e p r e s e n t s  the  v a l u e  of goods  and  
s e r v i c e s  p r o d u c e d  p e r  uni t  of p o p u l a t i o n .  

I a m  s u r e  you  w i l l  be  s t r u c k  by  the  fac t  tha t  t h e s e  two c u r v e s  fo l -  
low the  s a m e  c o u r s e  f o r  o v e r  50 y e a r s .  S ince  the  d e m a n d s  f o r  p o w e r  
have  d o u b l e d  a p p r o x i m a t e l y  e v e r y  t e n  y e a r s  d u r i n g  th i s  p e r i o d ,  th i s  
m e a n s  tha t  t o d a y ' s  p o w e r  a v a i l a b l e  p e r  uni t  of popu l a t i on  is  a p p r o x i -  
m a t e l y  t h i r t y  t i m e s  as  g r e a t ,  and  in  s p i t e  of th i s  f a c t  the  s t a n d a r d  of 
l i v i n g  has  r i s e n  in a p a r a l l e l  m a n n e r  as  wi l l  be s e e n  f r o m  the  c h a r t .  

Of c o u r s e ,  t h e r e  a r e  e r r o r s  in s u c h  a s i m p l i f i c a t i o n .  In the  f i r s t  
p l a c e ,  the  g a t h e r i n g  of the  s t a t i s t i c s  i n t r o d u c e s  e r r o r s ,  p a r t i c u l a r l y  
wi th  r e s p e c t  to the  e c o n o m y .  S e c o n d l y ,  the  s t a n d a r d  d o l l a r  i n t r o d u c e s  
e r r o r s  and,  l a s t l y ,  t h e r e  a r e  o m i s s i o n s  which  m u s t  be  qu i te  o b v i o u s .  
T h e s e  l i e  in the  f i e ld  of the  e n e r g y  a v a i l a b l e ,  wh ich  a r e  no t  i n c l u d e d  
in the  E d i s o n  E l e c t r i c  I n s t i t u t e  p o w e r  s t a t i s t i c s .  

I t h ink  we s h o u l d  c o n c l u d e  wi th  t he  thought  tha t  o u r  c a p a c i t y  fo r  
n a t i o n a l  d e f e n s e  w h i c h  is m e a s u r e d  by  the  s t r e n g t h  of ou r  e c o n o m y  and  
o u r  a b i l i t y  to p r o d u c e  i s  a d i r e c t  f u n c t i o n  of the  p o w e r  and  e n e r g y  
s o u r c e s  tha t  a r e  a v a i l a b l e .  

C h a r t  9, page  2 4 . - - W h a t  a r e  t he  s o u r c e s  of e n e r g y  tha t  the  u t i l i t i e s  
r e q u i r e  to p r o d u c e  t h e s e  r e s u l t s ?  C h a r t  9 is a f a n t a s t i c a l l y  i n t e r e s t i n g  
d i a g r a m .  I hope  it  i s  r e a s o n a b l y  a c c u r a t e .  On th i s  c h a r t  the  e n e r g y  
d e r i v e d  f r o m  b u r n i n g  wood fue l  d i s a p p e a r s  a s  a f a c t o r  as  of t oday .  Ye t  
you  can  we l l  r e m e m b e r  the  u s e  of wood fue l  in  the  C iv i l  W a r  to  r u n  the  
l o c o m o t i v e s ,  the  r i v e r  s t e a m b o a t s  and  p o r t a b l e  p o w e r  and  t h e r m a l  d e -  
v i c e s .  It m u s t  be  r e m e m b e r e d  tha t  th i s  is  a c h a r t  of p e r c e n t a g e s  and  
m e r e l y  s h o w s  the  i n t e r p l a y  of fue l  e n e r g y  s o u r c e s  t h r o u g h o u t  the  100- 
y e a r  p e r i o d .  

Next  you  s e e  the  c o n t r i b u t i o n  m a d e  by  the  fue l ,  a n t h r a c i t e  c o a l .  
To a l l  i n t e n t s  and  p u r p o s e s ,  th i s  i s ,  l i k e w i s e ,  b e c o m i n g  an  i n s i g n i f i c a n t  
f a c t o r ,  e v e n  though in tons  the  f i g u r e  is  s t i l l  a s u b s t a n t i a l  one .  
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Next  we c o m e  to b i t , lm inous  coa l ,  an  a r e a  l a r g e l y  r u l e d  in r e c e n t  
y e a r s  by the  po l i cy  of J o h n  L. L e w i s  and  his  union.  Whi le  th i s  is  s t i l l  
a m a j o r  s o u r c e  of  fue l  e n e r g y ,  i t  is a l m o s t  m a t c h e d ,  c u r r e n t l y ,  by the  
c o n t r i b u t i o n  of o i l  and ,  in  turn ,  by n a t u r a l  gas .  T h e r e  is  no doubt  tha t  
i t s  p e r c e n t a g e  of the  m a r k e t  wi l l  be  u n l i k e l y  to r e g a i n  i t s  f o r m e r  s t a t u r e  
and  tha t  o i l  and gas  is  p r o v i d i n g  n e a r l y  double  the  a v a i l a b l e  e n e r g y .  

At the  top Of the  c h a r t  wi l l  be  s e e n  the  c o n t r i b u t i o n  of w a t e r p o w e r ,  
d r a f t  and  w o r k  a ~ i m a l s ,  and  m a n u a l  h , lman  l abo r .  In s p i t e  of the  po l i t -  
i c a l l y  d e v e l o p e d  w a t e r p o w e r  r e s o u r c e s ,  b a s i c  s t u d i e s  i n d i c a t e  tha t  in  
t h e  l ong  r u n  th i s  wi l l  con t inue  to supp ly  not  m u c h  m o r e  than  a t w e n t i e t h  
of our  p o w e r  n e e d s .  T a k e n  in the  con tex t  of the  a v a i l a b l e  fue l  s u p p l i e s  
fo r  the  fu tu r e ,  i t  s hou ld  be  qui te  c l e a r  t h a t  c i v i l i z a t i o n  wi l l ,  b e f o r e  too  
m a n y  g e n e r a t i o n s ,  have  to f ind new  p o w e r  s o u r c e s ,  s i n c e  the  f o s s i l  
f u e l s  r e p r e s e n t  t he  s t o r e d - u p  s u n l i g h t  of an  a n c i e n t  g e o l o g i c a l  p e r i o d  
n e a r l y  300, 000 y e a r s  ago,  and  once  b u r n e d ,  a r e  not r e p l a c e d  as  a 
n a t u r a l  r e s o u r c e .  Th i s ,  of c o u r s e ,  b r i n g s  in i m p l i c a t i o n s  of p e a c e f u l  
a t o m i c  p o w e r  and  the  r o l e  tha t  i t  wi l l  have  to p lay .  

C h a r t  10, page  2 6 . - - T h i s  c h a r t  i s  a p r o j e c t i o n  of the  u t i l i ty  i n d u s t r y .  
The  f i r s t  s o l i d  p a r t  of i t  is  the  a m o u n t  of e n e r g y  it  has  b e e n  c o m p e l l e d  
to f u r n i s h  to the  e c o n o m y .  B e y o n d  it lies" the  p r o j e c t i o n  of n e e d .  It i s  
a v e r y  i n t e r e s t i n g  fac t  tha t  e v e r y  t en  y e a r s  the  g e n e r a t i o n  of e n e r g y  by 
s u c h  u t i l i t i e s  d o u b l e s .  As we h a v e  s e e n ,  th is  has  gone  on fo r  50 y e a r s ,  
w h i c h  m e a n s  tha t  we h a v e  s o m e t h i n g  l ike  30 t i m e s  the  e n e r g y  today  tha t  
was  g e n e r a t e d  50 y e a r s  ago.  If tha t  be  t r u e ,  in t en  y e a r s  it is  go ing  to  
be  60 t i m e s  tha t  e n e r g y ,  and in t en  m o r e  y e a r s  i t  is  go ing  to  be  120 t i m e s  
as  m u c h .  Th i s  canno t  go on i n d e f i n i t e l y ,  h o w e v e r .  

S u c h  f i g u r e s  s t r e t c h  t h e  i m a g i n a t i o n .  F o r  i n s t a n c e ,  we now h a v e  
on ly  30 b i t l i on  d o l l a r s '  w o r t h  of p o w e r p l a n t s  in  e x i s t e n c e  and  t h e r e  wi l l  
be  a l ike  a m o u n t  n e e d e d  in  the  t en  y e a r s  ahead .  S i m i l a r l y ,  th i s  would  
m e a n  60 b i l l i o n  of t o d a y ' s  d o l l a r s  fo r  the  nex t  t e n - y e a r  i n c r e m e n t  if  
t h e r e  is  no c h a n g e  in  th is  " l a w . "  N e v e r t h e l e s s ,  t he  u t i l i t i e s  of the  
Un i t ed  S ta tes  h a v e  l a id  down th i s  type  of  p r o g r a m  for  t he  i m m e d i a t e  
t en  y e a r s  a h e a d  and  h a v e  c o m m i t t e d  fo r  n e a r l y  ha l f  of th i s  a m o u n t .  

C h a r t  11, page  2 7 . - - T h i g  c h a r t  s h o w s  w h e r e  the  e n e r g y  m u s t  c o m e  
f r o m .  At the  lef t  i s  t he  c o m p u t e d  r e q u i r e m e n t s  fo r  up to  the  y e a r  2050. 
Th i s  c h a r t  was  c o m p i l e d  by Dr .  A. C .  Mon te i t h  of the  W e s t i n g h o u s e  
E l e c t r i c  C o r p o r a t i o n  wh ich  has  p l a y e d  a key  p a r t  in  a t o m i c  p o w e r  d e v e I -  
o p m e n t .  R e m e m b e r i n g  tha t  the  U n i t e d  S ta tes  c o n s u m e s ,  r o u g h l y ,  25 
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p e r c e n t  of the  e n e r g y  g e n e r a t e d  in the w o r l d ,  w i th  only  1 /16  of the  
w o r l d ' s  popu la t ion ,  i t  is  obvious  tha t  shou ld  the  po in t  4 p r o g r a m  of 
the  Un i t ed  S ta tes  G o v e r n m e n t  e v e r  b e c o m e  a w o r l d  p o l i c y  and  the  
s t a n d a r d  of l i v ing  of the  m o r e  b a c k w a r d  e c o n o m i c  n a t i o n s  be b r o u g h t  
to ou r  s t a n d a r d s ,  the  i m p l i c a t i o n s  a r e ,  i n d e e d ,  s t a g g e r i n g .  

At the  r i g h t  of the  c h a r t  is  the  c a l c u l a t e d  t o t a l  of a v a i l a b l e  e n e r g y  
known to e x i s t  in  the  e a r t h ' s  c r u s t  and  b e i n g  d e v e l o p e d  by w a t e r p o w e r .  
It i n c l u d e s  the  s u m  t o t a l  of the f o s s i l  f u e l s  and  the  a s s u m p t i o n  t ha t  a l l  
of the  u r a n i u m  and  t h o r i u m  in  the  e a r t h ' s  c r u s t  wi l l  be  a v a i l a b l e  f o r  
a t o m i c  e n e r g y .  It i s  c l e a r  f r o m  th i s  c h a r t  t ha t  the  s u m  t o t a l  of t he  
f o s s i l  f u e l s ,  i f  b u r n e d  to e x t i n c t i o n ,  p lus  the  d e v e l o p e d  w a t e r p o w e r  
a d d e d  t h e r e t o ,  i s  a r e l a t i v e l y  i n s i g n i f i c a n t  p a r t  of the  t o t a l  n e e d  by  
w o r l d  c i v i l i z a t i o n ,  and  tha t  the  c a s e  fo r  a t o m i c  p o w e r  b e c o m e s  one 
m o r e  of e c o n o m i c  n e c e s s i t y  than  of e c o n o m i c  c o m p e t i t i o n .  It s h o u l d  
be  c l e a r  t ha t  w a t e r p o w e r  l o o m s  m o r e  i m p o r t a n t  t han  on the  p r e v i o u s  
fue l  e n e r g y  c h a r t ,  due  to the  f ac t  tha t  r a i n  f a l l s  e v e r y  y e a r  and ,  as  
long  as  t he  sun  f u r n i s h e s  the  e n e r g y  fo r  the  l i f t i ng  of the  w a t e r ,  i t  w i l l  
go on i n d e f i n i t e l y .  H e n c e ,  o v e r  a p e r i o d  of t i m e ,  w a t e r p o w e r  w i l l  
c a t c h  up wi th  f o s s i l  f u e l s ,  w h i c h  a r e  s t e a d i l y  b e i n g  e x h a u s t e d  and  a r e  
not  b e i n g  r e p l a c e d .  

Thus ,  i f  you  ask:  What  abou t  the  d e b a t e  a s  to w h e t h e r  a t o m i c  
e n e r g y  w i l l  c o m p e t e  wi th  c o a l ?  One c a n  say:  tha t  i s  a d e b a t e  f o r  t h e  
p e o p l e  who do not  s e e  m u c h  beyond  t h e i r  n o s e s ,  b e c a u s e  b e f o r e  long  
t h e r e  wi l l  c e a s e  to be a cho i ce ;  and  n e c e s s i t y  wi l l  s h o w  tha t  you  j o l l y  
w e l l  w i l l  h a v e  to u se  a n e w  s o u r c e  of e n e r g y .  But  e v e n  so ,  t h e  b e s t  
s o u r c e s  of i n f o r m a t i o n  r e v e a l e d  by  the  A t o m i c  E n e r g y  C o m m i s s i o n  
t o d a y  wou ld  i n d i c a t e  tha t  i f  a l l  the  u r a n i u m  and  a l l  the  t h o r i u m  p r o d u c e d  
w e r e  m a d e  in to  f u e l  it  would  b a r e l y  c a r r y  you b e y o n d  2050 o r  a t  t h e  
m o s t ,  a f ew  y e a r s  l a t e r .  

Th i s  w e e k  t h e r e  wi l l  be  a t  P h o e n i x ,  A r i z o n a ,  I b e l i e v e ,  fo r  the  
f i r s t  t i m e ,  a v e r y  n o v e l  s c i e n t i f i c  g a t h e r i n g  f o r  a s y m p o s i u m  on s o l a r  
e n e r g y .  It i s  a m a z i n g  to know tha t  the  s u n l i g h t  wh ich  f a l l s  o n  t he  r o o f  
of  y o u r  h o u s e  is  h u n d r e d s  of t i m e s  t he  a m o u n t  of e l e c t r i c  p o w e r  you  
u s e  to r u n  y o u r  e l e c t r i c  e q u i p m e n t .  The  a m o u n t  of p o w e r  f r o m  the  
s u n  w h i c h  f a l l s  on an  a c r e  of g r o u n d  in  a t e m p e r a t e  c l i m a t e  is  m o r e  
than  the  p o w e r  of a D i e s e l  l o c o m o t i v e .  But  a t  p r e s e n t  you  c a n ' t  u s e  i t .  

U n f o r t u n a t e l y ,  the  s o l a r  e n e r g y  d o e s  not  a r r i v e  in a f o r m  w h i c h  
m o d e r n  e n g i n e e r i n g  can  r e a d i l y  h a r n e s s .  Th i s  i s  not  to s a y  tha t  a b a s i c  
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s c i e n t i f i c  e n g i n e e r i n g  a p p r o a c h  to th i s  p r o b l e m  wi l l  not  be  s u c c e s s f u l .  
P l an t s  p h o t o s y n t h e t i c a l l y  s t o r e  Up the  s o l a r  e n e r g y  but  t h e i r  e f f i c i e n c y  
r a t i o  i s  only  on the  o r d e r  of 1 p e r c e n t .  Sc i en t i f i c  b r e e d i n g  has  p r o d u c e d  
p lan t  m e c h a n i s m s  tha t  can  o p e r a t e  at  2 p e r c e n t .  Whi le  th i s  is  e n c o u r a g -  
ing~ i t  i s  not  ye t  a s o l u t i o n .  Of c o u r s e ,  tha t  is only  an  e x a m p l e  of one  
a t t a c k  on th i s  p r o b l e m .  

And so  we a r e  r i g h t  back  to ou r  o r i g i n a l  p r o b l e m  aga in .  W h e r e  
wi l l  such  i d e a s  c o m e  f r o m ?  Must  we go back  to  ESrope ,  or  can  we in 
the  U n i t e d  S ta tes  s o l v e  p r o b l e m s  s u c h  as  th i s  f u n d a m e n t a l  c h a l l e n g e  to 
s c i e n c e ?  If we a r e  go ing  to be w o r l d  l e a d e r s ,  we h a v e  to s o l v e  th i s  
m a t t e r .  We h a v e  to be a l i t t l e  l e s s  m a t e r i a l i s t i c .  

In the  e a r l y  days  we found r i c h  f o r e s t s  and  v i r g i n  l a n d s  t ha t  s u p -  
p l i e d  m o r e  than  our  n e e d s .  Now we a r e  r e a c h i n g  what  t he  e c o n o m i s t s  
ca l l  the  law of d i m i n i s h i n g  r e t u r n s ,  and  to  r e v e r s e  the  t r e n d  we m u s t  
h a r n e s s  new i d e a s  f r o m  new r e s e a r c h .  

P e r h a p s  you a r e  f a m i l i a r  wi th  e x p e r i m e n t a l  h o u s e s  tha t  h a v e  b e e n  
c o n s t r u c t e d  h e r e  in the  Un i t ed  S ta te s  which  a r e  h e a t e d  s o l e l y  by s o l a r  
r a d i a t i o n .  Th i s  a p p r o a c h  is  o b v i o u s l y  in i t s  i n fancy  and  canno t  e v e n  be  
c o m p a r e d  wi th  the  p r e s e n t  s t a tu s  of e n e r g y  f r o m  a t o m i c  s o u r c e s .  A t o m i c  
e n e r g y  in  t u r n ,  wh i l e  r a p i d l y  a d v a n c i n g  t e c h n i c a l l y  today ,  canno t  c o m -  
p e t e  with the  e c o n o m i c s  of e l e c t r i c  p o w e r  f r o m  t r a d i t i o n a l  fue l s  wh ich  
h a v e  b e e n  d e v e l o p e d  s i n c e  t h e i r  i n c e p t i o n  ove r  the  p a s t  75 y e a r s  and  
now r e p r e s e n t  one  of the  m o s t  a d v a n c e d  e n g i n e e r i n g  and s c i e n t i f i c  d e -  
v e l o p m e n t s  of ou r  t i m e .  

Thus  p e o p l e  who  look at  a new  a t o m i c  p lan t  and  s a y  " t h a t  p lan t  
does  not  c o m p e t e  wi th  our  p r e s e n t  s t e a m  p o w e r p l a n t "  fa i l  to  s e e  t he  
s i g n i f i c a n c e  of c o m p a r i n g  our  f i r s t  a t o m i c  p o w e r  e n g i n e e r i n g  e f fo r t  
wi th  t h e i r  h igh ly  r e f i n e d  and d e v e l o p e d  c h e m i c a l  c o m b u s t i o n  s t e a m  
p lan t  e n g i n e e r i n g  e f fo r t .  

P e r h a p s  a good e x a m p l e  would  be  tha t  of C o m m a n d e r  W h i t t l e  and  
h i s  f i r s t  j e t  eng ine  a t t e m p t .  I was  one  of the  a i r c r a f t  i n d u s t r y  e x e c u -  
t i v e s  at  tha t  t i m e  who exh ib i t ed  s o m e  s k e p t i c i s m  b e c a u s e  of i t s  p o o r  
fue l  e c o n o m y .  How w r o n g  we w e r e !  T h e r e  h a s  r e c e n t l y  b e e n  p l a c e d  
o n e - q u a r t e r  of a b i l l i o n  d o l l a r s  w o r t h  of j e t  t r a n s p o r t  o r d e r s  by the  
h a r d h e a d e d  l e a d e r s  of the  a v i a t i o n  i n d u s t r y  who h a v e  no f e a r  tha t  t h e y  
wi l l  not  c o m p e t e  wi th  t he  t r a d i t i o n a l  p i s t o n  e n g i n e  and  the  o t h e r  m o t i v e  
p o w e r  t y p e s .  T o b e  s u r e ,  th i s  took  a g r e a t  d e a l  of r e s e a r c h  and  de -  
v e l o p m e n t .  

29 



03974 

When  G e n e r a l  Hap A r n o l d  b e c a m e  e x c i t e d  at what  he  s a w  in  
E n g l a n d ,  and  h e a r d  of what  w a s  gQing on in  G e r m a n y ,  he  o r d e r e d  
the  t u r b i n e  b r o u g h t  o v e r  to the  G e h e r a l  E l e c t r i c  C o m p a n y  to s e e  if  
t h e y  could  m a k e  it  h e r e  fo r  m i l i t a r y  p u r p o s e s .  At  tha t  t i m e  fue l  e c o n -  
o m y  was 400 p e r c e n t  w o r s e  t h a n  fo r  a t r a d i t i o n a l  a i r c r a f t  e n g i n e r .  
Many  of us in  the  i n d u s t r y  f e l t  tha t  t h e r e  j u s t  w o u l d n ' t  be  enough  fue l ,  
l o g i s t i c a l l y  s p e a k i n g ,  to  m a k e  s u c h  a weapon  e f f e c t i v e .  I, f o r  one ,  
f a i l e d  to s e e  what  r e s e a r c h  and d e v e l o p m e n t  could  do wi th  a m p l e  funds  
f r o m  m i l i t a r y  s o u r c e s .  And p e r h a p s  the  payof f  is  tha t  c o m p e t i t i v e  
m a r i t i m e  v e s s e l s  a r e  now b e i n g  bui l t  p r o p e l l e d  by  gas  t u r b i n e  d r i v e s .  

T h e r e  is  a l s o  the  g r e a t  t a s k  of p u m p i n g  o i l  and  gas 2, 000 m i l e s  
f r o m  T e x a s  to  the  N o r t h  to the  r e f i n e r y  m a r k e t s .  I t  i s  done  by  the  
gas  t u r b i n e - d r i v e n  p o w e r p l a n t s .  T h e r e  a r e  m a n y  m a n y  m o r e  a p p l i -  
c a t i o n s  tha t  a r e  c u r r e n t l y  go ing  on. T h e y  a r e  c o m p e t i t i v e .  I a m  s u r e  
you a l l  know what  the  gas  t u r b i n e  is  do ing  now, not  a l o n e  in  the  m i l i t a r y  
f i e l d  of p r o p u l s i o n ,  but  a l s o  in  c o m m e r c i a l  t r a n s p o r t a t i o n .  A l l  th i s  has  
c o m e  about  in  tha t  b r i e f  p e r i o d  b e t w e e n  1942 and  1 9 5 5 - - 1 3  y e a r s .  Who 
wan t s  to  be t  a g a i n s t  t he  nex t  13 y e a r s  on a t o m i c  p o w e r ?  

C h a r t  12, page  3 1 . - - T h i s  c h a r t  s h o w s  the  c y c l e  of a t o m i c  e n e r g y .  
At the  top  on t he  le f t  one  s e e s  the  m i n i n g  of u r a n i u m  and t h o r i u m ,  
a t o m i c  e n e r g y  r e s o u r c e s .  How m a n y  of you know tha t  h e r e  in  the  
Un i t ed  S ta tes  we p r o d u c e  on ly  a m i n o r  f r a c t i o n  of a l l  a t o m i c  e n e r g y  
r e s o u r c e s ,  ye t  i t  i s  a 1 0 0 - m i l l i o n - d o l l a r - a - y e a r  i n d u s t r y ?  You m a y  
th ink  of i t  a s  a p i ck  and  s h o v e l  e n t e r p r i s e  fo r  a bunch  of old p r o s p e c t o r s  
wi th  b e a r d s  and  G e i g e r  c o u n t e r s ,  d i g g i n g  up l i t t l e  pot  h o l e s  of u r a n i u m .  
H a r d l y  so .  In Canada  a l o n e  t h e r e  has  b e e n  c o m m i t t e d  an a n t i c i p a t e d  
275 m i l l i o n  d o l l a r s  w o r t h  of i n v e s t m e n t  in rn iues  and  r e f i n e r i e s ,  l a r g e l y  
in  one a r e a  of Canada .  Tha t  is  s o m e  m e a s u r e  of the  s i z e  of th i s  b r a n c h  
of t h e  a t o m i c  e n e r g y  i n d u s t r i e s  today .  

Next  we c o m e  to  the  o r e  b e n e f i c i a t i o n  and  the  r e f i n i n g - t o - m e t a l  
s t a g e s .  The  f i r s t  s t a g e ,  a f t e r  m i n i n g ,  of p r o d u c i n g  o r e  c o n c e n t r a t e s  
is  a l s o  done  by p r i v a t e  e n t e r p r i s e  in  the  U n i t e d  S ta tes .  H o w e v e r ,  be -  
yond  th i s  po in t  i t  has  b e e n  a G o v e r n m e n t  m 0 n o p o l y  to fake  the  o r e  con-  
c e n t r a t e s  and  p r o d u c e  u r a n i u m  m e t a l .  Th i s  i s  a v e r y  l a r g e  opera t ion~ 
i n d e e d ,  and  the  p r e s e n t  p l ans  of t he  A t o m i c  E n e r g y  C o m m i s s i o n  a r e  to 
i n v i t e  p r i v a t e  i n d u s t r y  in to  th i s  f i e ld .  A g r e a t  dea l  of r e s e a r c h  and 
d e v e l o p m e n t  wi l l  be  r e q u i r e d  in  p e r f e c t i n g  t h e s e  p r o c e s s e s  and  m a n y  
n e w  a p p r o a c h e s  h a v e  b e e n  e x a m i n e d  in  v a r i o u s  G o v e r n m e n t  l a b o r a t o r i e s .  
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The nex t  s t ep ,  of c o u r s e ,  is  the  r e a c t o r  i t s e l f .  T o w a r d  the  u p p e r  
r i g h t  the  c h a r t  i n d i c a t e s  the  m a n y  u s e s  fo r  a t o m i c  p o w e r  f r o m  r e a c t o r s .  

At  the  l o w e r  r i g h t  a r e  i n d i c a t e d  the  g a m m a  s o u r c e s  of r a d i o i s o t o p e s .  
The  Q u a r t e r m a s t e r  C o r p s  has  a v i t a l  i n t e r e s t  in  t h e s e  s o u r c e s  in  i t s  
a p p r o a c h  to the  s t o r a g e  of foods  and  the  p r e p a r a t i o n  of foods  to  f e e d  t h e  
a r m i e s .  The  oi l  i n d u s t r y  is  a l s o  l ook ing  t o w a r d  r a d i a t i o n  s o u r c e s  a s  
the  p o s s i b l e  b a s i s  of r e f i n i n g  oi l  by r a d i a t i o n  s o  a s  to  do a w a y  wi th  t h o s e  
e n o r m o u s  t h e r m a l  p l an t s  r e q u i r i n g  v e r y  h igh  p r e s s u r e .  

It was  in t he  N E P A  p r o j e c t  t ha t  I m e n t i o n e d  e a r l i e r  w h e r e  we  had  
o c c a s i o n  to w o n d e r  what  a l u b r i c a t i n g  oi l  would  do in  a r e a c t o r  u n d e r  
r a d i a t i o n .  We h i r e d  the  S t a n d a r d  Oil D e v e l o p m e n t  C o m p a n y  of C a l i -  
f o r n i a  and  d i r e c t e d  t h e m  to m a k e  s t u d i e s .  G e n t l e m e n ,  i t  was  f a n t a s t i c - -  
s e e i n g  l u b r i c a t i n g  oi l  t u r n e d  in to  wax or  r u b b e r - l i k e  s u b s t a n c e s  u n d e r  
r a d i a t i o n .  Don ' t  m i s t a k e  me ;  I d o n ' t  m e a n  p a r a f f i n  wax.  I d o n ' t  m e a n  
buna  or  bu ty l  r u b b e r .  T h e s e  a r e  b r o a d  t e r m s .  What  I do s a y  is  t ha t  
the  e f f ec t  of r a d i a t i o n  on s u c h  m a t t e r  was  to  un l ink  m a n y  of t he  c h e m i c a l  
l i n k a g e s  tha t  a r e  the  b a s e  of c o m p o u n d s  and ,  u n d e r  r a d i a t i o n  e n e r g y ,  to 
r e l i n k  t h e m .  F o r  i n s t a n c e ,  m o n o m e r s ,  l a r g e  c o m p l e x  m o l e c u l e s ,  c a n  
be  hooked  in to  p o l y m e r s ,  and  the  r e s u l t  i s  w a x e s  and  r e s i n - l i k e  s u b -  
s t a n c e s  f r o m  o i l s .  

So the  f a r s i g h t e d  oi l  c o m p a n i e s  now a r e  b u i l d i n g  r e s e a r c h  l a b o r a -  
t o r i e s  to  s e e  how f a r  t h e y  wi l l  be  a b l e  to  go. As an  e x a m p l e ,  e t h y l e n e ,  
the  b a s i c  p e t r o l e u m  s u b s t a n c e ,  when  s u b j e c t e d  to r a d i a t i o n  of the  p r o p e r  
e n e r g y  c o n t e n t ,  c an  be  c o n v e r t e d  d i r e c t l y  to p o l y e t h y l e n e .  P o l y e t h y l e n e  
is  the  p r o d u c t ,  you know,  w h i c h  is  go ing  in to  the  c o s m e t i c s  f i e l d  f o r  
p l a s t i c  b o t t l e s ,  f o r  p a c k a g i n g ,  and  fo r  m a n y  u s e s ,  i n d u s t r i a l ,  p e r s o n a l - -  
too  m a n y  e v e n  to d e s c r i b e .  

At the  l o w e r  le f t  a r e  s h o w n  the  w e a p o n s  u s i n g  a t o m i c  e n e r g y .  T h e  
c h a r t  is  of c o u r s e  h i g h l y  o v e r s i m p l i f i e d .  But  n o t i c e  how th i s  r o u g h  
s c h e m a t i c  c h a r t  d e a l s  wi th  the  p o s s i b i l i t i e s  as  t h e y  c o n c e r n  y o u r  c a p a -  
b i l i t y  fo r  w a g i n g  w a r ,  o r  the  c o u n t r y ' s  c a p a b i l i t y  of b u i l d i n g  up i t s  e c o n -  
o m y  by n e w  e n e r g y  s o u r c e s ,  n e w  t o o l s .  

C h a r t  13, page  3 3 . - - T h i s  c h a r t  i n d i c a t e s  the  s t a n d a r d  of l i v i n g  of 
the  p r i n c i p a l  c o u n t r i e s  of the  w o r l d  f r o m  the  l a t e s t  da t a  a v a i l a b l e .  
N o t i c e  the  U. S. S . R .  R u s s i a  has  b e e n  w o r k i n g  h e r  w a y  up th i s  l a d d e r ,  
and  s h e  is  we l l  on t he  way  up. N o t i c e  who is  a t  the  top,  and  who is  nex t .  
Our  d o m e s t i c  p o l i t i c a l  and  e c o n o m i c  p r a c t i c e s  f low o v e r  o u r  u n l i m i t e d  
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b o r d e r  into Canada,  and thus she  comes  m o r e  n e a r l y  to r e f l e c t  the  
A m e r i c a n  s y s t e m  than  antv o the r  coun t ry  in  the  wor ld .  Our  s y s t e m ~  
howeve r ,  does not flow over  the  Mexican  b o r d e r .  T h e r e  a r e  r e a s o n s  
fo r  this~ v e r y  powerfu l  r e a s o n s ,  m a n y  of which a r e  in  the  a r e a  of p s y -  
chology and Socia l  a f f a i r s .  

I do not m e a n  in th i s  t a lk  today  to d i scount  any  of the f i e lds  of 
k n o w l e d g e  that  p e r t a i n  to human  be ings  as  human  be ings .  We a r e  t a lk ing  
about  the p o s s i b i l i t i e s  extended to human  be ings  if  t hey  h a v e  the wi l l  
to accep t  the cha l l enge  of s c i e n c e .  I am not s a y i n g  whe the r  t hey  wi l l  
do it  or  whe the r  they  won' t .  This  cha r t  wi l l  show a v e r y  s t r a n g e  pol i t -  
i ca l  fact~ one tha t  can be r e g a r d e d  as  a po l i t i ca l  phenomenon .  

The coun t r i e s  with the h i g h e s t  economic  s t a n d a r d s  in g e n e r a l  have  
the m o s t  p a r l i a m e n t a r y f o r m s  of d e m o c r a t i c  g o v e r n m e n t  as  we unde r -  
s tand  them.  It i s  quite  r e a s o n a b l e  to suppose  tha t  th is  fac t  has  not 
e s caped  the p l a n n e r s  in the  K r e m l i n  and to it  m a y  be a s c r i b e d  the  v a s t  
a t t en t i on  g iven by t h e m  to the t r a i n i n g  of s c i e n t i f i c  and t e c h n o l o g i c a l  
e x p e r t s ,  and t o  the growth of t h e i r  bas i c  i n d u s t r i e s .  It is  t h e i r  r a p i d  
p r o g r e s s  in t h e s e  d i r e c t i o n s  which should  give us pause  to r e f l e c t  and 
to be conce rned .  

Cha r t  14, page 35 • - - I n  t h i s  c h a r t  ~s shown th i s  c o u n t r y ' s  c o m p a r i -  
son with R u s s i a  in g r o s s  na t i ona l  p roduc t ,  hence  i t s  na t iona l  de fense  
po ten t ia l .  C o m p a r e  the Uni ted  S ta tes ,  W e s t e r n  Europea and Canada ,  
with t h e i r  624 b i l l ion  d o l l a r s  of g r o s s  na t iona l  product~ a g a i n s t  the  
Soviet  bloc with only 214 b i l l i on  d o l l a r s .  I a m  not one of t hose  people  
who a r e  w o r r i e d  about whe the r  we can defend o u r s e l v e s  a g a i n s t  R u s s i a .  
This  c h a r t  is  a c o m f o r t i n g  thought  to me,  because  I be l i eve  through 
you and your  p r o f e s s i o n a l  a s s o c i a t e s  we can u t i l i ze  our great  r e s o u r c e s  
as i n t e l l i g e n t l y  as any who may wear the pro fe s s iona l  s o l d i e r ' s  un i fo rm 
a n y w h e r e .  In fact  I know you can do i t  b e t t e r .  So, with your capabi l i t ies  
and th is  m e a s u r e  of po ten t i a l  support,  I f ee l  we can p r e s e r v e  our Nation. 
Our p r o b l e m  is  to u t i l i ze  our knowledge to m a i n t a i n  the lead which we 
now have.  

Chart 
shows the 
in R u s s i a .  

15m page 3 6 . - - H e r e  is  what should concern  us. This chart  
production of eng ineer ing  graduates  in the United States and 

Since we are  a democracyj  it would be my wish that every  cltizenR 
as wel l  as  you gent lemen in the mi l i tary  s erv l ce s~  read s o m e  of the new 
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a u t h o r i t a t i v e  a n a l y s e s  tha t  a r e  now be ing  p u b l i s h e d  by l e a d i n g  scien- 
tists and educators and scientific bodies on the nature of this problem. 
We have  t o u c h e d  on it b e f o r e  in t h e s e  r e m a r k s  and  I now o n l y  w i s h  to 
add  tha t ,  f r o m  a l l  of  the  a u t h o r i t i e s  wi th  w h o m  I have  d i s c u s s e d  the  
m a t t e r ,  it s e e m s  c l e a r  tha t  the  R u s s i a n  s c i e n t i f i c  and e n g i n e e r - t r a i n e d  
g r a d u a t e s  a r e  e n t i r e l y  up to what  we ca l l  A m e r i c a n  s t a n d a r d s .  

The R u s s i a n  e n g i n e e r i n g  c u r r i c u l u m  is jus t  as  s t i f f  as  any  in  th i s  
c o u n t r y .  Don ' t  t h ink  of it in t e r m s  of  m e n  who a r e  m i d d l e - a g e d  e n g i -  
n e e r s  in  R u s s i a  today .  T h e s e  young m e n  a r e  r e a l l y  be ing  t r a i n e d .  

I am  to ld  by Dr .  J o h n  R. Dunning ,  the  D e a n  of E n g i n e e r i n g  at  
C o l u m b i a ,  with whom I have  b e e n  a s s o c i a t e d  fo r  a n u m b e r  of y e a r s  
and  who s e r v e d  on  the  a d v i s o r y  p a n e l  of  the  Jo in t  C o m m i t t e e  on  A t o m i c  
E n e r g y  of the  C o n g r e s s ,  tha t ,  in  h i s  s t u d y  of  the  R u s s i a n  e f fo r t ,  he  
f inds  tha t  t h e y  a r e  do ing  as  good a job as  we a r e .  F u r t h e r m o r e ,  he  
a d v i s e s  tha t  t h e r e  a r e  o v e r  4, 000 r e s e a r c h  i n s t i t u t i ons  in  R u s s i a .  
T h e s e  a r e  new d e v e l o p m e n t s ,  g e n t l e m e n .  T h e y  wi l l  b e a r  w a t c h i n g .  

The  R u s s i a n s  h a v e  a n o t h e r  t e c h n i c a l  l e v e l  of educa t i on .  T h u s ,  
t h e r e  a r e  300 ,000  g r a d u a t e s  on the  t e c h n i c i a n  l e v e l  who have  the  e q u i v -  
a l e n t  of two y e a r s  of  e n g i n e e r i n g .  We h a v e  v e r y  few of t h e m  in the  
U n i t e d  S t a t e s .  T h e r e f o r e ,  the  c u r v e s  on  th i s  c h a r t  do not p r e s e n t  the  
who le  s t o r y .  

C h a r t  16, page  38. - - T h i s  c h a r t  shows  the  e l e c t r i c a l  p o w e r  a v a i l -  
ab le  in  t h e s e  two s a m e  p o t e n t i a l  e n e m y  g r o u p s .  You wi l l  note  we h a v e  
950 b i l l i on  k i l o w a t t - h o u r s  to t h e i r  224 b i l l i on .  But  do r e m e m b e r  tha t  
the  Sovie t  type  of  p o l i t i c a l  m a c h i n e  can  put a h i g h e r  p e r c e n t a g e  of th i s  
p o w e r  to w o r k  fo r  d e f e n s e  and  f o r c e  i ts  p o p u l a t i o n  to c o n s u m e  l e s s .  

C h a r t  17, page  3 9 . - - T h i s  c h a r t ,  g e n t l e m e n ,  shows  a c h a l l e n g e .  
We have  in  p r e v i o u s  l e c t u r e s  d i s c u s s e d  coa l  h y d r o g e n a t i o n .  Many  of 
you know tha t  the  G e r m a n s ,  cut  off f r o m  p e t r o l e u m  r e s o u r c e s ,  m a d e  
good,  e v e n  h i g h - g r a d e ,  l u b r i c a t i n g  o i l  by  h y d r o g e n a t i n g  coa l .  We 
a r e  p r e t t y  good  at  l i f t ing  s u c h  p r o c e s s e s  f r o m  E u r o p e .  We h a v e  l i f t ed  
a g r e a t  m a n y  of t h e i r  o r i g i n a l  t e c h n i q u e s ,  as  we d id  for  the  s y n t h e t i c  
p l a s t i c s .  Mos t  of  i t  was  done ,  of  c o u r s e ,  on  a g r e e m e n t s ,  wi th  f i n a n c i a l  
b a ck ing  invo lved .  But we a r e  o f t en  i n c l i n e d  too m u c h  to t ake  the  c r e d i t  

fo r  t h e s e  t h i n g s .  
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Coal  h y d r o g e n a t i o n ,  of  c o u r s e ,  is e c o n o m i c a l l y  not of  g r e a t  i m -  
p o r t a n c e  in  A m e r i c a .  It is e n t i r e l y  c o n c e i v a b l e  i n  the  long r a n g e  tha t  
we wi l l  not be ab le  to a f fo rd  to bu rn  coa l ;  i t  is too v a l u a b l e  as  a s o u r c e  
of  r a w  m a t e r i a l .  

The  s a m e  th ing  m i g h t  be s a i d  of  both  p e t r o l e u m  and n a t u r a l  g a s .  
Al l  of  t h e s e  f o s s i l  fue l s  a r e  b a s i c  s o u r c e s  of c a r b o n  c o m p o u n d s  which ,  
in  t u rn ,  a r e  e s s e n t i a l  to ou r  f o r m  of c i v i l i z a t i o n  in  a m a t e r i a l  s e n s e  
r a t h e r  t h a n  as a s o u r c e  of e n e r g y  by c o m b u s t i o n .  

We have  a l r e a d y  e x p l a i n e d  the  r e l a t i o n s h i p  of  r a d i a t i o n  s y n t h e s i s  
as  a c h a l l e n g e  to p e t r o l e u m  r e f i n i n g  and  fo r  p o s s i b l e  p o l y m e r i z a t i o n  
t e c h n i q u e s .  Many  a s tu t e  s c i e n t i s t s  f e e l  tha t  th i s  d e v e l o p m e n t  in  a 
b r o a d  s e n s e  can  l e a d  to a l a r g e  v a r i e t y  of  new a p p l i c a t i o n s .  S i m i l a r l y ,  
u l t r a s o n i c s  is the  a p p l i c a t i o n  of the  p h y s i c a l  p h e n o m e n a  fo r  u s e f u l  
p u r p o s e s .  B e c a u s e  we do not  h e a r  such  " s o u n d s "  t h e i r  u se  has  o n l y  
r e c e n t l y  c o m e  into wide  a p p l i c a t i o n .  Such v i b r a t i o n  r a t e s  h a v e  the  
p r o p e r t y  of  k i l l i n g  b a c t e r i a ,  s h a t t e r i n g  s t r u c t u r e s ,  i n c i t i n g  and  p r o -  
m o t i n g  c h e m i c a l  r e a c t i o n s ,  and  is a v e r y  i m p o r t a n t  too l  in  the  n o n -  
d e s c r i p t i o n  t e s t i n g  of  m a t e r i a l s .  Th i s  is  a n o t h e r  s t r i k i n g  e x a m p l e  
of  the a p p l i c a t i o n  of  new k n o w l e d g e .  

C h a r t  18, page  4 1 . - - T h i s  c h a r t  r e p r e s e n t s  c e r t a i n  c a s e s  s e l e c t e d  
at  r a n d o m  s h o w i n g  new m a t e r i a l s  d e r i v e d  f r o m  bas i c  r e s e a r c h  and 
t e c h n o l o g i c a l  d e v e l o p m e n t s .  It is t o  be r e m e m b e r e d  tha t  the  w o r k  on 
s y n t h e t i c  r u b b e r  was  done  in  G e r m a n y  and  e x c h a n g e d  u n d e r  l i c e n s e  
wi th  s o m e  of ou r  l e ad ing  oi l  c o m p a n i e s .  As a p o l i t i c a l  a s i d e ,  i t  m i g h t  
be p o i n t e d  out tha t  the o i l  c o m p a n i e s  w e r e  at  one t i m e  in  s e v e r e  d i s -  
f a v o r  for  hav ing  done so .  And if  I r e c a l l  c o r r e c t l y ,  t h e y  w e r e  s l a t e d  
to have  b e e n  p r o s e c u t e d  as hav ing  a c t e d  a g a i n s t  the  publ ic  i n t e r e s t .  
N e o p r e n e  m i g h t  be s a i d  to be a s p e c i a l  r u b b e r - l i k e  m a t e r i a l  with new 
p r o p e r t i e s  d e v e l o p e d  by  an  A m e r i c a n  o r g a n i z a t i o n .  

G e n e r a l l y  s p e a k i n g ,  the  p l a s t i c s  w e r e  f i r s t  p i o n e e r e d  in G e r m a n y  
and  f r o m  t h e r e  s p r e a d  to A m e r i c a n  i n d u s t r y  wh ich  has ,  in  t u rn ,  m o v e d  
f o r w a r d  r a p i d l y  in th i s  f ie ld .  

Next  c o m e  the  f i b e r s  in which  a g r e a t  d e a l  of  f ine w o r k  has  b e e n  
done in E u r o p e  and in  the  Un i t ed  S ta t e s .  Many  o t h e r  p l a s t i c  f a m i l i e s  
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h a v e  s p r u n g  up,  the  u r e a s ,  n i t r a t e s ,  f o r m  a l d e h y d e s  , and  so  on.  One 
of  the  new and  p r o m i s i n g  f i e lds  of m e t a l l u r g y  l i e s  in  the  a r e a  of l i t t l e  
k n o w n  e l e m e n t a l  m e t a l s  and  tha t  s t r a n g e  g r o u p  of  e l e m e n t s  c a l l e d  the 
r a r e  e a r t h s .  E x a m p l e s  of  the  f i r s t  g r o u p  a r e :  t i t a n i u m ,  z i r c o n i u m ,  
h a f n i u m ,  g e r m a n i u m ,  e t c . ,  and  of the  l a t t e r  g r o u p ,  the  c e r i u m  c o m -  
pounds  and  t h e i r  a s s o c i a t e d  r a r e  e a r t h  e l e m e n t s .  

The  f i e ld  of a n t i b i o t i c s  and  s y n t h e t i c  p h a r m a c e u t i c a l s  was  p i o -  
n e e r e d ,  aga in ,  by the  G e r m a n s  and has  b e c o m e  a v e r y  l a r g e  i n d u s t r y  
in  the  U n i t e d  S t a t e s .  We h a v e  done e s p e c i a l l y  w e l l  in the  f i e l d  of  a n t i -  
b i o t i c s .  

It  is  s a i d  tha t  a new b r a n c h  of c h e m i c a l s ,  a n a l a g o u s  to the  s i l i c o n s ,  
w i l l  g ive  us n e w  m a t e r i a l s  wi th  i n t e r e s t i n g  p r o p e r t i e s .  S i l i c o n  h a s  
m a n y  of the c h a r a c t e r i s t i c s  of  c a r b o n  and  m a y  be s a i d  to l ie  b e t w e e n  
c a r b o n  and  g e r m a n i u m  in i ts  i n t e r e s t i n g  p r o p e r t i e s .  

Fiberglas is again a new and interesting field and very useful to 
the aeronautics industry as a structural material. Lastly, cellulose 
products and cellulose chemistry as an example of chemurgy, or the 
science of adapting farm products for other than food, is a challenging 
area. 

In r e v i e w i n g  the l i s t  a b o v e ,  it  s h o u l d  be c l e a r  tha t  m a n y  of  t h e m  
a r e  b y p r o d u c t s  of  the  a t o m i c  age  and  the  new a t o m i c  k n o w l e d g e  and  a r e  
e x c e l l e n t  e x a m p l e s  of the  r o l e  of f u n d a m e n t a l  r e s e a r c h ,  a p p l i e d  r e -  
s e a r c h  and  of  d e v e l o p m e n t .  

In the  m e t a l s  g r o u p ,  the  h o r i z o n s  have  e x p a n d e d  so  r a p i d l y  tha t  
many scientists refer  to the age that lies ahead as the coming "Age of 
Metallurgy. " 

I b e l i e v e  tha t ,  in  c l o s i n g  wi th  t h e s e  e x a m p l e s ,  we h a v e  f o l l o w e d  
f a i r l y  w e l l  the  s c o p e  fo r  the  l e c t u r e  wh ich  was  a s s i g n e d  to us t o d a y .  
As you m u s t  have  p e r c e i v e d  by now, the  p u r p o s e  of the  l e c t u r e  is  to 
s e r v e  as  an  i n t r o d u c t i o n  to the  s c i e n c e  and  t e c h n o l o g y  s e c t i o n  of  y o u r  
c u r r i c u l u m  and  has  m e r e l y  b e e n  d e s i g n e d  to s t r e t c h  y o u r  i m a g i n a t i o n  
and  to e x e r c i s e  it to p r e p a r e  it f o r  the  t a s k s  tha t  l ie  a h e a d .  

I hope  tha t ,  if  p o s s i b l e ,  we c a n  now s e e  the  m a n y  new h o r i z o n s  
and  the  f u n d a m e n t a l  a s p e c t s  of  the  p r o b l e m s  in  s c i e n c e  and  t e c h n o l o g y  
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w h i c h  b e a r  a c l o s e  r e l a t i o n s h i p  to your  t a sk ,  to our  s u r v i v a l  as  a 
na t i on ,  and  which ,  in c e r t a i n  c a s e s ,  poin t  t o w a r d  n e e d e d  i m p r o v e m e n t s  
in  the  A m e r i c a n  e c o n o m y  which  is the  f u n d a m e n t a l  b a s i s  fo r  ou r  d e -  
f e n s e  p o s t u r e  and,  h e n c e ,  the p r e s e r v a t i o n  of our  way of l i fe .  

QUESTION: Mr .  Ward ,  I was  v e r y  m u c h  i n t e r e s t e d  in  y o u r  d i a -  
g r a m  in  s h a d o w  which  p r e d i c t e d  the  c o m p l e t i o n  of the  supp ly  of a t o m i c  
e n e r g y  in  about  100 y e a r s .  I u n d e r s t a n d  tha t  at  the  G e n e v a  A t o m i c  
E n e r g y  C o n f e r e n c e  in  Augus t  a p a p e r  w a s  p r e s e n t e d  wh ich  i n d i c a t e d  
that ,  ff we can  l e a r n  to h a r n e s s  t h e r m o n u c l e a r  power ,  t h e r e  i s  su f -  
f i c i e n t  h y d r o g e n  in the  o c e a n  to supp ly  a l l  the  p o w e r  r e s o u r c e s  of t he  
w o r l d  fo r  an  i n d e f i n i t e  p e r i o d .  I w o n d e r  ff you want  to c o m m e n t  on 
tha t  a t  a l l .  

MR. WARD: I don ' t  r e a l l y  want  to, but I wi l l .  It i s  t r u e .  L e t ' s  
look  at  t he  p e r i o d i c  c h a r t  of the  e l e m e n t s  h e r e  on the  s t a g e .  It wi l l  be  
no t ed  that  t he  h e a v y  e l e m e n t s ,  i n c l u d i n g  the  t r a n s u r a n i c  e l e m e n t s ,  go 
up to  a p p r o x i m a t e l y  e l e m e n t  n u m b e r  100. H o w e v e r ,  the  e l e m e n t s  b e -  
yond u r a n i u m ,  n u m b e r  92~ m a y  be c o n s i d e r e d  not to be p r e s e n t  in  t he  
e a r t h ' s  c r u s t .  

Al l  e l e m e n t s  can  be  b r o k e n  down in to  a nuc l eus  and  a s e r i e s  of 
e l e c t r o n  s h e l l s  or  o r b i t s  s e p a r a t e d  in  p r o p o r t i o n  to t h e i r  p a r t i c l e  s i z e  
by e n o r m o u s  d i s t a n c e s  and  n o r m a l l y  in  v i o l e n t  mo t ion .  T h e s e  e l e m e n t a l  
p a r t i c l e s  a r e  e i t h e r  p o s i t i v e  or  n e g a t i v e  e l e c t r i c a l l y  or  a r e  n e u t r a l .  
G r a v i t a t i o n a l  a n d  e l e c t r i c a l  f o r c e s  ho ld  t h e m  t o g e t h e r ,  m u c h  as  the  
g r a v i t a t i o n a l  f o r c e s  ho ld  the  s o l a r  s y s t e m  in i t s  p r e s e n t  r e l a t i o n s h i p .  
It i s  a f ac t  of n a t u r e  tha t  the  d e g r e e  of i n s t a b i l i t y  in the  h e a v y  e l e m e n t s  
is  s u c h  that  t h e y  t end  to b r e a k  down u n d e r  the  p r o p e r  c i r c u m s t a n c e s  
in to  l i g h t e r  e l e m e n t s  p r e d o m i n a t e l y  c l o s e  to the  c e n t e r  of the  p e r i o d i c  
c h a r t ,  in the  n e i g h b o r h o o d  of s i l v e r .  In b r e a k i n g  down the  p r o c e s s  of 
f i s s i o n ,  l a r g e  s t o r e s  of  e n e r g y  a r e  y i e l d e d  c o m i n g  f r o m  the  n u c l e i  of 
the  a t o m s  which  l o s e  m a s s  in  the  p r o c e s s .  T u r n i n g  to  the  l ight  e l e -  
m e n t s ,  b e g i n n i n g  at  h y d r o g e n ,  a r e v e r s e  p h e n o m e n o n  can be s a i d  to 
o c c u r .  As  an e x a m p l e ,  h y d r o g e n  can  be bui l t  up in to  h e l i u m  by the  
p r o c e s s  b e l i e v e d  to ex i s t  in  the  sun.  In do ing  so ,  e v e n  h i g h e r  y i e l d s  of 
e n e r g y  a r e  ob t a ined  as  wi l l  be  s e e n  by t u r n i n g  to the  p r i n c i p l e s  of a t o m i c  
p h y s i c s .  

S ince ,  as  your  q u e s t i o n  i n d i c a t e s ,  t h e r e  is  a l i m i t  to the  s u p p l y  of 
f i s s i o n a b l e  e l e m e n t s  and s i n c e  t h e r e  is  a v a s t  supp ly  of h y d r o g e n  in 
p r o p o r t i o n  t h e r e t o ,  t he  i m p l i c a t i o n s  of y o u r  q u e s t i o n  a r e  c o r r e c t .  Aga in ,  
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f o r  r e a s o n s  of a t o m i c  p h y s i c s ,  the  h e a v y  h y d r o g e n ,  o r  h y d r o g e n  of 
doub le  w e i g h t  found as  an  i s o t o p e ,  and known as  d e u t e r i u m ,  i s  m o s t  
u s e f u l  fo r  th i s  p u r p o s e  and  t h e r e  a r e  v a s t  q u a n t i t i e s  of i t  in  the  w a t e r s  
of the  o c e a n .  H o w e v e r ,  a s  wi th in  the  sun  and  o t h e r  s t a r s ,  s u c h  l igh t  
e l e m e n t s  a r e  j o i n e d  t o g e t h e r  by  e n o r m o u s  g r a v i t a t i o n a l  f o r c e s  and  the  
a g i t a t i o n  of v i o l e n t  t h e r m a l  e n e r g i e s .  T h e s e  c o n d i t i o n s  a r e  not  n o r m a l l y  
to be  found on e a r t h .  

Th i s  has  b e e n  a c c o m p l i s h e d  in the  h y d r o g e n  b o m b  by u s i n g  the  
f l e e t i n g  p r e s s u r e  and  r e l e a s e  of h igh  t e m p e r a t u r e s  in the  f i r s t  m i c r o -  
s e c o n d s  a f t e r  the  d e t o n a t i o n  of the  a t o m i c  b o m b  to t r i g g e r  the  t h e r m o -  
n u c l e a r  e f f ec t .  F r o m  th is  point  on the  e n t i r e  r e l e a s e  of e n e r g y  is  so  
v i o l e n t  tha t  i t  c anno t  be  c o n t a i n e d  or  c o n t r o l l e d .  To c o n t r o l  t h i s  i s  the  
p r o b l e m  b e f o r e  r e s e a r c h .  

D r .  H o m i  Bhabha  s t a r t l e d  the  w o r l d  a t  the  G e n e v a  C o n f e r e n c e  by 
p r e d i c t i n g  tha t  the  c o n t r o l  of the  t h e r m o n u c ! e a r  p r o c e s s  wou ld  be  s o l v e d  
and  h e n c e  we cou ld  ge t  a r e g u l a t e d  r e l e a s e  of e n e r g y  f r o m  the  r e a c t i o n .  
He i n d i c a t e d  tha t  in h i s  op in ion  th i s  s h o u l d  h a p p e n  in  the  m a t t e r  of on ly  
s e v e r a l  d e c a d e s .  T h i s ,  in  t u r n ,  b r o u g h t  out  the  f ac t  tha t  the  U n i t e d  
S ta t e s  i s  now e n g a g e d  in s u c h  r e s e a r c h .  But  a u t h o r i t a t i v e  s t a t e m e n t s  
of a g u a r d e d  n a t u r e  m a d e  by  ou r  a u t h o r i t i e s  s t a t e  tha t  th i s  has  not  b e e n  
s o l v e d  in a p r a c t i c a l  m a n n e r  as  of t o d a y  and i t  i s  a t a s k  of v a s t  d i f f i c u l t y .  

To get  ou r  p e r s p e c t i v e  in  o r d e r ,  h y d r o g e n  as  you s e e  it  on the  
p e r i o d i c  c h a r t  ha s  an  a t o m i c  we igh t  of 1. 008, w h e r e a s  h e l i u m  h a s  a 
w e i g h t  of 4 . 0 0 3 .  If  you cou ld  c o m p r e s s  in a t h e r m o n u c l e a r  s e n s e  f o u r  
a t o m s  of h y d r o g e n  you would  h a v e  an  a t o m i c  w e i g h t  of 4 . 0 3 2  and  i f  i t  
r e s u l t e d  in  a f o r m a t i o n  of an  a t o m  of h e l i u m  t h e r e  would  be  a l o s s  in  
m a s s  o f .  029 m a s s  un i t s .  Subs t i t u t i ng  th i s  in  the  e q u a t i o n ,  E = m C  Z 
with  pounds  f o r  m a s s  un i t s ,  you can  r e a d i l y  c o m p u t e  tha t  you  would  
have  the  m o s t  e n o r m o u s  r e l e a s e  of e n e r g y  p r e s e n t l y  a v a i l a b l e  to s c i e n c e  
and  m u c h  m o r e  po ten t  t han  the  e q u i v a l e n t  r e l e a s e  of e n e r g y  in  the  f i s -  
s i on  r e a c t i o n  of u r a n i u m  o r  p l u t o n i u m .  

Thus ,  D r .  Bhabha  was  r i g h t  and  the  on ly  t r i c k  in h i s  s t a t e m e n t  l i e s  
in t he  f ac t  t ha t  no one,  ye t ,  is  known who can  s o l v e  how to c o n t r o l  th i s  
v i o l e n t  r e a c t i o n  o c c u r r i n g  in m i c r o s e c o n d s  a t  t e m p e r a t u r e s  of  m i l l i o n s  
of d e g r e e s  c e n t i g r a d e ,  and  s t i l l  r e m a i n  a r o u n d  to o b s e r v e  the  r e s u l t s .  

QUESTION: M r .  W a r d ,  you s c a r e d  us a l i t t l e  bi t  in  s a y i n g  tha t  we  
a r e  go ing  to r u n  out of the  c o n v e n t i o n a l  s o u r c e s  of e n e r g y .  I would  j u s t  
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l i ke  t o  s e e  if  I u n d e r s t o o d  i t  c o r r e c t l y .  As  I s aw the  c h a r t ,  w i th in  100 
y e a r s  Our p r e s e n t  c o n v e n t i o n a l  s o u r c e s  wi l l  supp ly  us only  about  t en  
p e r c e n t  of our  e n e r g y .  Now, in a l l  of the  o t h e r  p r e d i c t i o n s  I have  
h e a r d - - I  won ' t  ca l l  it  o p t i m i s m - - b u t  the  l a r g e s t  c o n s u m p t i o n  has  shown  
s o m e t h i n g  in the  o r d e r  of at  l e a s t  200 y e a r s  or  m o r e  of a v a i l a b l e  e n e r g y  
f r o m  coal .  A qu ick  c a l c u l a t i o n  shows  tha t  the  doub l ing  of e n e r g y  e v e r y  
t en  y e a r s  in your  p r e d i c t i o n  wi l l  exhaus t  the  f o s s i l  s o u r c e s  m u c h  s o o n e r  
than  is  c o m m o n l y  e x p e c t e d .  You m a y  be r i gh t ,  of c o u r s e ,  s i r .  I won-  
d e r  ff you would  t r y  to u n s c a r e  us a l i t t l e  b i t .  

MR. WARD: A f a i r  q u e s t i o n .  We a r e  d i s c u s s i n g  a s t a t i s t i c a l  ex -  
h ib i t  wi th  a l l  the  l i m i t a t i o n s  tha t  we have  i m p o s e d  on s t a t i s t i c i a n s  and  
t h e i r  a r t .  The  c h a r t  was m a d e  by an  a u t h o r i t y ,  Dr .  A. C. Mon te i th ,  
who is  h e a d  of the  N u c l e a r  E n e r g y  D e p a r t m e n t  of W e s t i n g h o u s e  E l e c t r i c ,  
an  a u t h o r i t y  in th i s  f i e ld .  What  a r e  h i s  a s s u m p t i o n s ?  What w e r e  the  
a s s u m p t i o n s  of the  g e n t l e m a n  w h o m  you quo ted  as to the  fac t  tha t  coa l  
wi l l  l a s t  so  m u c h  l o n g e r ?  You r e c a l l  how e x p o n e n t i a l l y  the  d e m a n d  fo r  
e n e r g y  is  go ing  to r i s e  not  on ly  in the  Un i t ed  S ta tes  a l o n e  but t h r o u g h o u t  
the  w o r l d .  P e o p l e  s a y  tha t  the  c a u s e  of wa r  is  the  unequa l  r e s o u r c e s  of 
d i f f e r e n t  na t i ons  and  the  envy  tha t  t h e y  exc i t e .  S i m i l a r l y ,  our  poin t  4 
was  to h e l p  b r i n g  f o r e i g n  s t a n d a r d s  m o r e  n e a r l y  up to o u r s .  

J u s t  th ink  of the  a m o u n t  of coa l  that  m u s t  be  b u r n e d  if  the  r e s t  of 
the  w o r l d  c o m e s  up to the  A m e r i c a n  l e v e l  of p r o s p e r i t y  l If t h e y  and  we 
a r e  to doub le  e v e r y  t en  y e a r s - - a n d  you a r e  e n t i t l e d  to  y o u r  own p r e d i c -  
t ion  in tha t  r e g a r d - - I  s u s p e c t  tha t  Dr .  M o n t e i t h  m a y  have  r a t i o n a l i z e d  
h i s  c a s e  by p r o d u c i n g  the  s t a t i s t i c s  tha t  I have  shown  in  our  c h a r t .  

On the  o t h e r  hand,  s o m e o n e  i n t e r e s t e d  in the  coa l  i n d u s t r y ,  and  not  
i n t e r e s t e d  in n u c l e a r  p o w e r  and  not  a g r e e i n g  wi th  s o m e  of us tha t  coa l  
is  go ing  to be m o r e  v a l u a b l e  as  a s o u r c e  of c h e m i c a l  c o m p o u n d s  than  
fo r  fuel ,  can  m a k e  d i f f e r e n t  a s s u m p t i o n s  and a r r i v e  a t  a v e r y  d i f f e r e n t  
c o n c l u s i o n .  And now, we a r e  back ,  in  a m a n n e r  of s p e a k i n g ,  to the  
fac t  tha t ,  ff we t r y  to  be e c o n o m i s t s  and l ay  our  p r e d i c t i o n s  end  to  end ,  
we would  r e a c h  no  c o n c l u s i o n .  Do not  f o r g e t  tha t  f o s s i l  f ue l s ,  and 
c e r t a i n l y  coal ,  get  m o r e  and m o r e  d i f f i cu l t  to  e x t r a c t  and th i s  is  t he  
n a t u r e  of the  p r o b l e m  in  G r e a t  B r i t a i n .  

I a m  i n f o r m e d  tha t  G r e a t  B r i t a i n  has  l a r g e  un tapped  coa l  r e s o u r c e s  
but  the  s e a m s  a r e  v e r y  th in  and h e n c e  e x p e n s i v e  to m i n e  and  the  supp ly  
of m i n e r s  i s  b e c o m i n g  m o r e  l i m i t e d .  So tha t  what  do we f ind?  Eng l and  
has  t oday  e m b a r k e d  upon a p r o g r a m  for  m a k i n g  a l l  of h e r  f u t u r e  p o w e r  
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developments so that they will be atomic fueled. And so today she has 
a two billion dollar nuclear program laid out without regard to any coal- 
fired plants. 

As you know, t h e y  o p e r a t e  t h r o u g h  an E l e c t r i c i t y  B o a r d  w h i c h  in  
t h e i r  c o u n t r y  is  a g o v e r n m e n t a l  m o n o p o l y .  T h e r e  is no i n t e r p l a y  of 
c o m p e t i t i v e  f o r c e s .  I was  f o r t u n a t e  in  m e e t i n g  and  t a l k i n g  wi th  L o r d  
W a l t e r  C i t r i n e ,  the  head  of B r i t i s h  U t i l i t i e s ,  and he  s a i d  tha t  t h e i r  coa l  
s e a m s  w e r e  g e t t i n g  to be u n m i n a b l e  and tha t  t h e i r  p e o p l e  d o n ' t  w i s h  to 
w o r k  in the  m i n e s .  Thus  you s e e  two f a c t o r s  at  work :  (1) e c o n o m i c s ;  
and  (2) the  f r e e  c h o i c e  of f r e e  p e o p l e  to w o r k  w h e r e  and  how t h e y  w i s h .  

A few w e e k s  ago I was  in one of the  m o s t  m o d e r n  of P e n n s y l v a n i a  
coa l  m i n e s .  I d i s c o v e r e d  t h e r e  s e v e r a l  m i n e s  wi th  wide  s e a m s  and  
m i n e s  wi th  n a r r o w  s e a m s .  T h e y  m u s t  be  w o r k e d  d i f f e r e n t l y .  To e m -  
p h a s i z e  the  h u m a n  f a c t o r  I l e a r n e d  tha t  m i n e r s  who w o r k  in the  n a r r o w  
s e a m s  and  have  to squa t  a l l  day  wi l l  not  w o r k  in  the  m i n e s  wi th  t h i c k  
s e a m s  w h e r e  t h e y  can  s t a n d  up. T h e y  l i ke  to squa t !  

What  is the  po in t?  The  poin t  is  tha t  in  E n g l a n d  you c a n ' t  e v e n  s q u a t  
any  m o r e .  The  s e a m s  a r e  too th in  and  a r e  g e t t i n g  w o r s e ,  I a m  to ld .  It 
is  not  tha t  t hey  do not  w i sh  to m e c h a n i z e ,  b e c a u s e  t h e y  c l a i m  tha t  e v e n  
m e c h a n i z a t i o n  does  not s o l v e  t h e i r  p r o b l e m  e c o n o m i c a l l y .  L i k e w i s e ,  
the  E n g l i s h  sons  of E n g l i s h  m i n e r s  s e e m  to be t u r n i n g  a w a y  f r o m  the  
m i n e s  as  an  o c c u p a t i o n  fo r ,  p e r h a p s ,  m o r e  p l e a s u r a b l e  t a s k s .  H o w e v e r ,  
the  P o l i s h  and I t a l i a n  m i n e r s  who a r e  s u r p l u s  in t h e i r  c o u n t r i e s  and  
would  l ike  to c o m e  to E n g l a n d  a r e  f o r b i d d e n  to do so  by the  p o l i t i c a l  
p o w e r  of the  B r i t i s h  un ions .  

Now, h a v i n g  e x a m i n e d  so  m a n y  of the  f a c t o r s  tha t  a r e  i n v o l v e d ,  i t  
is  only f a i r  to s a y  tha t  s o m e o n e  m u s t  p l a c e  an  e s t i m a t e  upon the  a m o u n t  
of coa l  in the  c r u s t  of the  e a r t h  and the  p o r t i o n  of it tha t  can  be  e c o n o m -  
i c a l l y  m i n e d ,  and t hen  b r i n g  in the  q u e s t i o n  at  s o m e  f u t u r e  da t e  as  to 
when  it wi l l  be too v a l u a b l e  to u se  as  a fue l .  Th i s  g ives  us p l e n t y  of 
r o o m  fo r  D r .  M o n t e i t h ' s  v i ew,  the  v i e w  that  you  c i t e d  in y o u r  q u e s t i o n ,  
and also for your own interpretation. 

I am very pleased that the question points to a possible fallacy in 
one of our exhibits. This shows the critical attitude and I will now 
leave with you the question of whether Dr. Monteith is right or wrong 
and whether England is wrong in laying down two billion dollars from 
its economy, more restricted than our own, to base all of their future 
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needs  on a tomic  g e n e r a t e d  power  r a t h e r  than on an  ex t ens ion  of t h e i r  
~ o a l - b u r n i n g  p o w e r - p r o d u c i n g  i n d u s t r y .  

QUESTION: Mr .  Ward ,  you ind ica ted  tha t  in  addi t ion  to the  t ech -  
no log ica l  deve lopmen t s  tha t  hold p r o s p e c t s  for  the fu tu re  you had s o m e  
o t h e r s  you might  t e l l  us about.  Would you? 

MR. WARD: It i s  a lwa ys  d i f f icul t  to a n s w e r  a ques t ion  such  as  
th i s  because  of the l im i t ed  t i m e  ava i l ab l e .  P e r h a p s  I can d raw  f r o m  
a p r o j e c t  in  which m y  own company  is  deep ly  i n t e r e s t e d .  Back  in  1938, 
at  Co lnmbia  U n i v e r s i t y ,  two Ph.  D. ' s  Were cur ious  about  what happens  
in an e l e c t r i c  a r c  d i s c h a r g e  as  the  c u r r e n t  i s  i n c r e a s e d  beyond the  l i m i t s  
of m o d e r n  technology.  

Othe r  i n v e s t i g a t i o n s  had,  f r o m  t i m e  to Ome,  g iven s o m e  thought  
to th i s  p r o b l e m  but r a p i d l y  g iven up t h e i r  i n t e r e s t  when they  found tha t  
t h e r e  was no way of p r e v e n t i n g  the a r c  e l e c t r o d e s  f r o m  be ing  c o n s - r e e d .  
Thus  m o s t  a l l  a r c s  for  m e t a l l u r g i c a l  or  o the r  pu rpose s  ope ra t e  be low 
3700 d e g r e e s  c e n t i g r a d e .  

Mr .  P r e s t o n  B a s s e t t ,  an  of f ic ia l  of the  S p e r r y  C o r p o r a t i o n  and a 
f o r m e r  a s s o c i a t e  and founder  of tha t  g r e a t  company,  did s o m e  w o r k  in  
th i s  f ie ld ,  among  m a n y  o t h e r s ,  only to be d i s i n t e r e s t e d  when i t s  l l m i -  
r a t i o n s  b e c a m e  a p p a r e n t .  

It i s  now found, however ,  that  th i s  so -cAl led  i m p r a c t i c a l  a r e a  of 
ope ra t ion  f u r n i s h e s  a new e n v i r o v m e n t  ava i l ab l e  for  r e s e a r c h  at  v e r y  
h igh t e m p e r a t u r e s  beyond w h e r e  m a t e r i a l s  can  ex i s t  excep t  in  such  
f o r m  that  t hey  m a y  ex i s t  upon the s u r f a c e  of the  sun. Under  t h e s e  
condi t ions ,  a t o m s  a r e  h igh ly  ion ized  and in a vapo r  s t a t e  of g r e a t  ag i -  
ta t ion .  

This  led  the  two s c i e n t i s t s  I men t ioned  into an a r e a  w h e r e  t hey  
pa ten ted  s o m e  of t he i r  new d i s c o v e r i e s ,  which we a r e  now e a r n e s t l y  
r e d u c i n g  to p r a c t i c a l  p o s s i b i l i t i e s .  We have  in mind  p r e s e n t l y  tha t  
t h e i r  p r o c e s s  m a y  so lve  one of the  g r e a t  s h o r t a g e s  in our  A m e r i c a n  
e c o n o m y  w h e r e  we have had to i m p o r t  f r o m  fo r e ign  s o u r c e s ,  over  long 
wa te r  r o u t e s ,  a n e c e s s a r y  m i n e r a l  r e q u i r e d  by our  m e t a l l u r g i c a l  i ndus -  
t r i e s .  In the event  of a l l - o u t  war ,  that  s h o r t a g e  could work a g a i n s t  us 
v e r y  much  as  t h e  i m p o r t a t i o n  of bauxi te  for  a luw~num produc t ion  did in 
W o r l d  War  H. Hence ,  We be l i eve  tha t  t h e r e  i s  a s t r o n g  na t iona l  i n t e r e s t  
in  such  a so lu t ion .  
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T h e r e  is a l r e a d y  a c o m m i t t e e  in C o n g r e s s  c o n c e r n e d  wi th  th i s  
p r o b l e m  and they  have  t r i e d  m a n y  s o l u t i o n s .  Many o t h e r  e x p e r i m e n t e r s  
a r e  at  w o r k  on c o m p e t i t i v e  p r o c e s s e s  fo l lowing  m u c h  m o r e  t r a d i t i o n a l  
l i n e s .  As would be expec t ed ,  we do have  s o m e  n a t i v e  o r e s  of the  m a t e -  
r i a l  but t h e y  h a v e  p r o v e n  to be low g r a d e  and  e x p e n s i v e  to e x t r a c t .  
S ince  m a t e r i a l s  a r e  not  in  a " c h e m i c a l  s t a t e "  in  the  e n v i r o n m e n t ,  we 
have  i n d i c a t e d  tha t  th is  new p r o c e s s  p r e s e n t s  a n o v e l  s o l u t i o n  or  a t t a c k  
on the  p r o b l e m .  N a t u r a l l y ,  m a n y  o t h e r  q u e s t i o n s  h a v e  b e e n  r a i s e d  and  
it  is  our  f i r m  b e l i e f  that  t h e r e  wi l l  be  an e x t e n s i o n  in ou r  c h e m i s t r i e s  
in to  the  p h y s i c a l - c h e m i c a l  r e a l m s  of v e r y  h igh  t e m p e r a t u r e s  fo r  wh ich  
t h e r e  a r e ,  today ,  no e x i s t i n g  da ta .  

The  r e c e n t  s y m p o s i u m  on s o l a r  e n e r g y  h e l d  at  P h o e n i x ,  A r i z o n a ,  
d e v o t e d  a g r e a t  m e a s u r e  of i t s  a t t e n t i o n  to t e m p e r a t u r e  r a n g e s  m u c h  
above  t h o s e  now a v a i l a b l e  and  which  could  be u s e d  fo r  con t inuous  p r o c -  
e s s i n g .  

T h e s e  a r e  new c h a l l e n g e s  fo r  s c i e n c e .  A r e c e n t  ed i t i on  of the  
" S c i e n t i f i c  A m e r i c a n "  d e v o t e d  to i t s e l f  to h e a t  and,  in  p a r t i c u l a r ,  the  
r e a l m  of h i g h e r  t e m p e r a t u r e s  than  t h o s e  now a v a i l a b l e .  I r e a l i z e  th i s  
is  on ly  a s i n g l e  e x a m p l e  in a n s w e r  to y o u r  q u e s t i o n  but ,  as  you s e e ,  
the  m e r e  m e n t i o n  by t i t l e  would  be qu i te  unconv inc ing .  

QUESTION: Mr.  Ward ,  wi th  r e s p e c t  to  b a s i c  r e s e a r c h ,  what  can  
we do to e n c o u r a g e  th is  a t m o s p h e r e  which  you i n d i c a t e d  the  E u r o p e a n  
c o u n t r i e s  h a v e  in g r e a t e r  m e a s u r e  than  we do?  

MR. WARD: Tha t  i s  a w o n d e r f u l  q u e s t i o n .  S o m e  day  you s h o u l d  
ge t  s o m e  b e t t e r  e q u i p p e d  s c i e n t i s t  t han  m y s e l f  to t e l l  you the  a n s w e r .  
But  h e r e  is  m y  a n a l y s i s .  

If you a r e  an  i n d u s t r i a l i s t ,  fo r  i n s t a n c e ,  you a r e  bound to be c a l l e d  
upon for  m a n y  s p e e c h e s  and  to t ake  p a r t  in  v a r i o u s  c iv i c  a c t i v i t i e s .  You 
b e c o m e  an i m p o r t a n t  c h a r a c t e r - - d e p e n d i n g ,  of c o u r s e ,  upon the  s i z e  and  
p r o m i n e n c e  of y o u r  f i r m .  To m a n y  peop l e  s u c h  an  i n d i v i d u a l  b e c o m e s  
an  a u t h o r i t y  not m e r e l y  in  h is  own f i e ld  but  on o t h e r  s u b j e c t s ,  f r o m  
r u n n i n g  o u r  G o v e r n m e n t ,  t h r o u g h  that  of the  D e p a r t m e n t  of D e f e n s e ,  to 
b r i n g i n g  up c h i l d r e n  or ,  in fac t ,  s o l v i n g  m a n y  of the  c o m p l e x  q u e s t i o n s  
i n v o l v e d  in  ou r  e c o n o m y .  

But  on the  o t h e r  hand,  if  you a r e  m e r e l y  a p r o f e s s o r ,  l e t  us say ,  in  
h i g h e r  m a t h e m a t i c s ,  no m a t t e r  what  y o u r  s t a t u r e  m a y  be ,  i t  is  u n l i k e l y  
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tha t  you  wi l l  be  c a l l e d  upon by l o c a l  C h a m b e r s  of C o m m e r c e  to  m a k e  
t h e i r  a n n u a l  a d d r e s s e s .  It m i g h t  a l s o  be  s a i d  tha t  the  s a l a i - i e s  wou ld  
not  a t  a l l  be c o m m e n s u r a t e  one  wi th  the  o t h e r .  

A g a i n  on the  o t h e r  hand ,  m e n  who a r e  d e s t i n e d  to d e v o t e  t h e i r  l i v e s  
t o w a r d  t h e  e x t e n s i o n  of k n o w l e d g e ,  w i thou t  a d i r e c t  m o t i v a t i o n  a s  to 
how t h e y  wi l l  a p p l y  i t  to m a k e  m o n e y ,  a r e  on ly  l i k e l y  to be  s t i m u l a t e d  
w h e r e  t h e r e  i s ,  in  r e t u r n ,  a kudos  w h i c h  s e r v e s  to c o m p e n s a t e  t h e m .  
Th i s  i s  a f u n d a m e n t a l  of h u m a n  n a t u r e  and ,  u n f o r t u n a t e l y ,  we  do not  
g e n e r a l l y  f u r n i s h  s u c h  a f a v o r a b l e  a t m o s p h e r e  or  c l i m a t e  h e r e  in o u r  
c o u n t r y ,  w h e r e  our  m e a s u r e  of s u c c e s s  t e n d s  to be  m a t e r i a l i s t i c .  

I m i g h t  t a k e  as  an  e x a m p l e  an  i n c i d e n t  w h i c h  was  r e p o r t e d  s o m e -  
wha t  fu l ly  in " T h e  N e w  Y o r k  T i m e s . "  As m a n y  of you  know " T h e  N e w  
Y o r k  T i m e s "  is  one  of the  few n e w s p a p e r s  tha t  p r e t e n d s  to do a job 
in the  f i e l d  of s c i e n c e  r e p o r t i n g .  The  T i m e s  had  f o l l o w e d  the  c a r e e r  
of D r .  E i n s t e i n  f r o m  the  t i m e  he  l a n d e d  h e r e  in New Y o r k .  It had  p r e -  
s e n t e d  in i t s  c o l u m n s  the  p r o b l e m  to w h i c h  he  was  d e d i c a t i n g  the  l a t t e r  
y e a r s  of h i s  l i f e - - t h e  d e v e l o p m e n t  of a s e t  of e q u a t i o n s  w h i c h  would  ex-  
p l a i n  the  b e h a v i o r  of a l l  m a t t e r  and e n e r g y  t h r o u g h o u t  the  u n i v e r s e .  

A f t e r  a n u m b e r  of a t t e m p t s  he  p r o d u c e d  his  f ina l  e q u a t i o n s ,  I b e -  
l i e v e  in  1953, but a l a s ,  no one w a s  ab l e  to s o l v e  t h e m ,  i n c l u d i n g  D r .  
E i n s t e i n  h i m s e l f .  

Now le t  us t u r n  to H u n g a r y  w h e r e  the  R u s s i a n s ,  a f t e r  t a k i n g  o v e r  
the  g o v e r n m e n t ,  found  tha t  the  H u n g a r i a n s  f a i l e d  to be  i m p r e s s e d  by  
the  c h a r a c t e r  of t h e i r  p o l i t i c a l  l e a d e r s  put in  by the  K r e m l i n .  In an  
e f f o r t  to  bu i ld  up the  p r e s t i g e  of t he  H u n g a r i a n  p a r l i a m e n t ,  the  K r e m l i n  
l ooked  f o r  a m a n  of p r o m i n e n c e  in  the  n a t i o n  and  p i c k e d  on the  p r o f e s -  
s o r  of h i g h e r  m a t h e m a t i c s  a t  t he  g r e a t  U n i v e r s i t y  of P r a g u e .  H e r e ,  
a l r e a d y  you can  s e e  tha t  a n y  s i m i l a r i t y  wi th  A m e r i c a n  c u s t o m s  has  
b r o k e n  down.  

Th i s  d i s t i n g u i s h e d  m a n ,  a f t e r  a b r i e f  s e r v i c e  in the  p a r l i a m e n t ,  
c o n v i n c e d  h i m s e l f  t ha t  he  was  b e i n g  u s e d ,  and  tha t  he  was  not  h a v i n g  
a n y  e f f ec t  on the  c a p t i v e  g o v e r n m e n t  tha t  was  e i t h e r  to h is  o r  h i s  n a -  
t i o n ' s  c r e d i t .  In the  u s u a l  m a n n e r  h e  m a n a g e d  to  e s c a p e  f r o m  h i s  n a -  
t i ve  land  and ,  f i nd ing  tha t  he  m u s t  e a r n  a l i v i n g  e l s e w h e r e ,  he  c a m e  
to o u r  s h o r e s  w h e r e  he  o b t a i n e d  a job as  p r o f e s s o r  of a d v a n c e d  m a t h -  
e m a t i c s  a t  I n d i a n a  U n i v e r s i t y ,  a t  wha t  the  T i m e s  r e p o r t e d  to be  a v e r y  
m o d e s t  s a l a r y .  I f e e l  qu i te  c e r t a i n  tha t  t h e r e  w e r e  v e r y  few A m e r i c a n s  
who r e a l i z e d  tha t  s u c h  a d i s t i n g u i s h e d  m a n  had  c o m e  to ou r  s h o r e .  
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It t u r n s  out tha t  a f t e r  the  E i n s t e i n  e q u a t i o n s  w e r e  p u b l i s h e d  in  
s c i e n t i f i c  p e r i o d i c a l s ,  one day ,  the  p r o f e s s o r  a t  Ind iana  d e v e l o p e d  
t h e i r  so lu t ion .  S ince  Dr .  E i n s t e i n  h i m s e l f  had  f a i l ed ,  th i s  was a s e n -  
s a t i o n  in  i v o r y  t o w e r  c i r c l e s .  The  T i m e s  p i c k e d  up th i s  i t e m  and went  
out to i n t e r v i e w  the  p r o f e s s o r .  I r e c a l l  qu i t e  c l e a r l y  tha t  the  a r t i c l e  
quo ted  the  c o r r e s p o n d e n t  as  say ing:  " P r o f e s s o r ,  you m u s t  be a g e n i u s .  
To wh ich  wi th  t r u e  h u m i l i t y ,  t he  p r o f e s s o r  r e s p o n d e d :  "Oh,  no.  Dr .  
E i n s t e i n  is  a gen iu s ,  I a m  a m a t h e m a t i c i a n .  " 

As m o s t  of you know, th is  is not  an a c a d e m i c  q u e s t i o n  and  the  
m o r a l  is  f a i r l y  c l e a r .  P e r h a p s  we shou ld  f i r s t  t r y  to s e e  what  a r e  the  
i s s u e s  i n v o l v e d :  Dr .  E i n s t e i n ,  in b r i n g i n g  out h i s  f i r s t  o r  S p e c i a l  
T h e o r y  of R e l a t i v i t y  in 1905, m e t  with no f a v o r  a m o n g  the  p h y s i c i s t s  
and  s c i e n t i s t s  in g e n e r a l  and  it was not  unt i l  he  p r e d i c t e d  an e v e n t  
wh ich  had  n e v e r  b e e n  o b s e r v e d ,  and which  was s u b s e q u e n t l y  o b s e r v e d  
and  found to be  t r u e ,  that  h is  t h e o r y  r e c e i v e d  wide  a c c l a i m .  I a m  to ld  
t h i s  took  16 y e a r s  and tha t  the  e v e n t  was  a p r e d i c t i o n  tha t  at  t he  nex t  
to ta l  e c l i p s e  the  s t a r s  in  the  d a y t i m e  would  be found to be  p o s i t i o n e d  
not  w h e r e  the  s t a r  m a p s  c a l c u l a t e d  t h e m  to be,  i f  t h e y  w e r e  n e a r  the  
sun  at  the  t i m e  of the  e c l i p s e .  He c a l c u l a t e d  the  exac t  d i s p l a c e m e n t .  
P h o t o g r a p h i c  o b s e r v a t i o n s  in B r a z i l  c o n f i r m e d  h i s  c a l c u l a t i o n s  wh ich  
w e r e  b a s e d  on t he  fac t  tha t  a l igh t  r a y ,  t h r o u g h  E ' -mC 2, i s  a l s o  m a s s  

and  as  s u c h  would  be  a f f e c t e d  by the  g r a v i t a t i o n a l  pul l  of t h e  sun  a n d  
would  c a u s e  the  r a y s  to bend  as  t h e y  c a m e  a r o u n d  the  r i m  of the  sun .  
An a s t r o n o m e r  l ook ing  up the  r a y  would,  t h e r e f o r e ,  s e e  the  s t a r  f r o m  
t h e  b e a m  of l igh t  at  a p o s i t i o n  in the  d i r e c t i o n  which  he  was look ing ,  not  
r e a l i z i n g  tha t  the  l ight  had  c o m e  to  h i m  on a c u r v e  a r o u n d  t he  sun .  Th i s  
a c c o u n t e d  fo r  the  d i s p l a c e m e n t  and  the  c a l c u l a t i o n  was b a s e d  on t he  
g r a v i t a t i o n a l  pul l  of the  " m a s s "  of t he  r a y  of l igh t  f r o m  the  s t a r .  How-  
e v e r ,  t h e s e  e q u a t i o n s  f a i l e d  to t ake  in to  a c c o u n t  s u c h  th ings  as  the  g r a v -  
i t a t i o n a l  f i e l d  and  th is  was  d e a l t  wi th  in the  1916 E i n s t e i n  T h e o r y  of 
G e n e r a l  R e l a t i v i t y .  H o w e v e r ,  the  e l e c t r o m a g n e t i c  f i e l d s  d id  not  y i e l d  
to t h e s e  equa t i ons  and  Dr .  E i n s t e i n  f e l t  tha t  un t i l  h i s  b a s i c  e q u a t i o n s  
could  i n c l u d e  t h e s e  p h e n o m e n a  a l so ,  it cou ld  be s a i d  t h e y  did not  r e p -  
r e s e n t  the  f u n d a m e n t a l  b e h a v i o r  of our  p h y s i c a l  e n v i r o n m e n t .  It was  
t h e s e  l a t t e r  equa t i ons  wh ich  he  d e r i v e d  and  cou ld  not  so lve .  

What  c i v i l i z a t i o n  in  the  f u t u r e  wi l l  a s c r i b e  to the  va lue  of t h i s  
q u a n t i t a t i v e  k n o w l e d g e  of the  u n i v e r s e  is  d i f f i cu l t  to f o r e c a s t .  But,  I 
b e l i e v e ,  i t  i s  f a i r  to s a y  tha t  in  the  long  h i s t o r y  of m a n k i n d  i t  wi l l  s t a n d  
out f a r  b e y o n d  the  n u m b e r  of c a k e s  of soap  p r o d u c e d  by the  m y t h i c a l  
i n d u s t r i a l i s t  w h o m  we c i t e d  as  b e c o m i n g  a t y p i c a l  h e r o  in  our  p r e s e n t -  
day  e c o n o m y .  
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Your  q u e s t i o n  d e a l s  wi th  how we wi l l  p r o d u c e  the~e  m e n .  My 
a n s w e r  is  tha t  it i s  u n l i k e l y  tha t  we wi l l  p r o d u c e  such  p e o p l e  un t i l  you 
and  I and the  r e s t  of us A m e r i c a n s  c e a s e  c a l l i n g  such  peop l e  " e g g h e a d s , "  
" l o n g h a i r s , "  and  the  l ike ,  and v i e w  t h e m  with the  s a m e  r e s p e c t  and  g ive  
t h e m  the  s a m e  e n c o u r a g e m e n t  tha t  we r e n d e r  today  to the  p r a c t i c a l  m a n  
of a f f a i r s .  

C O L O N E L  WALKER: I w i sh  we could  con t inue  ou r  d i s c u s s i o n ,  Mr .  
Ward .  It has  i n d e e d  b e e n  a g r e a t  p l e a s u r e  to have  you wi th  us a g a i n  
and to en joy  a n o t h e r  of your  o u t s t a n d i n g  p r e s e n t a t i o n s .  On b e h a l f  of 
a l l  of us h e r e  th i s  m o r n i n g ,  I s i n c e r e l y  thank  you. 
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