
NEW MATER~LS FOR NA~ONAL SECUR~Y 

10November 1960 

CONTENTS 

I N T R O D U C T I O N - - C o l o n e l  J a m e s  G.  B l a c k ,  USA,  M e m b e r  of  
t h e  F a c u l t y ,  I C A F  . . . . . . . . . . . . . . . . . . . . . . . .  

S P E A K E R - - D r .  J o h n  D.  M o r g a n ,  J r . ,  C o n s u l t a n t ,  S t u a r t ,  
F l o r i d a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

GENERAL DISCUSSION .................................... 

P a 6 e  ' 

1 

19 

N O T I C  E 

T h i s  i s  a t r a n s c r i p t  of  m a t e r i a l  p r e s e n t e d  to  t h e  r e s i d e n t  s t u d e n t s  
a t  t h e  I n d u s t r i a l  C o l l e g e  of t h e  A r m e d  F o r c e s .  M e m b e r s  of  t h e  C o l l e g e  
m a y  q u o t e  i t  o n l y  in  s t u d e n t  r e p o r t s  o r  p u b l i c a t i o n s  f o r  u s e  w i t h i n  t h e  
C o l l e g e .  O t h e r  p e r s o n s  m a y  n o t  q u o t e  o r  e x t r a c t  f o r  p u b l i c a t i o n ,  r e p r o -  
d u c e ,  o r  o t h e r w i s e  c o p y  t h i s  m a t e r i a l  w i t h o u t  s p e c i f i c  p e r m i s s i o n  f r o m  
t h e  a u t h o r  a n d  f r o m  t h e  C o m m a n d a n t ,  I C A F ,  in  e a c h  c a s e .  

P u b l i c a t i o n  N o .  L 6 1 - 7 3  

I N D U S T R I A L  C O L L E G E  O F  T H E  A R M E D  F O R C E S  

W a s h i n g t o n ,  D.C. 



D r .  John  D. M o r g a n ,  J r . ,  C o n s u l t a n t ,  S t u a r t ,  F l o r i d a ,  w a s  
b o r n  i n N e w a r k ,  New J e r s e y ,  on 14 F e b r u a r y  1921. He r e c e i v e d  
B.  S . ,  M . S . ,  P h . D .  and E . M .  d e g r e e s  in Min ing  E n g i n e e r i n g  f r o m  
the  C o l l e g e  of M i n e r a l  I n d u s t r i e s ,  P e n n s y l v a n i a  S t a t e  U n i v e r s i t y ,  
and a l s o  c o m p l e t e d  the  ICAF e x t e n s i o n  c o u r s e  in 1953. D r .  M o r g a n  
s e r v e d  wi th  the  C o r p s  of E n g i n e e r s  a s  a M a j o r  in W o r l d  W a r  I I .  
S ince  tha t  t i m e  he has  b e e n  A s s i s t a n t  fo r  M a t e r i a l s  and S tockp i l e  
P o l i c i e s ,  N a t i o n a l  S e c u r i t y  R e s o u r c e s  B o a r d ,  E x e c u t i v e  Off ice  of the  
P r e s i d e n t  (1948-50) ;  D i r e c t o r ,  M a t e r i a l s  R e v i e w  D i v i s i o n ,  D e f e n s e  
P r o d u c t i o n  A d m i n i s t r a t i o n  (1951-53) ;  and M a t e r i a l s  E x p e r t ,  Off ice  of 
D e f e n s e  M o b i l i z a t i o n ,  E x e c u t i v e  Off ice  of the  P r e s i d e n t  (1953-56) .  
In 1956 he opened  a c o n s u l t i n g  p r a c t i c e ,  s p e c i a l i z i n g  in b u s i n e s s  and 
d e f e n s e  p r o b l e m s  in m e t a l s ,  m i n e r a l s ,  and f u e l s .  In 1957-58 he  
s e r v e d  as  a m e m b e r  of the  S p e c i a l  S tockp i l e  A d v i s o r y  C o m m i t t e e  to 
the  D i r e c t o r  of the  ODM, and in  1959-60 he w a s  a m e m b e r  of t he  
S p e c i a l  C o m m i t t e e  on the Scope  and Conduc t  of M a t e r i a l s  R e s e a r c h  
of the  N a t i o n a l  A c a d e m y  of S c i e n c e s .  He i s  a m e m b e r  of the  Off ice  
of C iv i l  and D e f e n s e  M o b i l i z a t i o n  E x e c u t i v e  R e s e r v e  and a l s o  a 
m e m b e r  of m a n y  t e c h n i c a l  and p r o f e s s i o n a l  g r o u p s .  He is  the  a u t h o r  
of a book,  "The  D o m e s t i c  Min ing  I n d u s t r y  of the  U. So in W o r l d  
W a r  II, " and n u m e r o u s  t e c h n i c a l  a r t i c l e s .  T h i s  i s  h is  e igh th  l e c t u r e  
at  the  I n d u s t r i a l  C o l l e g e .  
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C O L O N E L  B L A C K :  G e n e r a l  M u n d y ,  G e n t l e m e n :  C o n t e m p o r a r y  
m i l i t a r y  t e c h n o l o g y  i s  c a u s i n g  the  b l u e p r i n t  of t o d a y  to  b e c o m e  the  
a n t i q u i t y  of t o m o r r o w .  E s p e c i a l l y  i s  t h i s  s e e n  to  be  t r u e  in the  c u r -  
r e n t  c r i t i c a l  n e e d  f o r  the  d e v e l o p m e n t  of new m a t e r i a l s  f o r  s o m e  
m a j o r  i t e m s  r e q u i r e d  in o u r  n a t i o n a l  d e f e n s e ,  a t o m i c ,  and s p a c e  
p r o g r a m s  of t o d a y  and t o m o r r o w .  

In o r d e r  to  s a f e g u a r d  o u r  n a t i o n a l  f u t u r e  we m u s t  e f f e c t  an  e a r l y  
and  s a t i s f a c t o r y  b r e a k t h r o u g h  in *.he new m a t e r i a l s  d e v e l o p m e n t  b a r -  
r i e r .  T o d a y  we  a s s e s s  the  p r o b l e m s ,  b o t h  m a t e r i a l  and  e c o n o m i c ,  
t h a t  b e s e t  a c o m p l e x  v e n t u r e  of t h i s  k ind .  

I know of no  m o r e  i n f o r m e d  o r  p r o f e s s i o n a l l y  c o m p e t e n t  p e r s o n  
in  t he  m a t e r i a l s  f i e ld  t h a n  o u r  s p e a k e r  f o r  t h i s  m o r n i n g ,  D r .  J o h n  D. 
M o r g a n .  I a m  c e r t a i n  t h a t  a f t e r  l i s t e n i n g  to  h i s  d i s c u s s i o n  t h a t  t he  
p r o b l e m s  in  t h i s  a r e a  wi l l  b e  m u c h  b e t t e r  u n d e r s t o o d .  

D r .  M o r g a n ,  i t  i s  a p l e a s u r e  to  w e l c o m e  you  b a c k  to  the  I n d u s -  
t r i a l  C o l l e g e  of the  A r m e d  F o r c e s ,  and  e s p e c i a l l y  do we  a p p r e c i a t e  
y o u r  l e a v i n g  t h a t  l and  of s u n s h i n e  down  in F l o r i d a  to  a d d r e s s  u s  
t o d a y .  D r .  M o r g a n .  

DR.  MORGAN: T h a n k  y o u ,  J i m ,  f o r  t h a t  v e r y  c o u r t e o u s  i n t r o -  
d u c t i o n .  G e n e r a l  M u n d y  and S c h o l a r s :  I t  i s  a r e a l  p l e a s u r e  f o r  m e  
to  c o m e  up  h e r e ,  e v e n  t h o u g h  the  w e a t h e r  i s  a l i t t l e  c o l d e r  and  
w e t t e r  t h a n  I l e f t  in  F l o r i d a .  I l i v e d  on the  P o s t  h e r e  f o r  f o u r  y e a r s  
d u r i n g  one  t i m e  in m y  c a r e e r  and i t  i s  j u s t  l ike  c o m i n g  r i g h t  h o m e ,  
and  I s a i d  to  G e n e r a l  Mundy  e a r l i e r  t h a t  w h e n  I w o r k e d  w i th  s o m e  of 
t he  G o v e r n m e n t  a g e n c i e s  in  a c i v i l i a n  c a p a c i t y ,  a s  w e l l  a s  a m i l i t a r y  
o n e - - a g e n c i e s  l i k e  the  Of f i ce  of D e f e n s e  M o b i l i z a t i o n - - y o u  c e r t a i n l y  
c o u l d  t e l l  w h i c h  o f f i c e r s  had  had  t he  o p p o r t u n i t y  to  a t t e n d  the  I n d u s -  
t r i a l  C o l l e g e  when  d e a l i n g  w i th  t h e m  on m a t t e r s  of m o b i l i z a t i o n  
p r e p a r a t i o n .  O f t e n t i m e s  in  the  e a r l y  d a y s  of the  K o r e a n  w a r ,  f o r  
e x a m p l e ,  we  wou ld  ge t  v e r y  f ine  m e n ,  f o r  e x a m p l e :  s e n i o r  N a v y  
o f f i c e r s ,  r i g h t  i n  off  a t a n k e r  o r  s o m e t h i n g ,  who  knew a l l  abou t  the  
N a v y  and s a i l i n g  s h i p s  and  s u c h ,  bu t  t h e y  had  to  s p e n d  a y e a r  o r  two  
l e a r n i n g  t h e i r  job in  t he  M u n i t i o n s  B o a r d  or  in  t he  R e s e a r c h  and 
D e v e l o p m e n t  B o a r d ,  o r  in  s o m e  o t h e r  s u c h  a g e n c y  in  the  P e n t a g o n .  
At  t h a t  t i m e  we  c o u l d n ' t  a f f o r d ,  r e a l l y ,  the  y e a r  o r  so  n e c e s s a r y  to  
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e d u c a t e  a m a n  on the  job .  W h e n e v e r  we would  r u n  in to  a m a n  who 
had  th i s  I n d u s t r i a l  C o l l e g e  e x p e r i e n c e ,  i t  j u s t  s a v e d  a y e a r  o r  two of 
t i m e  and e f f o r t  and m a d e  th ings  go m u c h  s m o o t h e r .  So I a m  v e r y  
happy  to s e e  tha t  the  I C A F  has  c o n t i n u e d  h e r e  and h a s  e x p a n d e d ,  and 
tha t  you  have  th i s  f ine new f a c i l i t y  to c o m e  to i n s t e a d  of the  old t e m -  
p o r a r y  b u i l d i n g  tha t  I r e m e m b e r .  I th ink  i t ' s  v e r y  good fo r  the  n a -  
t i o n a l  s e c u r i t y .  

T o d a y ,  I want  to t a l k  a bi t  about  m a t e r i a l s .  You m a y  w o n d e r  
why  we a r e  c o n c e r n e d  about  m a t e r i a l s .  A f t e r  a l l ,  you  got  t h i s  b u i l d -  
ing  bu i l t  and t h e r e  a r e  a lot of m a t e r i a l s  in i t .  You d i d n ' t  have  any  
p a r t i c u l a r  p r o b l e m .  You a r e  a l l  s i t t i ng  on f ine  u p h o l s t e r y ,  and t h e r e  
i s  n i c e  a l u m i n u m  t r i m  on the  d o o r s  and e v e r y t h i n g .  Why is  t h e r e  a 
g r a v e  n a t i o n a l  s e c u r i t y  m a t e r i a l s  p r o b l e m  ? The  m i l i t a r y  f o r c e s  have  
long b e e n  i n t e r e s t e d  in  m a t e r i a l s .  In fac t ,  m o s t  of the  a d v a n c e s  in 
m a t e r i a l  s c i e n c e s ,  t e c h n o l o g y ,  o r  a r t ,  have  c o m e  t h r o u g h  m i l i t a r y  
n e c e s s i t y .  I n t h e  s tone  age the a n c i e n t  c a v e m a n  in h i s  sk in ,  when  he 
m a d e  a s tone  axe ,  w a s  p r o b a b l y  e n g a g e d  in  f a s h i o n i n g  a m i l i t a r y  
w e a p o n ,  b e c a u s e  he wan ted  to hi t  the o t h e r  fe l low ove r  the head  wi th  
i t .  T h e n  we had the  b r o n z e  age ,  when  the  a l l oys  of c o p p e r  and t in  
w e r e  of i n t e r e s t ,  m a i n l y  b e c a u s e  t hey  m a d e  swords~  s p e a r s ,  s h i e l d s ,  
and  s h a r p  p r o w s  fo r  n a v a l  v e s s e l s .  T h e n  we had the i r o n  age  and 
now we a r e  in the  s t e e l  and l ight  m e t a l  a g e s .  W e ' v e  b e e n  about  
5 ,000  y e a r s  t ak ing  a d v a n t a g e  of s t o n e s ,  m e t a l s ,  and so f o r t h ,  and 
w e ' v e  got  a good bi t  of e x p e r i e n c e  b e h i n d  u s .  T h e r e f o r e ,  I wan t  to 
show you  s o m e  of the  a r e a s  w h e r e  we have  e x p e r i e n c e  b e h i n d  u s ,  
wha t  tha t  e x p e r i e n c e  m e a n s ,  and then ,  m o r e  i m p o r t a n t l y ,  s o m e  of 
the  a r e a s  a h e a d ,  w h e r e  we do not have  e x p e r i e n c e ,  and why we f ace  
a " m a t e r i a l s  b a r r i e r "  at  the p r e s e n t  t i m e .  

So I have  to go b a c k  ju s t  a l i t t l e  b i t  to se t  s o m e  p e r s p e c t i v e s .  If 
I o v e r s i m p l i f y  s o m e  c o m p l e x  c o n c e p t s  I hope the r e a l l y  t e c h n i c a l  
m e n  a m o n g  you wi l l  f o r g i v e  m e .  Take  the  old B r o o k l y n  B r i d g e  tha t  
t h e y  s t a r t e d  m a k i n g  the  w i r e  fo r  a f t e r  the  C iv i l  W a r .  T h e y  f i n i s h e d  
it  in 1883. F o r  n e a r l y  80 y e a r s  s i n c e  the  B r o o k l y n  B r i d g e  h a s  s tood  
t h e r e .  I t  was  d e s i g n e d  in a p e r i o d  when  t hey  had e s s e n t i a l l y  h o r s e -  
d r a w n  t r a f f i c ,  wooden  v e h i c l e s ,  and p e d e s t r i a n  t r a f f i c ,  and y e t  tha t  
old b r i d g e  is  t h e r e  today  c a r r y i n g  i n t e r u r b a n  r a p i d  t r a n s i t ,  h e a v y  
t r u c k s ,  and so  f o r t h .  How did they  do i t ?  F i r s t  t hey  put i n f in i t e  
c a r e  in to  m a k i n g  the w i r e s  tha t  t hey  u s e d  in the  s u s p e n s i o n  s y s t e m ,  
and then  the  old c iv i l  e n g i n e e r s  u s e d  what  t h e y  po l i t e ly  c a l l e d  a 
" f a c t o r  of s a f e ty .  " We cou ld  u n p o l i t e l y  ca l l  i t  a " f a c t o r  of i g n o r a n c e .  
In o t h e r  w o r d s ,  t h e y  f i g u r e d  out t h e o r e t i c a l l y  how m a n y  s t e e l  w i r e s  
t hey  n e e d e d ,  and what  s i z e  of g i r d e r s ,  and so f o r t h ,  d e p e n d i n g  on 
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the  s i t ua t i on ,  and then  m u l t i p l i e d  e v e r y t h i n g  by  10 o r  by  20. So, o b -  
v i o u s l y ,  the  b r i d g e  tha t  w a s  bu i l t  fo r  the  h o r s e - c a r  t r a f f i c  in the 
1880 ' s  s t i l l  s t a n d s  up t o d a y .  I ts  r e l a t i v e  f a c t o r  of s a f e t y  m a y  have  
b e e n  r e d u c e d  o v e r  t h e y e a r s  as  loads  i n c r e a s e ,  bu t  t he  o r i g i n a l  
b u i l d e r s  put in p len ty  of e x t r a  m a t e r i a l  to be  on the  sa fe  s i d e .  Now, 
f o r  s o m e t h i n g  s t and ing  s t i l l  on the g r o u n d  you can  a f fo rd  to do tha t .  

The  m i l i t a r y  f o r c e s  should  u s e  m a t e r i a l s  g e n e r o u s l y  in m a n y  of 
the  n o r m a l  g r o u n d  w a r f a r e  a p p l i c a t i o n s ,  w h e r e  r e l i a b i l i t y  u n d e r  a d -  
v e r s e  s u r r o u n d i n g s  i s  p a r a m o u n t .  F r o m  the  Civ i l  W a r  to Wor ld  
W a r  II m a n y  of the  g r e a t  a d v a n c e s  in m e t a l l u r g y  c a m e  about  as  a 
r e s u l t  of the  e x p e r i m e n t a l  w o r k  done by the A r m y  and the  Navy  at 
t h e i r  a r s e n a l s - - s u c h  as  the  Navy  Gun F a c t o r y ,  the  A r m y  W a t e r t o w n ,  
W a t e r v l i e t ,  and o t h e r  a r s e n a l s - - a n d  t h e i r  p r o v i n g  g r o u n d s - - D a h l -  
g r e n  P r o v i n g  Ground ,  A b e r d e e n  P r o v i n g  Ground ,  e t c . - - w h e r e  t h e r e  
w a s  a c o n s t a n t  t e s t i n g  of s h e l l  a g a i n s t  a r m o r  p la te  as  the s e r v i c e s  
t r i e d  to f ind w h i c h  was  the  b e s t  s h e l l  to  go t h r o u g h  the  a r m o r  p la te  
and w h i c h  was  the  b e s t  a r m o r  p la te  to r e s i s t  the  s h e l l .  S ince  c i v i l i a n  
i n d u s t r y  d i d n ' t  have  a r e q u i r e m e n t  fo r  s u c h  s t r o n g  m e t a l s  m u c h  of t he  
f ine  m e t a l l u r g i c a l  w o r k  w a s  done  in the  s e r v i c e s ,  in  " i n h o u s e "  s e r v -  
i c e  l a b o r a t o r i e s ,  and m a n y  u n i f o r m e d  m e n  s p e c i a l i z e d  in such  t e c h -  
n i c a l  w o r k .  

Wel l ,  then ,  tha t  was  the  way  it  was  done up to W o r l d  W a r  II.  
P r e v i o u s l y  we d i d n ' t  have  any i n s u r m o u n t a b l e  m a t e r i a l s  p r o b l e m s .  
T r u e ,  in  W o r l d  W a r s  I and II  we  w e r e  cu t  off f r o m  m a n y  i m p o r t a n t  
r a w  m a t e r i a l s  and we had to u s e  s u b s t i t u t e s  and d e v e l o p  u n e c o n o m i c  
d o m e s t i c  s o u r c e s ,  but  tha t  l ed  e v e n t u a l l y  to the  s t o c k p i l i n g  c o n c e p t  
t h r o u g h  w h i c h  by now,  f o r  c o m m o n  m a t e r i a l s ,  we have  m a d e  p r e t t y  
good p r o v i s i o n  f o r  b e i n g  cut  off f r o m  o v e r s e a s  s o u r c e s  of m a t e r i a l s .  

Now, h o w e v e r ,  we m u s t  look at  wha t  h a s  b e e n  h a p p e n i n g  in the  
a i r .  In W o r l d  W a r  I the  s p e e d  of an a i r p l a n e  was  p e r h a p s  125 m i l e s  
an  h o u r .  By  1925 t h e  s p e e d  of a p lane  w a s  doub led .  At the  end of  
W o r l d  W a r  II ,  and  at  the  b e g i n n i n g  of the  K o r e a n  w a r ,  we w e r e  up to 
M a c h  1, the  s p e e d  of sound,  a r o u n d  700 m i l e s  p e r  h o u r ,  d e p e n d i n g  
on w h e r e  you  m e a s u r e .  T o d a y  in p l a n e s  and in  m i s s i l e s  we a r e  t a l k -  
ing  of M a c h  2 and M a c h  3 and M a c h  4 and m o r e  w h i c h  is  two,  t h r e e ,  
f o u r ,  o r  m o r e  t i m e s  the  s p e e d  of sound .  

In a l l  ou r  p r e v i o u s  h i s t o r y ,  a l l  ou r  5 ,000 y e a r s  of m e t a l l u r g i c a l  
e x p e r i e n c e  we g e n e r a l l y  w e r e  c o n c e r n e d  wi th  t e m p e r a t u r e s  t ha t  
n e v e r  wen t  m u c h  b e l o w  m i n u s  30 o r  m i n u s  40 d e g r e e s  F a h r e n h e i t .  
T h i s  w a s  p r o b a b l y  as  co ld  as  i t  got in R u s s i a  or  A l a s k a ,  o r  a n y w h e r e  
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e l s e  w h e r e  we w e r e  c o n c e r n e d .  Oh, fo r  a day  o r  two it 
gone  to m i n u s  50 or  m i n u s  60, but m i n u s  30 F a h r e n h e i t  
w o r s t  e q u i p m e h t  had to s t a n d .  And fo r  n e a r l y  a l l  t h o s e  
m i l i t a r y  i t e m s  w e r e  g e n e r a l l y  c o n c e r n e d  wi th  o p e r a t i n g  

m i g h t  have  
w a s  about  the  
5 , 0 0 0  y e a r s ,  
about  at  

n o r m a l  ou t s i de  t e m p e r a t u r e s - - 1 0 0  d e g r e e s  F a h r e n h e i t ,  a t  the  ou t -  
s ide  1 2 0 - - u n t i l  we got to the  i n t e r n a l  c o m b u s t i o n  e n g i n e .  T h e n  our  
g a s o l i n e  e n g i n e s  and d i e s e l  e n g i n e s  b r o u g h t  us  to h i g h e r  s p e e d s  and 
c o n s e q u e n t  h i g h e r  t e m p e r a t u r e s .  Then  a long  c a m e  the  j e t  e n g i n e s  
and the  r o c k e t  e n g i n e s ,  and the  m i s s i l e s ,  so tha t  we f ind tha t  the  
t e m p e r a t u r e  s p e c t r u m  tha t  we a r e  now w o r k i n g  wi th  has  b e e n  p u s h e d  
up f r o m  n o r m a l  t e m p e r a t u r e s  to 6 ,000  d e g r e e s  F a h r e n h e i t ,  and we 
cou ld  s t i l l  u s e  m u c h  h i g h e r  t e m p e r a t u r e s  if we had the  m a t e r i a l s  to 
s t and  up u n d e r  s u c h  c o n d i t i o n s .  And now on the  n e g a t i v e  s i d e ,  we 
f ind tha t  i n s t e a d  of m i n u s  30 or  m i n u s  40 d e g r e e s  F a h r e n h e i t ,  we  
a r e  now w o r k i n g  at  only about  30 d e g r e e s  above  a b s o l u t e  z e r o .  A b -  
so lu t e  z e r o  is  about  m i n u s  460 d e g r e e s  F a h r e n h e i t .  But  we f ind tha t  
l iqu id  h y d r o g e n ,  w h i c h  is  u s e d  as  a fue l  in the new r o c k e t s  and m i s -  
s i l e s ,  has  a bo i l i ng  point  of about  m i n u s  420 d e g r e e s  F a h r e n h e i t ,  
w i th in  40 d e g r e e s  of a b s o l u t e  z e r o .  We f ind tha t  f l u o r i n e  tha t  i s  u s e d  
in the fue l s  b o i l s  at about  m i n u s  350 d e g r e e s  F a h r e n h e i t ,  and l iqu id  
oxygen  bo i l s  at  about  m i n u s  300 d e g r e e s  F a h r e n h e i t .  So in  j u s t  the 
l a s t  few y e a r s  we have  b r o a d e n e d  the  t e m p e r a t u r e  s p e c t r u m  r a n g e  
tha t  w e ' r e  c o n c e r n e d  wi th  f r o m  a low of a l m o s t  a b s o l u t e  z e r o  to the  
v e r y  h o t t e s t  t e m p e r a t u r e s  tha t  we can  a c h i e v e ,  a l r e a d y  a p p r o a c h i n g  
10,000 d e g r e e s  F a h r e n h e i t .  

Why a r e  t h e s e  h igh  t e m p e r a t u r e s  so  i m p o r t a n t ?  T h e r e  i s  a law 
of t h e r m o d y n a m i c s  tha t  s a y s  tha t  the e f f i c i e n c y  of any eng ine  o r  
p r o c e s s  i s  p r o p o r t i o n a l  to the  c h a n g e  in t e m p e r a t u r e  tha t  t a k e s  p l a c e  
in the e n g i n e .  {Wri t ing  on b l a c k b o a r d )  T 2 - - t h e  h o t t e s t  t e m p e r a t u r e  
m i n u s  T 1 - - t h e  c o l d e s t  t e m p e r a t u r e ,  d iv ided  by  T 2 - - t h e  h o t t e s t  t e m -  
p e r a t u r e - - g i v e s  you the  t h e o r e t i c a l  e f f i c i e n c y  of the e n g i n e  o r  the  
p r o c e s s .  B e c a u s e  the e x h a u s t  gas  t e m p e r a t u r e  is  l i m i t e d  by  i t s  
s u r r o u n d i n g s - - t h e  only w a y  tha t  we can  ge t  m o r e  e f f i c i e n c y  i s  to i n -  
c r e a s e  the  T2,  the  hot  t e m p e r a t u r e ,  at w h i c h  the d e v i c e  ( a i r p l a n e  
e n g i n e ,  r o c k e t ,  m o t o r ,  e t c .  ) i s  r u n n i n g .  How do we do t h a t ?  Wel l ,  
f i r s t  w e ' v e  gone f r o m  c o n v e n t i o n a l  fue l s  to exo t i c  f u e l s ,  b e c a u s e  we  
wan t  s o m e t h i n g  wi th  m o r e  h e a t  e n e r g y  p e r  pound.  J u s t  as  a m a t t e r  
of c o m p a r i s o n - - a  f a i r l y  high g r a d e  coa l  s u c h  as  m i g h t  be b u r n e d  
in f u r n a c e s  o r  i n t h e  s t e e l  p r o c e s s  m a y  y i e l d  about  14,000 BTU p e r  
pound.  G a s o l i n e  or  k e r o s e n e  of the  type  u s e d  in the i n t e r n a l  c o m b u s -  
t ion  eng ine  or  the j e t  eng ine  m a y  be  18 ,000 or  19,000 BTU p e r  pound.  
The  zip b o r a n e  f u e l s ,  w h i c h  a r e  s u p p o s e d  to g ive  tha t  e x t r a  t h r u s t  to 
the  e x i s t i n g  je t  eng ine  when  they  a r e  i n j e c t e d ,  m a y  go up to 25 ,000  
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B T U .  T h a t ' s  a o n e - t h i r d  i n c r e a s e  o v e r  t h e  k e r o s e n e  o r  t h e  d i e s e l  o i l .  
L i q u i d  h y d r o g e n  g o e s  t o  5 1 , 0 0 0  B T U ,  w h i c h  y o u  c a n  s e e  i s  a b o u t  t h r e e  
t i m e s  t h e  c u r r e n t  k e r o s e n e  h e a t  v a l u e .  And  g o i n g  f a r  b e y o n d  b u r n -  
a b l e  f u e l s  w i l l  b e  t h e  h e a t s  g e n e r a t e d  b y  n u c l e a r  e n e r g y ,  a l r e a d y  u s e d  
f o r  s u b m a r i n e  a n d  v e s s e l  p r o p u l s i o n ,  and  u n d e r d e v e l o p m e n t  a i r c r a f t  
a n d  m i s s i l e s .  So w e ' v e  go t  h o t t e r  f u e l s .  We  h a v e  t o  h a v e  h o t t e r  

p l a c e s  i n  w h i c h  to  u t i l i z e  t h e m .  

T h e n  w h e n  w e  g e t  b e y o n d  n o r m a l  e l e v a t i o n s  and  on  o u t  i n t o  s p a c e  
w e  f i n d  n o t  o n l y  e x t r e m e  c o l d  b u t  a l s o  e x t r e m e s  of r a d i a t i o n  t h a t  w e  
d o n ' t  y e t  f u l l y  u n d e r s t a n d ,  b e c a u s e  h e r e  on t h e  e a r t h  w e  a r e  p r o t e c t e d  
b y  t h e  e a r t h ' s  a t m o s p h e r e .  We  f i n d  a b s o l u t e  v a c u u m  i n  o u t e r  s p a c e ,  
f a r  g r e a t e r  t h a n  a n y  v a c u u m  t h a t  w e  c a n  m a k e  h e r e  on  e a r t h .  We 
f i n d  m e t e o r i t e s  m o v i n g  w i t h  a v e l o c i t y  f a r  g r e a t e r  t h a n  a n y  m i s s i l e s  
h e r e  on  e a r t h .  We h a v e  t h e  e x t r e m e  p r o b l e m s  of  a e r o d y n a m i c  h e a t -  
i n g  on  r e e n t e r i n g ;  a n d  s o  w e  h a v e  e n t e r e d  a n e w  e r a  w h e r e  o u r  5 , 0 0 0  
y e a r s  of  s l o w ,  s t e a d y  p r o g r e s s  d o e s n ' t  g i v e  u s  t h e  a n s w e r s ,  a n d  
e v e r y  m i l i t a r y  s e r v i c e  i s  i n v o l v e d  ( s e e  C h a r t  i - - p a g e  6).  

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

I b r o u g h t  a f e w  s a m p l e s ,  j u s t  t o  s h o w  y o u .  H e r e i s  a l i g h t w e i g h t  
m a t e r i a l .  Y o u  c a n  f e e l  i t  a f t e r  t h e  l e c t u r e ,  d u r i n g  t h e  i n t e r m i s s i o n .  
I t  c o n s i s t s  of  a f o a m e d  p o l y s t y r e n e  p l a s t i c  i n  b e t w e e n  a l u m i n u m  
s h e e t s .  I t  h a s  a l u m i n u m ~ o n  o n e  s u r f a c e ,  b o n d e d  t o  m a s o n i t e  f o r  
a d d i t i o n a l  d e n t - r e s i s t a n c e  a n d  i t  h a s  a l u m i n u m  on  t h e  o t h e r  s u r f a c e ,  
t o o .  I t  c o m e s  in  s e v e r a l  c o l o r s ,  i s  q u i t e  s t r o n g ,  i s  v e r y  l i g h t ,  a n d  
h a s  a h i g h  i n s u l a t i o n  v a l u e .  F o r  t r a i l e r s ,  b a r r a c k s ,  v e s s e l  s u p e r -  
s t r u c t u r e s ,  e t c .  i t  w o u l d  b e  v e r y  u s e f u l .  
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CHART 1-  NEW AND IMPROVED MATERIALS WILL FIND WIDE 
USAGE IN MANY END ITEMS UNDER DIFFERENT 
AGENCY JURISDICTIONS- FOR EXAMPLE : 
HIGH-TEMPERATURE MATERIALS 

NATIONAL AERONAUTICS AND 
SPACE ADMINISTRATION 
SPACE VEHICLES 

AIR FORCE MISSILES 
AND ROCKETS 

NAVY PLANES ~ 

d ~  

NAVY MISSILES 
AND ROCKETS 

&" 

% 
NATIONAL AERONAUTICS AND 
SPACE ADMINISTRATION ROCKETS 

ATOMIC ENERGY COMMISSION ' .~%.~X.~ 
NUCLEAR POWER PLANTS ~ . .  . . ~ .  

MARITIME COMMISSION VESSELS 

~ ~ .  
NEW AND IMPROVED ~ l / / f ~  
HIGH-TEMPERATURE 
MATERIALS ARE RE- 

~ / , '  QUIRED FOR" 

AIR FORCE PLANES 

ARMY MISSILES 

ARMY NUCLEAR 
POWER PLANTS 

_ . . . ~ _ ~ , _ , I ~ Y ~ . .  ~ 
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NAVY SHIPS 

NAVY SUBMARINES 



H e r e ' s  a n o t h e r  a p p r o a c h  to ge t t i ng  a s t r o n g  but l ight  m a t e r i a l .  
I t ' s  a h o n e y c o m b  c o n s t r u c t i o n .  You can p robab ly  see  the l i t t l e  c e l l s  
as  you look at  it f r o m  out t h e r e  in the  a u d i e n c e .  H e r e  we have a l i g h t  
s h e e t  of a l u m i n u m  bonded  to a s h e e t  of m a s o n i t e ,  and then  in the  
m i d d l e  s p e c i a l  p a p e r  h o n e y c o m b s ,  t r e a t e d  a g a i n s t  i n s e c t s  and t r e a t e d  
a g a i n s t  m o i s t u r e .  I have  cut tha t  pane l  open,  so you can  see  that  the  
only t h ing  tha t  is  ho ld ing  the  f ron t  h e r e  i s  the  pape r .  If  you s tand  on 
i t  and put y o u r  fu l l  we igh t  on it ,  the  p a p e r  wi l l  t ake  that  s t r a i n .  T h a t ' s  
a v e r y  l ight  and an i n s u l a t i n g  m a t e r i a l  f o r  u se  a n y w h e r e  o n t h e  g round .  
The  h o n e y c o m b  holds  tha t  m e t a l  v e r y  r i g i d ,  b e c a u s e  it  i s  s u p p o r t e d  
o v e r  i t s  e n t i r e  s u r f a c e .  The  h o n e y c o m b  p r i n c i p l e  i s  u s e d  not  only on 
t h e  g round  but  a l so  in our  h i g h e s t  t e m p e r a t u r e  a i r p l a n e s  w h e r e  they  
a r e  now w o r k i n g  on h o n e y c o m b  m a d e  of s t a i n l e s s  s t e e l .  The h o n e y -  
comb  i t s e l f  wi l l  be  m a d e  of r i b b o n s  of s t a i n l e s s  s t e e l .  The  s u r f a c e  of 
the  a i r p l a n e  wi l l  be  a h igh  g r a d e  s t a i n l e s s  s t e e l .  The h o n e y c o m b  un -  
d e r n e a t h  wi l l  be  b r a z e d  to the  s t a i n l e s s  S tee l  to m a k e  it  t i gh t ly  j o ined  
at  e v e r y  p l ace .  So the  old a i r c r a f t  c o n s t r u c t i o n  of g i r d e r s ,  p l a t e s ,  
sk in ,  and r i v e t s  i s b e i n g  done  away wi th  and i n s t e a d  t h e r e  wi l l  be  a 
s m o o t h  s t a i n l e s s  sk in  s u r f a c e ,  u n i f o r m l y  s u p p o r t e d  at e v e r y  point  by 
t h i s  s t a i n l e s s  s t e e l  h o n e y c o m b .  T h i s  wi l l  i n c r e a s e  s p e e d  and r e d u c e  
h e a t i n g  and c o r r o s i o n .  

A n o t k e r  a r e a  tha t  i s  r e c e i v i n g  c o n s i d e r a b l e  a t t en t i on  is  the 
m a t t e r  of o p t i m u m  d e s i g n .  I w i l l  t r y  to g ive  you a d e m o n s t r a t i o n  
h e r e .  You have to i n t e g r a t e  bo th  the  d e s i g n  of the  s t r u c t u r e  and the  
m a t e r i a l  to ge t  the  b e s t  r e s u l t .  F o r  e x a m p l e  ( d e m o n s t r a t i n g )  if  you 
t a k e  a couple  of i n d i v i d u a l  c o r k s ,  t hey  jus t  wigg le  a round ;  t hey  don ' t  
have  any p a r t i c u l a r  s t r e n g t h .  But  if  you take  t h o s e  c o r k s  and c o m -  
p r e s s  t h e m  wi th  an end  load ing ,  w h i c h  i s  supp l i ed  by m y  f i n g e r s - - i n  
o t h e r  w o r d s  push ing  in h e r e  and push ing  in h e r e  ( i n d i c a t i n g ) - - t h o s e  
c o r k s  b e c o m e  quite  r i g i d ,  and they  can  s tand  a s t r a i n .  T h i s  i s  the  
p r i n c i p l e  u s e d  in  p r e s t r e s s e d  c o n c r e t e .  C o n c r e t e ,  as you know, i s  
v e r y  s t r o n g  in  c o m p r e s s i o n - - w h e n  you push  on i t ,  put a w e i g h t  on i t .  
I t ' s  v e r y  w e a k  in  t e n s i o n - - w h e n  you s t r e t c h  i t  or  pull  on i t .  Well ,  
one o l d e r  a p p r o a c h  in  c o n c r e t e  d e s i g n  has  b e e n  to put s t e e l  r e i n f o r c -  
ing  r o d s  in the  p a r t  of the  c o n c r e t e  b e a m  tha t  was  s u b j e c t e d  to t e n s i o n .  
F o r  e x a m p l e ,  in the  b o t t o m  of a b e a m ,  w h e r e  s t r e t c h i n g  would  t ake  
p l ace ,  s t e e l  r o d s  w e r e  i n s e r t e d .  Now they  have gone  a s t ep  f u r t h e r .  
A n u m b e r  of c o n c r e t e  b l o c k s  can  be  put end  to end and h igh  t e n s i l e  
s t r e n g t h  w i r e s  s t r u n g  r i g h t  t h r o u g h  the  m i d d l e  of t h e m ,  and then  
t i g h t e n e d  to  put a l l  of the  c o n c r e t e  in e x t r e m e  t e n s i o n .  Th i s  m a k e s  
a v e r y  s t r o n g  b e a m ,  b e c a u s e  the  whole  th ing  is  in  t e n s i o n .  And m a d e  
wi th  the  c e n t e r s  hol low,  a l i g h t e r  we igh t  b e a m  r e s u l t s .  
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We can  do aH s o r t s  of t h ings  l ike tha t  on the g r o u n d .  H e r e ' s  a 
m a t e r i a l  tha t  m a n y  of you  m a y  be f a m i l i a r  wi th .  You a l l  know about  
c o n v e n t i o n a l  p lywood.  One of the  n e w e r  d e v e l o p m e n t s  i s  a type of 
c h i p b o a r d ,  i l l u s t r a t e d  h e r e ,  w h e r e  t h e y  ju s t  use  l i t t l e  b i t s  of ch ips  
of wood and put t h e m  t o g e t h e r  wi th  p l a s t i c  b i n d e r ,  and th i s  h a s  m o r e  
d i m e n s i o n a l  s t a b i l i t y  than  any e q u i v a l e n t  p i ece  of p lywood .  It  w o n ' t  
w a r p  out of shape  b e c a u s e  the p a r t i c l e s  a r e  a l l  of u n i f o r m  d i m e n s i o n  
and r a n d o m l y  a r r a n g e d .  

One d e v e l o p m e n t  in c o n v e n t i o n a l  m a t e r i a l s  tha t  I f e e l  I shou ld  
m e n t i o n  i s  the d e v e l o p m e n t  in p l a s t i c s  of ten  t a k i n g  the  p lace  of m e t a l s .  
I ' l l  give you  an i d e a  of how g r e a t  tha t  d e v e l o p m e n t  i s .  In 1949, about  
10 y e a r s  ago,  about  790, 000 s h o r t  t ons  of p l a s t i c s  w e r e  p r o d u c e d  and 
u s e d  in the  U . S . A . ,  wh i l e  in 1959 about  2 , 9 4 5 , 0 0 0  tons  of p l a s t i c s  
w e r e  u s e d .  In o t h e r  w o r d s ,  t h a t ' s  a l m o s t  a f o u r f o l d  g r o w t h  in the 
u se  of p l a s t i c s .  And,  when  you  c o n s i d e r  t ha t  p l a s t i c s  a r e  m u c h  
I i g h t e r  t han  m e t a l s ,  on a v o l u m e  b a s i s ,  w h i c h  is  the way  m a n y  of 
t h e s e  m a t e r i a l s  a r e  u s e d ,  t h a t ' s  a v e r y  g r e a t  i n c r e a s e .  

You c a n ' t  j u s t  judge  the  d e m a n d  fo r  a m e t a l  o r  a m a t e r i a l  on a 
p r i c e - p e r - p o u n d  b a s i s .  F o r  e x a m p l e ,  a new p l a s t i c ,  d e l r i n ,  c o s t i n g  
about  95 c e n t s  a pound w a s  r e c e n t l y  a n n o u n c e d .  You m i g h t  j u s t  t h ink  
offhand,  "Wel l ,  w h o ' s  going to use  tha t  when  z inc  a l l o y s  a r e  13 c e n t s  
a pound,  w h e n  b r a s s  a l l o y s  a r e  30 c e n t s  a pound ,  and w h e n  a l u m i n u m  
i s  30 c e n t s  a p o u n d ? "  But ,  when  you f i g u r e  tha t  m a n y  th ings  a r e  
m a d e  to  get  a c e r t a i n  d i m e n s i o n a l  s t a b i l i t y ,  the  i m p o r t a n t  th ing  is 
the  v o l u m e ,  not the w e i g h t .  Then ,  when  you  c o n s i d e r  tha t  a z inc  
al loy has  a s p e c i f i c  g r a v i t y  of about  s e v e n ,  and t h i s  new p l a s t i c  
p r o b a b l y  has  a s p e c i f i c  g r a v i t y  of only  about  one and o n e - h a l f ,  i t  
t a k e s  m u c h ,  m u c h  m o r e  z inc  a l l o y  at 13 c e n t s  a pound to  f i l l  out the 
s a m e  v o l u m e  as the p l a s t i c .  In f ac t ,  when  you  c o n s i d e r  the  e a s e  of 
f o r m i n g ,  f a b r i c a t i o n ,  c o l o r i n g ,  e t c .  t h e r e  a r e  m a n y  p r i c e  a d v a n t a g e s  
in p l a s t i c s .  But  a l l  t h i s  i s  fo r  c o n v e n t i o n a l  t e m p e r a t u r e s .  Now, 
h a v i n g  t a k e n  c a r e  of the  c o n v e n t i o n a l  s i t u a t i o n ,  I ' d  l ike  to t ake  off 
in to  the h i g h - t e m p e r a t u r e  s i t ua t i on .  

C h a r t  2 (page 10) shows  t e m p e r a t u r e s  in d e g r e e s  F a h r e n h e i t ,  
r u n n i n g  f r o m  z e r o  up to 7 , 0 0 0 .  R a n g e d  off o v e r  h e r e  ( ind ica t ing)  
we have  the m e l t i n g  po in t s  of e l e m e n t s .  F r o m  the  m e l t i n g  point  of 
i r o n ,  2 ,800OF and  b e l o w ,  I have  i n d i c a t e d  only  c e r t a i n  c o m m o n  
s t r u c t u r a l  m e t a l s  and e l e m e n t s ,  s u c h  as  lead ;  z inc ;  a l u m i n u m ;  and 
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c o p p e r .  The d a r k  c o l u m n  tha t  s tops  at n i cke l ,  cobal t ,  and i ron ,  i s  
the  l i m i t  of our  p r e s e n t  c o m m o n  m e t a l l u r g y .  This  i s  the m e t a l l u r g y  
of i r on ,  s t e e l ,  and s t a i n l e s s  s t e e l ,  which  is  m a d e  of i r on ,  n i cke l ,  
coba l t ,  and c h r o m i u m .  In fact ,  none of the s t a i n l e s s  s t e e l s  wi l l  
s e r v e  a n y w h e r e  n e a r  the  m e l t i n g  point  of i r o n  (about 2 ,800  d e g r e e s ) .  
I n s t e a d  t h e y ' l l  p robab ly  give out at about 60 p e r c e n t  of the m e l t i n g  
point .  Sixty p e r c e n t  of the  m e l t i n g  point  i s  r ough ly  1 ,800 d e g r e e s  
F a h r e n h e i t ,  which  i s  jus t  about the  uppe r  l i m i t  of our  p r e s e n t  m e t a l -  
l u r g y  tha t  we know how to  work  wi th  on any s c a l e .  

Above i r o n  Cha r t  2 shows  e v e r y  known e l e m e n t .  T h e s e  a re  the 
only t h ings  we have to w o r k  wi th .  H e r e  we f ind such  e l e m e n t s  as 
t i t a n i u m ,  v a n a d i u m ,  p l a t inum,  z i r c o n i u m ,  c h r o m i u m ,  ha fn ium,  
c o l u m b i u m ,  m o l y b d e n u m ,  t a n t a l u m ,  phen ium,  t ungs t en ,  and c a r b o n .  
T h e r e  a r e  no o t h e r  known e l e m e n t s  above i r o n  than  those  shown on 
C h a r t  2. 

Char t  2 shows  tha t  t h e r e  i s  not m u c h  point  in  t ak ing  c o m f o r t  f r o m  
how we l l  w e ' v e  done in  a l u m i n u m  m e t a l l u r g y .  T h e r e  is  not  m u c h  
point  in th ink ing  how w e l l  w e ' r e  done in s t e e l  m e t a l l u r g y .  What we 
have to know is  how a re  we go ing  to get  t h e s e  h i g h e r  t e m p e r a t u r e s ,  
t h e s e  h i g h e r  T - 2 ' s .  How a re  we go ing  to w i th s t and  t h e s e  r e e n t r y  
cond i t i ons  ? I ' l l  t e l l  you  how w e ' v e  b e e n  do ing  it up to now. W e ' v e  
b e e n  do ing  it  by m a k e s h i f t  d e s i g n s .  Without  b u r d e n i n g  your  m a t h -  
e m a t i c a l  t h e o r y  too m u c h .  I jus t  want  to ci te  the b a s i c  t h e o r u m  in 
p r o b a b i l i t y  tha t  g o v e r n s  how a n u m b e r  of c o m p o n e n t s  w o r k  when  they  
a r e  j o ined  t o g e t h e r .  I ' l l  jus t  give you a s i m p l e  i l l u s t r a t i o n  and y o u ' l l  
s e e  how it w o r k s .  If you had t h r e e  b o x e s  h e r e - - s u c h  as  the f i r s t  
s t a g e ,  the s e c o n d  s t age ,  and the  t h i r d  s tage  of a r o c k e t - - y o u  would 
want  to know the p r o b a b i l i t y  of t h e s e  t h r e e  s t a g e s  func t ion ing  r e l i a b l y  
t o g e t h e r .  You would  f i r s t  have  to a s s e s s  the p robab i l i t y  of e a c h  one 
w o r k i n g  i nd iv idua l l y .  I a m  going  to p ick jus t  a s i m p l e  n u m e r i c a l  
e x a m p l e  and show how it w o r k s .  L e t ' s  say tha t  the p robab i l i t y  of the 
f i r s t  s tage  func t ion ing  c o r r e c t l y  i s  9/10:  tha t  i s ,  t h e r e  a re  9 c h a n c e s  
out of 10 that  i t  w i l l  w o r k .  L e t ' s  say the  p r o b a b i l i t y  of the  s e c o n d  
s t age  i s  a l so  9 /10 .  The p robab i l i t y  of bo th  s t a g e s  w o r k i n g  t o g e t h e r  
i s  81 /100 .  T h a t ' s  the p r o d u c t  of the  two ind iv idua l  p r o b a b i l i t i e s .  In 
o t h e r  w o r d s ,  when  you h i t ch  the  two s t a g e s  t o g e t h e r ,  the p robab i l i t y  
of t h e m  w o r k i n g  r e l i a b l y  b e c o m e s  81 p e r c e n t .  T h e n  when  you h i t ch  
on the  t h i r d  s t a g e ,  if you want  to take  an a s s u m e d  9 /10  fo r  i t ,  you 
m u l t i p l y  y o u r  81 p e r c e n t  by 9/10 and you ge t  about 73 p e r c e n t  as the  
l i k e l i h o o d  of the t h r e e  s t a g e s  func t ion ing  c o r r e c t l y  in un i son .  
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Chart  2 -Onlya  Smal l  Number of E lementsH~ve  High Melt ing P o i n t s  
(This chart shows all known elements above iron and major metals 

melting at lower temperatures) 
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The commercially 
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Hafnium 
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Chromium 
Z ir conium 
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Ytterbium 
Vanadium 
Titanium 
Actinium 
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Aluminum 
Magnesium 

Zinc 
Lead 

Tin 
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Of c o u r s e ,  in a r e a l  c a s e ,  i t  i s n ' t  tha t  s i m p l e .  The  p r o b a b i l i t i e s  
of e a c h  p a r t  in a r o c k e t  o r  a m i s s i l e  w o r k i n g  a r e  m u c h  h i g h e r  than  
9 / 1 0 .  T h e y  m a y  be of the  o r d e r  o f . 9 9 9  or  .9999 or  even  .99999 .  
Bu t  t h e r e  a r e  l i t e r a l l y  h u n d r e d s  of t h o u s a n d s  of p a r t s  in e a c h  one of 
t h e s e  m i s s i l e s  and r o c k e t s ,  and,  when  m a n y  m a n y  . 99999s m u s t  
func t i on  t o g e t h e r  the  u l t i m a t e  p r o b a b i l i t y  ge t s  m u c h  s m a l l e r ,  and 
t h a t ' s  why e v e r y  o t h e r  r o c k e t  o r  m i s s i l e  f a l l s  in to  the  ocean  t o d a y .  

B e c a u s e  we don ' t  have  the  h i g h - t e m p e r a t u r e  m a t e r i a l s  to m a k e  
the  d e s i g n  s i m p l e ,  we m u s t  r e s o r t  to c o m p l e x  d e s i g n  t r i c k s  tha t  i n -  
c r e a s e  the  p r o b a b i l i t y  of f a i l u r e .  S ince  we don ' t  have  a m a t e r i a l  tha t  
wi l l  r e s i s t  the 6 , 0 0 0  d e g r e e s  F a h r e n h e i t  of the e x h a u s t  j e t  t e m p e r a -  
t u r e  at  the n o z z l e ,  we say ,  " L e t ' s  c i r c u l a t e  the  fue l  a r o u n d  the  n o z z l e  
to cool  the  n o z z l e . "  We l l ,  the  f i r s t  t h ing  tha t  does  is  cut down the 
T -  2 in tha t  o t h e r  equa t i on .  So you a r e  t a k i n g  a l i t t l e  of the e f f i c i e n c y  
out of the  h e a t .  The  next  th ing it does  is  put in the  a d d i t i o n a l  m e c h -  
a n i c a l  c o m p l e x i t i e s  of the pump and the  tub ing  tha t  c i r c u l a t e  the fue l  
a r o u n d  the n o z z l e .  Then ,  b e c a u s e  we don ' t  have  a nose  cone  tha t  w i l l  
s t a n d  up u n d e r  a l l  t he  cond i t i ons  of r e e n t r y ,  we  say ,  " L e t ' s  t r y  a b l a -  
t ion .  W e ' l l  m i x  in s o m e  c e r a m i c s  and s o m e  o t h e r  m a t e r i a l ,  and the  
ou t s ide  wi l l  e v a p o r a t e . "  Wel l ,  if it  does  a l l  tha t  u n i f o r m l y  a s  it  
c o m e s  in,  i t  d o e s n ' t  c h a n g e  the a e r o d y n a m i c  c h a r a c t e r i s t i c s  too  
m u c h ,  but  s u p p o s e  one l i t t l e  p i ece  o v e r  on one s ide  e v a p o r a t e s  
q u i c k e r  t han  one o v e r  on a n o t h e r  and then  the  m i s s i l e  b e g i n s  to w o b -  
b l e .  Then  it d o e s n ' t  c o m e  in qui te  on the  t a r g e t .  

Up to now a l l  of t h e s e  m a t e r i a l s  p r o b l e m s  have  b e e n  w o r k e d  on 
a l m o s t  e n t i r e l y  i n c i d e n t  to d e v e l o p i n g  end  i t e m s .  The  A r m y ,  the  
Navy ,  and the  A i r  F o r c e ,  and w i th in  the  A r m y  people  l ike  the  S igna l  
C o r p s  and the  O r d n a n c e ,  and in the  A i r  F o r c e  s e v e r a l  d i f f e r e n t  
o f f i c e s ,  and in the  Navy  the  B u r e a u  of A e r o n a u t i c s  and the  B u r e a u  of 
O r d n a n c e  (which  two w e r e  r e c e n t l y  m e r g e d  into  a new B u r e a u  of 
N a v a l  Weapons} and the  B u r e a u  of Sh ips ,  and o t h e r s  m a k e  c o n t r a c t s  
f o r  end i t e m s .  T h e y  don ' t  u s u a l l y  s p e c i f y  wha t  m a t e r i a l s  to put  in an 
end  i t e m  b e c a u s e  t h e y  don ' t  know.  So t h e y  s p e c i f y  p e r f o r m a n c e  
c h a r a c t e r i s t i c s .  The  s e r v i c e s  go to the a i r c r a f t  and r o c k e t  and the 
eng ine  m a n u f a c t u r e r s - - a n d  the Space  A g e n c y  and A t o m i c  E n e r g y  
C o m m i s s i o n  a l s o  a r e  do ing  the  s a m e - - a n d  say ,  "We wan t  an e n d -  
i t e m  of s u c h  and such  a we igh t  for  s u c h  and such  a p e r f o r m a n c e . "  
T h e n  t h e s e  p r i v a t e  c o n t r a c t o r s  go out t h r o u g h  h u n d r e d s  of s u b c o n -  
t r a c t o r s  and t r y  to get  a l l  t h e s e  l i t t l e  v a l v e s  and p i e c e s  of t ub ing  and 
m a t e r i a l ,  and so fo r th ,  and put t h e m  t o g e t h e r .  T h e n  t hey  t e s t  t h e m  
and  f ind why they  d o n ' t  w o r k ,  and then  t h e y  t r y  to  i m p r o v e  the  p a r t s  
t ha t  f a i l .  As a c o n s e q u e n c e  of tha t ,  qui te  a b i t  of w o r k  is  done on 
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m a t e r i a l s .  B u t  i t  i s  h a p h a z a r d .  I t ' s  s c a t t e r e d  a l l  o v e r  t h e  p l a c e .  I t  
m a y  be  t h a t  one  o r  t w o  c o m p a n i e s  h a v e  a l r e a d y  w o r k e d  on a n d  s o l v e d  
p r o b l e m s  in c o n n e c t i o n  w i t h  one  e n d  i t e m  t h a t  s o m e  o t h e r  c o m p a n y  
w o u l d  l i k e  t o  k n o w  a b o u t  in  c o n n e c t i o n  w i t h  an  e n t i r e l y  d i f f e r e n t  e n d  
i t e m .  

In  r e c e n t  y e a r s  t h e r e  h a s  b e g u n  t o  e m e r g e  a c o n s c i o u s n e s s  t h a t ,  
w h i l e  w e ' v e  s t i l l  g o t  t o  k e e p  on w o r k i n g  on  t h e  e n d  i t e m s ,  we  a r e  u p  
a g a i n s t  a m a t e r i a l s  b a r r i e r ,  a n d  we  f i n d  t h i s  b a r r i e r  i n  e v e r y  p r o -  
g r a m  of  e v e r y  s e r v i c e .  We f i n d  i t  in  t h e  A r m y ,  N a v y ,  a n d  A i r  F o r c e ,  
w e  f i n d  i t  i n  t h e  S p a c e  A g e n c y ,  a n d  we  f i n d  i t  in  t h e  A t o m i c  E n e r g y  
C o m m i s s i o n - - b e c a u s e ,  o b v i o u s l y ,  e v e n  in  A E C  t h e i r  a t t e m p t s  t o  
m a k e  e f f i c i e n t  p o w e r  r e a c t o r s  f o r  m i l i t a r y  p u r p o s e s  a n d  f o r  c i v i l i a n  
p u r p o s e s  a r e  g o v e r n e d  b y  t h a t  s a m e  T -  2 m i n u s  T -  1 e q u a t i o n .  T h e s e  
l a t t e r  a g e n c i e s  n e e d  h i g h e r  t e m p e r a t u r e  m a t e r i a l s  a n d  t h e y  a l s o  n e e d  
specialized materials with certain nuclear characteristics to stand 
up in the highly radioactive fields of their reactors. 

So we n o w  h a v e  e m e r g i n g  t h e  i d e a  t h a t  m a t e r i a l s  p r o b l e m s  m u s t  
b e  a t t a c k e d  on a b r o a d  f r o n t  d i r e c t l y  a s  m a t e r i a l s  p r o b l e m s .  T h a t  
m a k e s  i t  a v e r y  d i f f i c u l t  t h i n g ,  b e c a u s e  in  o u r  c i v i l i a n  p u r s u i t s ,  in  
o u r  c o l l e g e  a n d  o u r  s c i e n t i f i c  t r a i n i n g ,  t h e r e  a r e  no  d i s c i p l i n e s  a t  t h e  
p r e s e n t  t i m e  c l e a r l y  l a b e l e d  " m a t e r i a l s .  " T h e r e  a r e  c i v i l  e n g i n e e r s  
w h o  d e s i g n  b r i d g e s  a n d  t h e y  k n o w  a g o o d  b i t  a b o u t  t h a t .  T h e r e  a r e  
a e r o n a u t i c a l  e n g i n e e r s  w h o  d e s i g n  a i r f r a m e s .  T h e r e  a r e  m e c h a n i c a l  
e n g i n e e r s  w h o  d e s i g n  e n g i n e s .  T h e r e  a r e  m e t a l l u r g i s t s  w h o  w o r k  
w i t h  m e t a l s .  T h e r e  a r e  e l e c t r i c a l  e n g i n e e r s  w h o  w o r k  w i t h  t r a n s i s -  
t o r s ,  d i o d e s ,  c o n d e n s e r s ,  a n d  t u b e s .  T h e n  t h e r e  a r e  c e r a m i s t s ,  
w h o  h a v e  s t u d i e d  c e r a m i c s  a n d  w h o  w o r k  w i t h  t h e  o x i d e s  a n d  t h e  
n i t r i d e s  of  t h e  m e t a l s .  T h e n  t h e r e  a r e  p h y s i c i s t s  a n d  c h e m i s t s ,  a n d  
p h y s i c a l  c h e m i s t s .  E a c h  p u r s u e s  a v e r y  n a r r o w  a r e a  w i t h  g r e a t  
a b i l i t y  b u t  n o n e  of t h e m  c a n  b r i n g  t h e  w h o l e  b o d y  of a v a i l a b l e  k n o w l -  
e d g e  to  b e a r  on  t h e  m a t e r i a l s  b a r r i e r s  h o l d i n g  up  t h e  d e f e n s e  e f f o r t s .  

W h a t  i s  b e i n g  d o n e  a b o u t  i t  ? V e r y  l i t t l e  i s  b e i n g  d o n e  a t  t h e  
p r e s e n t  t i m e ,  I r e g r e t  t o  s a y .  I t h i n k  i t  i s  f a i r  t o  s a y  t h a t  t h e  p r o b -  
l e m  i s  r e c o g n i z e d ,  a n d  r e c o g n i t i o n  of  a n y  p r o b l e m  s h o u l d  be  t h e  
p r e l u d e  t o  s o l u t i o n .  I b e l i e v e  f r o m  w h a t  C o l o n e l  B l a c k  s a i d  t h a t  
y o u ' v e  a l l  h a d  c o p i e s  of  t h e  1960 r e p o r t  of  t h e  N a t i o n a l  A c a d e m y  of  
S c i e n c i e s '  C o m m i t t e e  on t h e  S c o p e  a n d  C o n d u c t  of  M a t e r i a l s  R e s e a r c h  
e n t i t l e d ,  " M o r e  E f f e c t i v e  O r g a n i z a t i o n  a n d  A d m i n i s t r a t i o n  of  M a t e -  
r i a l s  R e s e a r c h  a n d  D e v e l o p m e n t  f o r  N a t i o n a l  S e c u r i t y .  " T h i s  r e p o r t  
m a k e s  a n u m b e r  of  v e r y  s p e c i f i c  r e c o m m e n d a t i o n s .  S o m e  of  w h i c h  
a r e  a l r e a d y  b e i n g  w o r k e d  on .  I f  t h e y ' d  l e a v e  a l l  t he  c o m m i t t e e s  ou t  
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of W a s h i n g t o n  and give the  r e s p o n s i b i l i t y  to s o m e  s p e c i f i c  a g e n c y  
a l o n g  wi th  the m o n e y  to so lve  the  p r o b l e m ,  w e ' d  be  a l l  r i g h t .  But  in 
~ny e v e n t  we had a c o m m i t t e e  h e r e  m a k i n g  a r e p o r t ,  and the p r o b l e m  
i s  r e c o g n i z e d  at a h igh  l e v e l .  

Now I ' l l  b r i e f l y  d e s c r i b e  what  s m a l l  s t e p s  a r e  going on. But  I 
wan t  to s a y  tha t  I p e r s o n a l l y  th ink  t hey  a r e  t o t a l l y  i n a d e q u a t e  to the  
t h r e a t  tha t  we f a c e .  T h e  D e f e n s e  D e p a r t m e n t  i s  put t ing  up s o m e  
m o n e y ,  about  $20 m i l l i o n  a y e a r ,  o r  s o m e t h i n g  l ike  tha t ,  to a s s i s t  
u n i v e r s i t i e s  in e s t a b l i s h i n g  m a t e r i a l s  s c i e n c e  c e n t e r s  on a g r a d u a t e  
l e v e l ,  w h e r e  t h e i r  f a c u l t i e s  of p h y s i c s ,  c h e m i s t r y ,  m e t a l l u r g y ,  c e r a -  
m i c s ,  and so f o r t h ,  can  b r i n g  t h e s e  d i f f e r e n t  d i s c i p l i n e s  and t h e i r  
g r a d u a t e  s t u d e n t s  and p r o f e s s o r s  t o g e t h e r  to w o r k  on the  p r o b l e m .  
The  D e p a r t m e n t  of D e f e n s e ,  t h r o u g h  the  D i r e c t o r  fo r  D e f e n s e  R e -  
s e a r c h  and E n g i n e e r i n g ,  h a s  gone  to e a c h  of the  t h r e e  s e r v i c e s  on 
s e v e r a l  o c c a s i o n s  and found out wha t  b a s i c  m a t e r i a l s  w o r k  they  a r e  
s u p p o r t i n g  and wha t  a d d i t i o n a l  w o r k  t h e y  would  l i ke  to s u p p o r t  but  do 
not  have  the  funds  fo r ,  and t h e n  the  D i r e c t o r  of D e f e n s e  R e s e a r c h  and 
E n g i n e e r i n g  has  m a d e  a v a i l a b l e  a d d i t i o n a l  funds  to the  tune  of about  
$20 m i l l i o n  a y e a r  to c a r r y  out p r o j e c t s .  

T h e r e  h a v e  b e e n  g r e a t  s u r v e y s  m a d e .  H e r e ' s  one {holding up), 
e n t i t l e d  " R e p o r t  of the C o m m i t t e e  on R e f r a c t o r y  M e t a l s "  m a d e  by 
the  M a t e r i a l s  A d v i s o r y  B o a r d  of the  N a t i o n a l  A c a d e m y  of S c i e n c e s .  
It i s  d e v o t e d  who l ly  to t h e s e  m a t e r i a l s  on the  top of the  h igh t e m p e r a -  
t u r e  c h a r t  {Char t  2): t u n g s t e n ,  r h e n i u m ,  t a n t a l u m ,  m o l y b d e n u m ,  
p l a t i n u m ,  c o l u m b i u m ,  c h r o m i u m ,  and v a n a d i u m .  It s a y s  wha t  the 
s o u r c e s  a r e  and wha t  the  p r o b l e m s  a r e  a h e a d  fo r  e a c h  one .  I t ' s  
abou t  an  inch  t h i ck ,  a l m o s t  too m u c h  fo r  any  top o f f i c ia l  in  the  
P e n t a g o n  to r e a d ,  so t hey  took  tha t  and t h e y  m a d e  a s u m m a r y  of i t .  
T h e r e ' s  the  s u m m a r y ,  about  34 p a g e s .  T h e n  to get  i t  up to the  top  
l e v e l  t h e y  m a d e  a s u m m a r y  of the  s u m m a r y .  T h e y  have  b e e n  w o r k -  
ing  m o r e  than  two y e a r s  on ge t t i ng  the  r e p o r t  and the  s u m m a r y  and 
the  s u m m a r y  of the  s u m m a r y .  I hope  now t h e y  a r e  ge t t i ng  on wi th  
the  t a s k  of do ing  s o m e t h i n g .  

T h e r e  a r e  a coup le  o t h e r  p r o b l e m s  tha t  I ' d  l ike  to t a l k  to you  
about  a long  t h i s  v e r y  l i n e ,  s o m e  tha t  I ' v e  had p e r s o n a l  e x p e r i e n c e  
wi th .  B a c k  in 1948 and 1949, when  we w e r e  ge t t i ng  r e a d y ,  s o m e  of 
u s ,  fo r  the  w a r  tha t  we though t  w a s  c o m i n g - - t h o u g h  o f f i c ia l  po l i cy  
s e e m e d  l a r g e l y  t o  i g n o r e  the  p o s s i b i l i t y  of w a r  at  t ha t  t i m e ,  we w e r e  
s u p p o s e d  to be  c l o s e r  to p e a c e  than  we had e v e r  b e e n  at  any  t i m e - -  
we  got  t a l k i n g  wi th  the A i r  F o r c e  peop le  about  t h e i r  h i g h - t e m p e r a t u r e  
n e e d s ,  and a t  t ha t  t i m e  i t  w a s  h igh t e m p e r a t u r e s  fo r  j e t  e n g i n e s .  We 
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k n e w  t h e n  we h a d  t o  go  a b o v e  1 , 8 0 0  d e g r e e s .  T h e  A i r  F o r c e  w a n t e d  
t o  go  u p  to  c o l u m b i u m ,  w i t h  a m e l t i n g  p o i n t  of  a b o u t  4 , 4 0 0  d e g r e e s  
F a h r e n h e i t .  B u t  t h e y  w e r e n ' t  g o i n g  a h e a d .  Y o u  k n o w  w h y ?  B e c a u s e  
U . S .  g e o l o g i s t s - r a n d  I d o n ' t  m e a n  t h i s  c r i t i c a l l y ,  b u t  i t ' s  t h e  s o r t  o f  
t h i n g  y o u  h a v e  ~ o ' ~ ¢ ~ c h - - s a i d  t h e r e  w e r e  o n l y  a m i l l i o n  o r  s o  p o u n d s  
of  c o l u m b i u m  in  t h e  w h o l e  w o r l d  t h a t  t h e y  k n e w  a b o u t ,  a n d  t h a t  t h i s  
w a s n ' t  e n o u g h  to  m a k e  t h e  j e t  e n g i n e s  i n  q u a n t i t i e s  t h a t  t h e  A i r  F o r c e  
w a n t e d ,  a n d  t h a t  t h e r e f o r e  we  o u g h t  t o  f o r g e t  a b o u t  c o l u m b i u m ,  f o r  
t h e y  c o u l d  m a k e  o n l y  a f e w  e n g i n e s .  W h e n  t h e  K o r e a n  w a r  c a m e  
a l o n g  h e r e ' s  t h e  k i n d  of  p r o g r a m  w e  p u t  i n .  S i n c e  t h e r e  w a s  l i t t l e  
k n o w n  a b o u t  p o t e n t i a l  s o u r c e s  of  c o l u m b i u m ,  w e  c o u l d n ' t  go  ou t  a n d  
m a k e  s e n s i b l e  p r o c u r e m e n t  c o n t r a c t s  w i t h  s u p p l i e r s .  T h e y  d i d n ' t  
k n o w  w h e r e  t h e  s o u r c e s  w e r e  o r  t h e  c o s t s  of  p r o d u c t i o n .  T h e  g o i n g  
p r i c e  w a s  a b o u t  $ 1 . 4 0  a p o u n d ,  s o  we  a n n o u n c e d  a c o l u m b i u m - t a n t a l u m  
p r o g r a m  t o  t h e  w o r l d - - n o t  j u s t  t o  t h e  U n i t e d  S t a t e s  b u t  t o  t h e  w o r l d - -  
a n d  we  s a i d ,  " I n  t h e  n e x t  f i v e  y e a r s ,  w h o e v e r  d e l i v e r s  a p o u n d  of  
c o l u m b i u m  o r e  of  c e r t a i n  s p e c i f i c a t i o n s  to  t h e  G o v e r n m e n t  w i l l  g e t  
t h e  $ 1 . 4 0  a p o u n d  p l u s  $ 1 . 4 0  b o n u s . "  I t  w a s  a 100 p e r c e n t  i n c r e a s e .  
A n d ,  in  l e s s  t h a n  f i v e  y e a r s ,  we go t  15 m i l l i o n  p o u n d s  o f  c o l u m b i u m  
o r e  of s p e c i f i c a t i o n  g r a d e  d e l i v e r e d  to  t h e  G o v e r n m e n t .  

So y o u  d o n ' t  w a n t  t o  h a n g  b a c k  b e c a u s e  of s o m e o n e ' s  t h e o r y  o r  
a s s e r t i o n  t h a t  t h e r e  i s n ' t  e n o u g h  of  a n y  of  t h e s e  e l e m e n t s .  T h e  
r e a s o n  t h e r e  i s n ' t  e n o u g h  of  m o s t  t h i n g s  i s  t h a t  n o b o d y  l o o k s  f o r  t h e m  
u n l e s s  t h e r e  i s  a n e e d  f o r  t h e m .  R a t h e r  t h a n  s i t  a r o u n d  a n d  s a y ,  
" W h i c h  s h o u l d  c o m e  f i r s t ,  t h e  c h i c k e n  o r  t h e  e g g ? "  w h a t  we  n e e d  i s  
a n  e x p a n s i o n  of  t h e  s u p p l i e s  of t h e  r a w  m a t e r i a l s  p r i o r  t o  o r  s i m u l -  
t a n e o u s  w i t h  t h e  d e v e l o p m e n t  of  t h e  m e t a l l u r g y  of  t h e  m a t e r i a l  a n d  
t h e  a r t s  of  h o w  t o  u s e  i t .  

T h i s  c o n c e p t  h a s  b e e n  v e r y  h a r d  to  p u t  a c r o s s .  We p u t  i t  a c r o s s  
i n  t h e  e a r l y  d a y s  of  t h e  K o r e a n  w a r  b e c a u s e  e v e r y b o d y  w a s  s c a r e d  
s t i f f  t h a t  t h e  w a r  w o u l d  e x p a n d  a n d  g e t  t o  b e  a b i g g e r  o n e .  A s  s o o n  
a s  t h i n g s  g o t  a l i t t l e  m o r e  p e a c e f u l ,  a n d  a s  s o o n  a s  t h e  B u d g e t  B u r e a u  
g o t  a l i t t l e  f i r m e r  g r i p  on t h e  c h a i n  o f  c o m m a n d ,  m a t e r i a l s  e x p a n -  
s i o n  w a s  t a p e r e d  of f .  

I ' l l  g i v e  y o u  a n o t h e r  s t o r y .  T h e  h i g h e s t  t e m p e r a t u r e  m e t a l  h a s  
a s o m e w h a t  h i g h e r  m e l t i n g  p o i n t  b u t  i t  i s  a n  a m o r p h o u s  m a t e r i a l ,  
n o t  a m e t a l ,  s o  i t  s h o u l d  b e  o b v i o u s  t h a t  t u n g s t e n  w o u l d  b e  a v e r y  
i m p o r t a n t  m e t a l .  B u t  t h e  G o v e r n m e n t  w a s  r e l u c t a n t  t o  t a k e  t u n g s t e n  
i n t o  t h e  s t o c k p i l e  w h e n  t h e  C h i n e s e  o f f e r e d  i t  p r i o r  t o  t h e  K o r e a n  
w a r  a t  $10 a u n i t .  A f e w  m o n t h s  a f t e r  t h e  K o r e a n  w a r  s t a r t e d  t h e  
p r i c e  w e n t  to  $80 a u n i t .  T h e n  t h e  G o v e r n m e n t  s t a r t e d  to  b u y .  W h e r e  
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we had p r e v i o u s l y  p r o d u c e d  only 3 m i l l i o n  pounds  a y e a r  in t h i s  c o u n -  
t r y - - a n d  u s e d  about  6 or  7 m i l l i o n  fo r  n o r m a l  t u n g s t e n  a l l o y s ,  not  fo r  
h i g h - t e m p e r a t u r e  m a t e r i a l s - - t h e  G o v e r n m e n t  had to put in a p r o g r a m  
in wh ich  we sa id ,  " W e ' l l  pay $63 a un i t  fo r  any  d o m e s t i c  p r o d u c t i o n .  " 
C o m p a r e  tha t  to the $10 at  w h i c h  it cou ld  have  b e e n  bought .  By 
1955 t u n g s t e n  m i n i n g  p r o d u c t i o n  in th i s  c o u n t r y  went  up to 16 m i l l i o n  
pounds  a y e a r ,  whi le  we w e r e  u s ing  about  8 m i l l i o n  pounds .  So the  
d o m e s t i c  p r o d u c t i o n  a lone  g r e w  to about  double  the d o m e s t i c  use  of 
the m a t e r i a l  at  tha t  t i m e ,  g iven  an i n c e n t i v e .  T h i s  is a n o t h e r  i l l u s -  
t r a t i o n  of why the supply  b a s e  m u s t  be e x p a n d e d  in the ca se  of h i g h -  
t e m p e r a t u r e  and s p e c i a l - p r o p e r t y  m a t e r i a l s .  Now w e ' v e  got the 
t u n g s t e n  on hand  and can  jus t i fy  do ing  the e x p e r i m e n t a l  m e t a l l u r g i c a l  
w o r k  r e q u i r e d  to f ind p r o p e r  a l l o y s .  

I t ' s  not  enough  to ju s t  ge t  one of t h e s e  m e t a l s  and have  it  as  a 
b a r  of m e t a l  and say ,  "Wel l ,  now,  the  p r o b l e m  i s  so lved .  " Tha t  i s  
only the  b e g i n n i n g .  You have  to a l l o y  m e t a l  and shape  it ,  and jo in  i t .  
Whi le  we can  r e a d i l y  r o l l  c o n v e n t i o n a l  a l u m i n u m  and c o p p e r  and s t e e l  
a l l o y s ,  how a r e  we going to  r o l l  a h i g h - t e m p e r a t u r e  m e t a l  w h o s e  
m e l t i n g  point  is  h i g h e r  t han  the  m e l t i n g  point  of a l l  the c o n v e n t i o n a l  
r o l l i n g  m a t e r i a l ?  The  r o l l  would  m e l t  b e f o r e  the  new m e t a l  wou ld .  
How a r e  we go ing  to we ld  new h i g h - t e r m p e r a t u r e  m e t a l s  when  they  
ox id ize  u n d e r  a l m o s t  any c o n d i t i o n ?  We n e e d  a lot  of e x p e r i m e n t a l  
w o r k  on jo in ing  t h e s e  h i g h - t e m p e r a t u r e  m e t a l s  once  we have  t h e m .  
Should  t hey  be  r i v e t e d ,  b o l t e d ,  o r  c r i m p e d  t o g e t h e r  ? Should we 
a r c - w e l d  t h e m ?  Should we weld  wi th  s p e c i a l  c o a t i n g s  ? Or  in a 
s h i e l d e d  a t m o s p h e r e ?  Could we s u b m e r g e  the  a r c  in a f lux?  Could  
we  s p o t - w e l d  t h e m ?  Could  we b r a z e  t h e m ?  How do we b e s t  put t h e m  
t o g e t h e r ?  P e r h a p s  p l a s m a  j e t s ,  e l e c t r o n  b e a m s ,  o r  u l t r a s o n i c  
m e t h o d s  wou ld  h e l p .  T h e r e  i s  s o m e  th ink ing  to the  e f fec t  tha t  we 
shou ld  u s e  p o w d e r  m e t a l l u r g y - - t h a t  i s  t ake  the m e t a l  o r  a l l oy  in a 
v e r y  p u r e  f o r m  and m a k e  it in to  a f i ne ly  d iv ided  p o w d e r ,  c o m p r e s s  
the  p o w d e r ,  s i n t e r  it, t hen  f o r g e  i t ,  and thus  have  i t  in the r e q u i r e d  
s h a p e .  T h e r e  i s  so m u c h  tha t  n e e d s  to be  done w h e r e  we d o n ' t  have  
the  e x p e r i e n c e  t o d a y .  A l m o s t  any  p lan t  of any r e a s o n a b l e  s i ze  t o d a y  
can  hand le  a l u m i n u m ,  s t e e l ,  o r  c o p p e r  a l l o y s .  P r a c t i c a l l y  no one 
can  hand le  t h e s e  exo t i c  m a t e r i a l s ,  even  if  we had t h e m .  

J u s t  one i l l u s t r a t i o n  of wha t  the  s e r v i c e s  a r e  do ing  to a l l e v i a t e  
t h i s  p r o b l e m  i s  shown by wha t  t h e y  c a l l  the  " I n - F a b "  se tup  s p o n -  
s o r e d  by  the  Navy  wi th  the  U n i v e r s a l  C y c l o p s  S t ee l  C o m p a n y .  T h e y  
have  m a d e  a s t e e l  c h a m b e r  42 f ee t  w ide ,  97 f ee t  long,  and 23 f ee t  
h igh .  T h i s  c h a m b e r  i s  a i r t i g h t .  T h e y  a r e  go ing  to w o r k  in tha t  
c h a m b e r  wi th  a r g o n ,  w h i c h  i s  an  i n e r t  gas  tha t  d o e s n ' t  r e a c t  l ike  
oxygen  or  h y d r o g e n  o r  n i t r o g e n  in the  n o r m a l  a t m o s p h e r e .  T h e y  a r e  
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go ing  to w o r k  in th i s  r o o m  wi th  99. 995 p e r c e n t  pure  a r g o n ,  and have  
t e m p e r a t u r e s  of 4, 000 d e g r e e s  F a h r e n h e i t  so as  to handle  the new 
h i - t e m p ,  m e t a l s .  The w o r k e r s  wi l l  have  to w o r k  in s h i e l d e d  s u i t s ,  
wi th  ou t s ide  c o n t r o l s ,  and a l l  tha t  s o r t  of th ing .  But  t h a t ' s  j u s t  one 
f a c i l i t y .  So you can see  how r e m o t e  we a r e  f r o m  any  m a j o r  e f fo r t  
in  a t t a c k i n g  th i s  p r o b l e m .  

Before concluding I would like to say a little about the stockpile. 
As I have said before, on conventional materials, like copper, lead, 
zinc, tin, manganese, chrome, and so forth, our present strategic 
stockpiles, if we can keep the Budget Bureau from selling them to 
get the money to balance the budget, will be adequate to meet many 
of the threats, not only of all-out war but also of economic warfare 
and limited warfare. And I underline that economic warfare and 
limited warfare, because, what do you think the Communists are 
doing in Cuba with that nickel production that we encouraged there 
with the Freeport Sulphur Company and at the U.S. Government- 
owned Niearo operation? That was some of the nickel we were going 
to count on. Now they are going to trade that off to the Chinese or 
Czechs or some other Communists for something they need from 
abroad. What do you think the unrest in Africa is about ? Do you 
think it is just to stir the natives up, or is it also intended to even- 
tually deny the U.S. and Europe the raw materials of the African 
Continent? So we want to go pretty slow in selling off our stockpile 
today just to get a little money, when we see these political and eco- 
nomic warfare threats ahead. If we leave the stockpile alone it is in 
pretty good shape on the conventional materials. 

Look  at the  "S tockp i l e  R e p o r t  to the C o n g r e s s "  m a d e  by OCDM. 
H e r e  is  the l a t e s t  one (ho ld ing  it up) da ted  O c t o b e r  1960. You can  
have  a c c e s s  to  i t .  Look  at the l i s t  of 76 m a t e r i a l s  b e i n g  s t o c k p i l e d .  
S e v e r a l  of the h i g h - t e m p e r a t u r e  m a t e r i a l s  tha t  I have  m e n t i o n e d  a r e  
not  even  on the  s t o c k p i l e  l i s t .  R h e n i u m  i s n ' t  on the  s t o c k p i l e  l i s t ,  
and it has  a m e l t i n g  point  n e a r  t u n g s t e n .  T h e y  a r e  not  s t o c k p i l i n g  
any  r h e n i u m .  Why n o t ?  They  say ,  "Wel l ,  we don ' t  have  any  s p e c i -  
f i c a t i o n s  o r  c e r t i f i e d  r e q u i r e m e n t s  fo r  i t . "  N a t u r a l l y  they  d o n ' t .  
Bu t  t hey  ought  to be ge t t i ng  it in  any  f o r m  at th i s  t ~ n e .  T h e y  ought  
to  get  it as  a w a s t e  or  an a l l oy  o r  a r o c k  or  any th ing  e l s e  tha t  has  
r h e n i u m  in it ,  and s t o c k p i l e  i t .  You don ' t  f ind t e l l u r i u m  on tha t  l i s t ,  
w h i c h  has  v e r y  i n t e r e s t i n g  t h e r m o e l e c t r i c  p r o p e r t i e s  r e l a t i n g  to 
c o n v e r t i n g  e l e c t r i c i t y  in to  h e a t ,  or, c o n v e r s e l y ,  hea t  in to  e l e c t r i c i t y .  
So t h e r e ' s  a lot  ye t  to be done when  it c o m e s  to s t o c k p i l i n g  fo r  f u t u r e  
s e c u r i t y  n e e d s .  
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I'd like to close by just saying that I wish we knew more about 
what the Russians are doing. We don't. I'll just show you atextbook 
here. You are free to examine it in the intermission or afterward. It 
was prepared about i0 or 12 years ago by a noted Russian geochemist 
by the name of Fersman. The interesting thing about this textbook is 
that it was prepared first for their scientists and then this edition was 
run off for students by the Ministry of Children's Literature. They 
do show that the book is for the more advanced students in the grade 
schools. I want to tell you that there is information in this of a type 
that I didn't get until I had finished several graduate courses in my 
own fields of mining, geology, geophysics, and so forth, and which 
the average engineer would never get. I'm going to hold this up and 
show you just one illustration (see figure i, page 18) of what the Rus- 
sians have in their book for their children. Remember it was 1948 
when this book was issued. This was the period of peace that we had 
never been so close to before. They show the tank, and all the alloy- 
ing metals needed for it such as columbium, tungsten, molybdenum, 
manganese, nickel, and chrome. The tank is shooting off shells, and 

they show the ingredients in the shells. Above is a military airplane, 
made from titanium, mercury, copper, molybdenum, chromium, and 
nickel. And they show the searchlight beam, with all the rare earths 
listed that go into making the searchlight components. So their little 
kids had an early appreciation of the strategic importance of these 
materials. You don't see Russia today relying on imported materials 
from very many countries. You see them with an adequate stockpile. 
You see them developing their own resources. And you see them in- 
fusing this consciousness of the military importance of materials at 
the earliest stage. The kids that read this book in 1948-1949, and 
1950 are the scientists today who are working on those rockets and 
missiles over there. Ithink they are probably doing pretty good work. 

I t h i n k  w e ' v e  d o n e  g o o d  w o r k ,  t o o ,  b u t  we  m u s t  r e c o g n i z e  t h a t  
w e  a r e  in  a r a c e .  I t ' s  n o t  g o o d  e n o u g h  t o  j u s t  k e e p  on  d o i n g  a s  we  
h a v e  b e e n  d o i n g .  I t ' s  n o t  g o o d  e n o u g h ,  in  m y  o p i n i o n ,  t o  h a v e  t h e  
s t r e n g t h  t o  o b l i t e r a t e  t h e  e n e m y .  S o m e  d e f e n s e  p l a n n e r s  s a y ,  " W e l l ,  
w e  c a n  s i t  b a c k .  We  c a n  b l o w  t h e  e n e m y  u p  t h r e e  t i m e s  o v e r  and  he  
c a n  b l o w  u s  u p  o n l y  t w i c e ,  s o  h e ' s  n o t  g o i n g  t o  do  i t . "  B u t  i f  he  d e -  
v e l o p s  one  g o o d ,  e f f i c i e n t ,  r o c k e t  t h a t  h a s  t h e  m e a n s  o f  d e l i v e r i n g  a 
p o w e r f u l  w e a p o n  f a r  m o r e  p r e c i s e l y ,  f a r  m o r e  a c c u r a t e l y ,  a n d  f a r  
m o r e  r e l i a b l y  t h a n  we c a n  do  i t ,  a n d  if  he  d e m o n s t r a t e s  h i s  p r o f i -  
c i e n c y  to  d o  t h a t ,  h e  m a y  h o l d  t h e  d e c i d i n g  e d g e .  I t  i s n ' t  t h e  t o t a l  
s i z e  of y o u r  a r s e n a l ;  i t ' s  w h o  s h o o t s  f i r s t .  M a y b e  he  d o e s n ' t  e v e n  
h a v e  to  s h o o t  i t  a t  u s ,  t h o u g h  I t h i n k  he  w i l l .  M a y b e  a l l  h e  n e e d s  to  
d o  i s  pu t  on  s o m e  c o n v i n c i n g  d e m o n s t r a t i o n s .  T h e n  a l l  t h e  w a v e r i n g  
n a t i o n s  m a y  q u e s t i o n  w h e t h e r  t o  s i d e  w i t h  u s ,  t o  t r y  to  b e  n e u t r a l ,  o r  
t o  t h r o w  in  w i t h  t h e  s i d e  w i t h  t h e  l a r g e s t  c a n n o n  in  t h e  m o d e r n  s e n s e .  
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So new and i m p r o v e d  m a t e r i a l s  hold the  key  to the  f u t u r e  s u c c e s s  
of the  w h o l e  d e f e n s e  e f fo r t  in  m y  op in ion .  

G e n t l e m e n ,  i t  has  b e e n  a p l e a s u r e  to  be  h e r e  th i s  m o r n i n g ,  I ' l l  
a n s w e r  q u e s t i o n s  l a t e r .  

C O L O N E L  BLACK:  Dr .  M o r g a n ,  d u r i n g  the i n t e r m i s s i o n  we had 
s e v e r a l  q u e s t i o n s  a s  to  wha t  l i e s  b e h i n d  th i s  c lo th .  So w i l l  you  a s -  
s u a g e  the  i n t e r e s t  and t ake  a few m i n u t e s  to exp la in  it ,  p l e a s e  ? 

DR. MORGAN: T h a n k  you ,  J i m .  T h i s  was  a c h a r t  ( s e e  C h a r t  3 
and Tab le  1, p a g e s  20 and 21 . )  I had  hoped  to c o v e r  in p e r h a p s  m o r e  
l e n g t h  in c o m p a r i s o n  wi th  c h a r t  2 when  t a l k i n g  about  the n e e d  fo r  
s t o c k p i l i n g .  You wi l l  r e c a l l  tha t  c h a r t  2 l i s t e d  a l l  the  e l e m e n t s  in 
r i s i n g  o r d e r  of m e l t i n g  po in t s .  C h a r t  3 s h o w s  in a r e c e n t  i n d u s t r i a l  
y e a r  the  s o u r c e  of our  s u p p l i e s  fo r  m a n y  of t h e s e  s t r a t e g i c  m a t e r i a l s .  
I ' l l  j u s t  r e a d  off s o m e  and show you w h e r e  s o m e  of t h o s e  m a t e r i a l s  
a r e ,  to give you  an i d e a  of the s i t u a t i o n .  We a r e  w o r l d  s o u r c e s  fo r  
v a n a d i u m ,  m a g n e s i u m ,  and m o l y b d e n u m .  In the  c a s e  of c o p p e r ,  
m e r c u r y ,  z inc ,  l e ad ,  b i s m u t h ,  f l u o r i n e ,  c a d m i u m ,  coba l t ,  and b a u x -  
i t e  we i m p o r t  m a j o r  q u a n t i t i e s .  And when  we c o m e  to c o l u m b i u m ,  
a n t i m o n y ,  n i c k e l ,  b e r y l l i u m ,  c h r o m e ,  m a n g a n e s e ,  a s b e s t o s ,  p l a t i -  
n u m ,  m i c a ,  t a n t a l u m ,  t in ,  and d i a m o n d s ,  we i m p o r t  n e a r l y  ou r  to t a l  
supp ly .  

Note  e s p e c i a l l y  the h i g h - t e m p e r a t u r e  m a t e r i a l s .  H e r e ' s  t a n t a l u m  
a l m o s t  who l ly  i m p o r t e d .  T h a t ' s  a h i g h - t e m p e r a t u r e  m a t e r i a l .  T u n g -  
s t e n  I d i d n ' t  put on, b e c a u s e  we can be  e i t h e r  d o m e s t i c a l l y  s e l f -  
s u f f i c i e n t  o r  who l ly  d e p e n d e n t  on i m p o r t s  f r o m  f o r e i g n  s o u r c e s ,  
d e p e n d i n g  on p r i c e .  T h a t ' s  why you  d o n ' t  s ee  tha t  on t h e r e .  R h e -  
n i u m - - w e  d o n ' t  now u s e  any  and we d o n ' t  i m p o r t  any ,  so t h e r e ' s  no 
po in t  in pu t t ing  tha t  on the  c h a r t .  M o l y b d e n u m - - w e  a r e  s e l f - s u f f i -  
c i e n t  in .  C o l u m b i u m  i s  a l m o s t  who l ly  i m p o r t e d .  H a f n i u m  i s  d e r i v e d  
f r o m  z i r c o n i u m ,  w h i c h  c o m e s  l a r g e l y  f r o m  i m p o r t s .  T h i s  shows  tha t  
in a n o r m a l  c o m m e r c i a l  y e a r  f o r  m a n y  of the  i m p o r t a n t  m a t e r i a l s  
we  a r e  d e p e n d e n t  to  a g r e a t  d e g r e e  on i m p o r t s .  H e n c e  t h e r e  is  t he  
n e e d  f o r  s t o c k p i l i n g .  
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T a b l e  1 - S t r a t e g i c  M a t e r i a l s  I m p o r t s  
i n  a r e c e n t  Y e a r  
(Metals and Minera l s  0n ly)  

Aluminum . . . . . . . . . . . . . . . . . . . . . . . . . .  Manufactured,  75 percent  froln imported 
ot 'es  

Ant imony  . . . . . . . . . . . . . . . . . . . . . . . . . . .  Impor t  85 percent  of p r i ma ry  supply 
A s b e s t o s ,  antos i te  . . . . . . . . . . . . . . . . . . .  Impor t  100 percent  
A s b e s t o s ,  eh ry so t i l e  . . . . . . . . . . . . . . . . .  Impor t  !M) percent  plus  of s t ra teg ic  

g rades  
Asbes tos ,  erovtdol i te  . . . . . . . . . . . . . . . . .  h a p o r t  100 percent  
Bauxi te ,  a t i ras ive  . . . . . . . . . . . . . . . . . . .  ] 
Baux i te ,  meta l  grade  . . . . . . . . . . . . . . . .  f Impor t  about  75 percent  
Bauxi te ,  r e f rac to ry  grade  . . . . . . . . . . . .  / 
Beryl_= . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Impor t  90 percent  
B i smuth  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Impor t  50 percent  
Cadmimn . . . . . . . . . . . . . . . . . . . . . . . . . . .  Impor t  70 percent  
Celes t i te  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Impor t  95 percent  
Chrom~te,  chemica l  grade  . . . . . . . . . . . .  hnpor t  100 percen t  
Ghrcmtite,  m e t a l l u r g i c a l  g rade  . . . . . . . .  lml~)r t  90 percent  
Chromi te ,  r e f r a c t o r y  grade  . . . . . . . . . . .  Imltor t  100 percent  
Cobal t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Impor t  70 percent  
C o l u m b i t e  . . . . . . . . . . . . . . . . . . . . . . . . . .  Impor t  85 percent  
Copper . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Impor t  20 percent  
Corundum . . . . . . . . . . . . . . . . . . . . . . . . . .  hnpo r t  100 percent  
Cryoli te ,  n a t u r a l  . . . . . . . . . . . . . . . . . . . .  Do. 
Diamonds,  i ndus t r i a l  ~ b e r t  and Impor t  100 percent,  syn the t i c  process can 

stones, produce some of requi rements  
F luorspar ,  acid g rade  . . . . . . . . . . . . . . . .  Impor t  50 percent  
F luorspar ,  me ta l lu rg ica l  g rade  . . . . . . .  Impor t  65 percent  
(~raphite,  C e y l O n - -  c rys ta l l ine  and] 

a m o r p h o u s .  [ 
Graph i t e ,  M a d a g a s c a r - - c r y s t a l l i n e [  Impor t  100 percent  

• and  a m o r p h o u s .  ) 
Graphi te ,  o ther  than  Ceylon and  Near ly  selhsufl~cient 

Madagasca r - - c rys t a l l i ne .  
Lead . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  hnpo r t  50 percent  of p r i ma ry  lead 
b lagnes ium . . . . . . . . . . . . . . . . . . . . . . . . .  Mamffac ture  from sea w a t e r  
Manganese ,  b a t t e r y  grade,  n a t u r a l  Impor t  90 percent  

o r a .  

Manganese,  ba t t e r y  grade, synthet ic  Manufac tu re  from imported and domesltc  
dioxide,  ores 

Manganese ,  c h e m i c a l  grade,  t y p e  A]  
ore  . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . .  I 

M a n g a n e s e ,  chemica l  "grade, t ype  B [  Impor t  100 percent  
ore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

M a n g a n e s e  ore, m e t a l l u r g i c a l  grade__ Impor t  90 percent  
Mercury . . . . . . . . . . . . . . . . . . . . . . . . . . .  Impor t  40 percent  

Mica,  m u s c o v i t e  block, s ta ined  A / B ~  
at~d b e t t e r  . . . . . . . . . . . . . . . . . . . . . . . .  I 

Mica, muscovi te  block, s ta ined  B and~ Impor t  98 percent  
lower ............................ ! 

Mica ,  muSCovi te  f i lm,  f irst  and  sec - [  
e nd  qua l i t i e s  . . . . . . . . . . . . . . . . . . . . .  ] 

Mica, muscovi te  sp l t t t t ags  . . . . . . . . . . .  ] 
Mica, phlogopi te  block . . . . . . . . . . . . . .  ~ I m p o r t  100 percent  
Mica, phlogopl te  sp l l t t lngs  . . . . . . . . . . .  J 
Molybdenum . . . . . . . . . . . . . . . . . . . . . . . .  Uni ted S ta t e s  produces 90 percent  of 

world supply 
N i c k e l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Impor t  90 percent  

Pla t i nwa t  g r oup  m e t a l s :  
I r i d i u m  . . . . . . . . . . . . . . . . . . . . . . . . .  Impor t  ~5 percent  
P a l l a d i u m  . . . . . . . . . . . . . . . . . . . . . .  Impor t  98 percent  
P l a t i n u m  . . . . . . . . . . . . . . . . . . . . . . .  Impor t  95 percent  

Q u a r t z  c ry s ta l s  . . . . . . . . . . . . . . . . . . . . .  Impor t  100 percent,  can be produced syn- 
the t i ca l ly  

R a r e  ea r th s  . . . . . . . . . . . . . . . . . . . . . . . . .  Es sen t i a l l y  self-sufficient for  cer ium 
groups, problem could a r i s e  i f  demand  
for heavy,  y t t r i u m  groups increases  

Ru t i l e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E .~ent ia  I Iy self-sufficient 
Selenium . . . . . . . . . . . . . . . . . . . . . . . . . .  = "Essent ia l ly  self-sufficient, p a r t  refined 

here  from impor ted  copper ores 
Talc,  s tea t l te ,  block . . . . . . . . . . . . . . . . .  Synthet ic  can meet  needs 
Talc,  s t ea t i t e  ground . . . . . . . . . . . . . . . . .  Es sen t i a l l y  self-sufficient 
T a n t a l i t e  . . . . . . . . . . . . . . . . . . . . . . . . . . .  Impor t  nea r ly  100 percent  
T i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Impor t  100 percent  
Tungs ten  . . . . . . . . . . . . . . . . . . . . . . . . . . .  Can produce present  needs a t  over mar- 

ket  price 
Vanad ium . . . . . . . . . . . . . . . . . . . . . . . . . .  P resen t  excess because coproduct wi th  

u r , q n i l l m  
Zinc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Impor t  4.3 percent  
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QUESTION: I no t i ce  you f a i l ed  to m e n t i o n  h e l i u m  in y o u r  l e c t u r e .  
R e c e n t l y  I r e a d  an a r t i c l e  in a m a g a z i n e  w h i c h  i n d i c a t e d  tha t  s c i e n t i s t s  
at  the  C a l i f o r n i a  I n s t i t u t e  of T e c h n o l o g y  in a r e c e n t  e x p e r i m e n t  had  
led  h e l i u m  t h r o u g h  a n o s e  cone  at t e m p e r a t u r e s  w h i c h  n o r m a l l y  a r o u n d  
the  nose  cone  r e a c h e d  18 ,000 d e g r e e s ,  and,  in l e a d i n g  h e l i u m  t h r o u g h  
th i s  s m a l l  p inpoin t  ho le ,  it  f o r m e d  a m o l e c u l a r  b l a n k e t  a r o u n d  the  nose  
cone  w h i c h  kept  the t e m p e r a t u r e  to 2 , 5 0 0  d e g r e e s .  A l so  in r e g a r d  to 
h e l i u m ,  I have  h e a r d  about  the  r e c e n t  e x p e r i m e n t s  m a d e  in p y r o g e n i c s  
wi th  low t e m P e r a t u r e s  in w h i c h  I b e l i e v e  h e l i u m  goes  to 7 .2  d e g r e e s  
above  a b s o l u t e  z e r o .  It m o l e c u l i z e s  in one f o r m  and t a k e s  o t h e r  f o r m s  
in  l o w e r  d e g r e e s .  Wi l l  you  p l e a s e  s p e a k  to tha t  in r e f e r e n c e  to y o u r  
h igh t e m p e r a t u r e s  in m e t a l l u r g y ?  

DR.  MORGAN: Y e s ,  H e l i u m  is  a v e r y  i m p o r t a n t  i n e r t  gas  t ha t  
w a s  u s e d  i n i t i a l l y  by the  m i l i t a r y ,  as  you  a l l  know,  in d i r i g i b l e s  and 
b l i m p s  b e c a u s e  of i t s  f i r e p r o o f n e s s  and l i f t ing  q u a l i t i e s .  I t ' s  now u s e d  
in i m e r t  w e l d i n g  a p p l i c a t i o n s .  I c i t ed  a r g o n  as  s u c h  a m a t e r i a l .  H e -  
l i u m  can  a l s o  be  u s e d .  We a r e  f o r t u n a t e l y  s e l f - s u f f i c i e n t  and in fac t  
one of the  few w o r l d  s o u r c e s .  It is  r e c o v e r e d  i n c i d e n t  to n a t u r a l  gas  
p r o c e s s i n g  in the  s o u t h w e s t  of th i s  c o u n t r y .  B e c a u s e  of i t s  s t r a t e g i c  
i m p o r t a n c e  i t  w a s  p e r h a p s  the  f i r s t  m a t e r i a l  to be  p u t u n d e r  ful l  Gov-  
e r n m e n t  c o n t r o l .  In o t h e r  w o r d s ,  in Wor ld  W a r  I, when  they  had the  
q u e s t i o n  of the  z e p p e l i n s ,  they  m a d e  h e l i u m  in to  a G o v e r n m e n t  m o -  
nopoly .  It s t i l l  i s  u n d e r  the c o n t r o l  of the  B u r e a u  of M i n e s ,  wh ich  
r e g u l a t e s  the c i v i l i a n  gas  p r o d u c e r s .  F o r t u n a t e l y  we a r e  s e l f - s u f f i -  
c i e n t  in h e l i u m  and a r e  u s i n g  i t  in a n u m b e r  of d e f e n s e  a p p l i c a t i o n s .  

QUESTION: D o c t o r ,  m y  q u e s t i o n  c o n c e r n s  f a b r i c a t i o n ,  i n s p e c t i o n ,  
and t e s t i n g  of the  s t a t i c  e n v i r o n m e n t  of s o m e  of the new m a t e r i a l s  you 
have  m e n t i o n e d - - f o r  i n s t a n c e  the  h o n e y c o m b  c o n s t r u c t i o n .  A s t a t i c  
t e s t  of tha t  would  s e e m  to be  c o n s i d e r a b l y  m o r e  d i f f i cu l t  than  a 
s t r a i g h t  r i v e t  c o n s t r u c t i o n ,  and in the  h i g h e r  t e m p e r a t u r e  the  s t a t i c  
t e s t i n g  of the  s u b s t r u c t u r e  in a g r o u n d  e n v i r o n m e n t .  Are  the i n s p e c -  
t ion  and t e s t i n g  m e t h o d s  k e e p i n g  pace  wi th  even  the  l agg ing  m a t e r i a l  
evo lu t i on  tha t  you poin ted  out in y o u r  d i s c u s s i o n ?  

C O L O N E L  BLACK:  Could you  a l l  h e a r  t h a t ?  

DR. MORGAN: I can  r e p e a t  the  q u e s t i o n .  I t  is: Are  we k e e p i n g  
pace  in i n s p e c t i o n  and t e s t i n g ?  I don ' t  th ink  we a r e  at a l l ,  f o r  the  
s i m p l e  r e a s o n  tha t  we don ' t  even  have  a d e q u a t e  p r o d u c t i o n  f a c i l i t i e s  
to  p r o d u c e  t h e s e  m a t e r i a l s  and f a b r i c a t e  t h e m  in the  f i r s t  p l a c e .  So 
o b v i o u s l y  t h e r e  a r e n ' t  enough  t e s t i n g  f a c i l i t i e s  to s i m u l a t e  t h o s e  c o n -  
d i t i o n s  u n d e r  wh ich  the  end i t e m s  a r e  going to o p e r a t e .  Th i s  

22 



~ " . 6  ~ 

g e n t l e m a n  a s k e d  about  the  h o n e y c o m b .  I t ' s  a v e r y  good ques t ion .  How 
do you t e s t  i t  wi thout  d e s t r o y i n g  i t  ? You can  t ake  a c e r t a i n  n u m b e r  of 
t h e m ,  and s t a t i s t i c a l l y  d e t e r m i n e  tha t  m a y b e  5 p e r c e n t  or  s o m e t h i n g  
l ike  tha t  i s  a r e p r e s e n t a t i v e  s a m p l e ,  and t e a r  the  5 p e r c e n t  a p a r t  and 
s e e  how they  t e a r  apa r t ,  and d e s t r o y  the  5, and then  a s s u m e  the  o t h e r  
95 of t h e m  a r e  a l l  r i g h t .  T h a t ' s  one way of do ing  i t .  But  on m a n y  of 
t h e s e  t h ings  we n e e d  a t e s t  of e a c h  i t e m .  On t h e s e  h o n e y c o m b s ,  fo r  
e x a m p l e ,  we a r e  w o r k i n g  on a l l  s o r t s  of m e t h o d s  of t e s t i n g .  Sonic and 
u l t r a s o n i c  v i b r a t i o n s  a r e  be ing  e m p l o y e d .  T h e y  m a y  s p r e a d  the  s t a i n -  
l e s s  s t e e l  wing  s e c t i o n  out, c o v e r  i t  wi th  sand,  sub j ec t  it to son ic  
v i b r a t i o n ,  and t h e  sand p a t t e r n  on top  wi l l  show d i f f e r e n t  v a r i a t i o n s  
w h e r e  i t  v i b r a t e s  d i f f e r e n t l y ,  w h e r e  the  h o n e y c o m b  hasn  't b e e n  a t t a c h e d  
and w h e r e  i t  h a s .  They  a r e  w o r k i n g  on u l t r a s o n i c  and e l e c t r o n i c  d e -  
v i c e s  tha t  would pas s  o v e r  a s e c t i o n  and m a k e  a r e c o r d i n g  of t h e  
u l t r a s o n i c  r e s p o n s e ,  the  v i b r a t i o n  tha t  y o u ' d  get  back  f r o m  i t .  Then  
the  c h a r t  would  show w h e r e  the d e f e c t i v e  a r e a  was ,  i f  t h e r e  was  one,  
and so fo r th .  But  i t  t a k e s  a lot  of c o r r e l a t i o n  a n d  s a m p l i n g ,  to  m a k e  
s u r e  tha t  you r e a l l y  know tha t  the  end  r e s u l t  i s  what  you want .  I t ' s  
a v e r y  g r e a t  a r e a  tha t  i s  only b e i n g  s c r a t c h e d  as  we ge t  new m a t e r i a l s .  

QUESTION: About a y e a r  and o n e - h a l f  ago a l a b o r a t o r y  p r o c e s s  
w a s  announced  fo r  c a s t i n g  m o l y b d e n u m .  I w a s  w o n d e r i n g  what  p r o g -  
r e s s  i s  b e i n g  m a d e  fo r  d e v e l o p i n g  a c o m m e r c i a l  p r o c e s s  fo r  i t .  

DR. MORGAN: They are working on that, but that brings up a 
very interesting observation that I am glad you gave me the opportun- 
ity to m a k e .  As I sa id  b e f o r e ,  i t  i s n ' t  j u s t  hav ing  the  m a t e r i a l .  I t ' s  
how do you d e s i g n  i t  and f a b r i c a t e  i t  and u s e  i t ?  L e t ' s  say  we had  a 
p u r e  p i ece  of m o l y b d e n u m .  L e t ' s  say  tha t  a j e t - e n g i n e  b l a d e ,  w h i c h  
i s  now m a d e  of n i c k e l ,  and cobal t  a l loy  and wh ich  s t a n d s  up at 1 ,800,  
w e r e  to be  m a d e  of pu re  m o l y b d e n u m .  It w o u l d n ' t  s t and  up at  4 ,800  
d e g r e e s  F a h r e n h e i t - - t h e  m e l t i n g  point ,  but  we m i g h t  t h ink  it would  
s t and  up at 3 ,300  d e g r e e s  w h i c h  would  be  60 o r  70 p e r c e n t  of the  
m e l t i n g  point .  But  t h a t ' s  wi th  r e g a r d  to m e l t i n g  point  only.  Now i t  
h a p p e n s  tha t  m o l y b d e n u m  is  sub j ec t  to  c a t a s t r o p h i c  ox ida t ion  at 
e l e v a t e d  t e m p e r a t u r e s .  If we get  any oxygen  in  t h e r e  i t  i m m e d i a t e l y  
p icks  up the  oxygen  and g o e s  to p i e c e s .  So it i s n ' t  enough  ju s t  to be  
ab le  to  m a k e  the  p a r t  out of m o l y b d e n u m .  We a r e  go ing  to  have  to  
p la te  i t ,  o r  coa t  i t  wi th  s o m e t h i n g  of equa l  or  h i g h e r  m e l t i n g  point ,  
and p r e f e r a b l y  f a i r l y  f l ex ib l e  and sof t  so tha t  i t  has  a s e l f - h e a l i n g  
s t r u c t u r e .  Maybe  the  m o l y b d e n u m  wi l l  have  to  be  p la ted  wi th  a p l a t -  
i n u m  m e t a l  or  wi th  r h e n i u m  or  s o m e t h i n g  l ike  tha t .  In fac t ,  what  
t hey  f ind m a k e s  a v e r y  s t r o n g  a l loy  i s  an a l loy  of o n e - t h i r d  r h e n i u m  
and t w o - t h i r d s  m o l y b d e n u m .  Wel l ,  the  U . S .  could  r e a d i l y  p r o d u c e  
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100 m i l l i o n  pounds  a y e a r  of m o l y b d e n u m ,  but  w e ' v e  only got a few 
o u n c e s  of r h e n i u m  p e r  y e a r .  So how m a n y  pounds  of the end i t e m  can  
you  m a k e  of a one to  two pa r t  a l loy  if y o u ' v e  got  m i l l i o n s  of pounds  of 
one and a few o u n c e s  of the o t h e r ?  You s e e  the  n e e d  fo r  d e v e l o p i n g  
r h e n i u m  supp l i e  s.  

The  poin t  tha t  I want  to e m p h a s i z e  i s  t ha t  a l l  of ou r  m a t e r i a l s  tha t  
we  know of t oday  a r e  c o m p l e x  t h i n g s .  T h e y  a r e  not  j u s t  s i m p l e  m a t e -  
r i a l s .  T a k e  r e i n f o r c e d  c o n c r e t e - - i t  ha s  s t e e l  r o d s  in i t .  It  ha s  g r a v e l  
c a r e f u l l y  s i z e d .  It h a s  the  c e m e n t .  We m u s t  u s e  c l e a n  w a t e r  f o r  b e s t  
r e s u l t s .  We m u s t  d e s i g n  the c o n f i g u r a t i o n  of the  end i t e m .  We m u s t  
put a s e a l i n g  coa t  on the  o u t s i d e ,  and so f o r t h .  A who le  lot  of m a t e -  
r i a l s  and t e c h n o l o g y  go in to  m a k i n g  a u s a b l e  th ing  out of e v e n  a s i m p l e  
m a t e r i a l  l ike  c o n c r e t e .  

QUESTION: S i r ,  you  i n d i c a t e d  tha t  m u c h  r e s e a r c h  has  gone  on in 
v a r i o u s  d i v e r s e  a c t i v i t i e s  in th i s  f i e ld  i n G o v e r n m e n t - - A r m y ,  Navy ,  
and A i r  F o r c e - - i n  u n i v e r s i t i e s ,  and in i n d u s t r y .  My q u e s t i o n  is:  
What  e f f o r t s  have  we m a d e  to  c a t a l o g  th i s  i n f o r m a t i o n  on a n a t i o n a l  
s c a l e ,  p a r t i c u l a r l y  p r o p r i e t a r y  i n f o r m a t i o n ,  f r o m  i n d u s t r y ?  

DR. MORGAN: T h a t ,  s i r ,  is  a good one .  H e r e  I ' l l  j u s t  point  out 
a r e c e n t  r e p o r t  f r o m  M e r r i l l ,  L y n c h ,  P i e r c e ,  F e n n e r  & S m i t h  on 
" R e s e a r c h  and D e v e l o p m e n t  and the  I n v e s t o r . "  Of c o u r s e  e a c h  one 
of t h e s e  c o m p a n i e s  l i k e s  to point  out wha t  t h e y  a r e  do ing ,  and m a k e  
it  sound i m p r e s s i v e  so tha t  peop le  buy  the  s tock ,  and e v e r y t h i n g  goes  
up.  If you  look  t h r o u g h  th i s  r e p o r t ,  e v e r y  o t h e r  page has  m a t e r i a l s  
on i t .  T h e r e ' s  t a n t a l u m ,  z i r c o n i u m ,  p y r o - c e r a m ,  d e l r i n ,  and a hos t  
of o t h e r s .  Y o u ' d  th ink  tha t  e v e r y b o d y  is  do ing  no th ing  but  w o r k i n g  on 
m a t e r i a l s .  Wel l ,  t h e r e  is  a lot  of w o r k  going  on in d i f f e r e n t  p l a c e s .  
But  the  c a t a l o g i n g  of i t  is  e x t r e m e l y  d i f f i cu l t  b e c a u s e  of our  pa ten t  
l a w s .  In the  f i r s t  p l ace ,  m a n y  of the c o m p a n i e s  want  to ge t  pa t en t  
r i g h t s  if  t h e y  d e v e l o p  s o m e t h i n g .  So they  a r e  not  going to a n n o u n c e  
t h e i r  h a l f - s u c c e s s e s  p a r t  way  a long  the  l i ne .  

P e r h a p s  even  m o r e  i m p o r t a n t  than  pa ten t  r i g h t s ,  h o w e v e r ,  a r e  
i n - h o u s e  p r o c e d u r e s  in a c o m p a n y  tha t  a r e n ' t  even  p a t e n t a b l e ,  but  
w h e r e  t hey  have  the  k n o w l e d g e  of how to do c e r t a i n  t h i n g s ' - - t h e  s o -  
c a l l e d  " k n o w - h o w "  tha t  i n d u s t r y  t a l k s  about .  Th i s  e n a b l e s  a c o m p a n y  
to  b id  on s u c c e s s i v e  c o n t r a c t s  c h e a p e r  than  t h e i r  c o m p e t i t o r s .  So 
t h e r e  a r e  m a n y  th ings  in th i s  f ie ld  tha t  t h e y  w o u l d n ' t  even  t r y  to pa ten t ,  
b e c a u s e ,  if  t h e y  took  out the  pa ten t ,  t hey  would  d i s c l o s e  wha t  t h e y  
w e r e  do ing .  I t ' s  m o r e  i m p o r t a n t  tha t  t h e y  d o n ' t  d i s c l o s e  i t  and so 
k e e p  the k n o w - h o w  wi th in  the  c o m p a n y  so  a s  to be  able  to put in the  
l o w e r  b id  the next  t i m e .  
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Then  t h e r e  is  the  d i f f i cu l ty  of c o m m u n i c a t i o n .  We have  found ou r  
l i b r a r i e s  of s c i e n t i f i c  k n o w l e d g e  in ju s t  E n g l i s h  expand ing  at  a f a r  
g r e a t e r  r a t e  t han  the  i n d i v i d u a l  s c i e n t i s t  o r  e n g i n e e r ,  o r  e v e n  a t e a m  
of t h e m ,  can  keep  up wi th .  I a m  g lad  to s ay  tha t  the  D e f e n s e  D e p a r t -  
m e n t  is  t ak ing  a s t ep  f o r w a r d  in  t h i s  d i r e c t i o n .  At B a t t e l l e  M e m o r i a l  
I n s t i t u t e ,  w h i c h  is  g e n e r a l l y  c o n s i d e r e d  one of the  h i g h - c l a s s  c e n t e r s  
of m e t a l l u r g i c a l  r e s e a r c h ,  the  D e f e n s e  D e p a r t m e n t  has  se t  up and 
funded  wi th  D e f e n s e  D e p a r t m e n t  m o n e y  wha t  t h e y  ca l l  a D e f e n s e  M e t a l s  
E v a l u a t i o n  C e n t e r .  A lot  of i n f o r m a t i o n  f r o m  a l l  o v e r  the w o r l d  p lus  
t e c h n i c a l  i n f o r m a t i o n  f r o m  t r i p s  in the  f i e ld  by  the  B a t t e l l e  s c i e n t i s t s ,  
i s  put t o g e t h e r ,  and f r o m  t i m e  to t i m e  t hey  put out r e p o r t s  on the  s t a t e  
of the  a r t  f o r  the  l a t e s t  m a t e r i a l s .  The  D e f e n s e  D e p a r t m e n t  h a s  done 
the  s a m e  th ing  a t  P i c a t i n n y  A r s e n a l  fo r  p l a s t i c s .  T h e y  have  a D e f e n s e  
P l a s t i c s  E v a l u a t i o n  C e n t e r  at  P i c a t i n n y .  And the  D e f e n s e  D e p a r t m e n t  
i s  now w o r k i n g  on c e r a m i c s  w h i c h  o f fe r  s o m e  p r o m i s e  in the h i g h -  
t e m p e r a t u r e  f i e ld .  C e r a m i c s  a r e  r e s i s t a n t  to h igh  t e m p e r a t u r e s .  
T h e y  a r e  e x t r e m e l y  b r i t t l e ,  though .  T h e y  d o n ' t  have  the  d u c t i l i t y  and 
the  f l e x i b i l i t y  of m e t a l s .  So D e f e n s e  i s  w o r k i n g  now on s e t t i ng  up a 
D e f e n s e  C e r a m i c s  I n f o r m a t i o n  C e n t e r .  

The  t r a n s m i s s i o n  of t h i s  i n f o r m a t i o n  f r o m  m a n  to  m a n  and the  
t r a n s l a t i o n  of wha t  s c i e n t i s t s  r e p o r t  in to  wha t  d e s i g n  e n g i n e e r s  can  
u s e  i s  one of the  v e r y  g r e a t  d i f f i c u l t i e s  in  t h i s  a r e a ,  and aga in  i t  i s  
one of the  a r e a s  w h e r e  so m u c h  m o r e  n e e d s  to  be  done than  wha t  i s  

go ing  on now.  

QUESTION: D o c t o r  M o r g a n ,  I w a s  g lad  to h e a r  you  r e f e r  to i t e m s  
tha t  we do not  and should  s t o c k p i l e .  Do you  have  any  s u g g e s t i o n s  as  
to  how we can  apply  m o b i l i z a t i o n  r e q u i r e m e n t s  a t  the  top  of the  m i l i -  
t a r y  so tha t  we  can  m a n a g e  to  se t  up s t o c k p i l e  o b j e c t i v e s  and ge t  to 
w o r k ?  I a m  s p e a k i n g  s p e c i f i c a l l y  at  the m o m e n t  of t e l l u r i u m .  

DR.  MORGAN: The  g r e a t  g a m e  in W a s h i n g t o n  in p e a c e t i m e - - a n d  
I f e a r  a l m o s t  e v e r y b o d y  t h inks  th i s  i s  p e a c e t i m e - - i s  to p a s s  the  b u c k  
to  s o m e  o t h e r  a g e n c y  o r  to s o l v e  y o u r  p r o b l e m  wi th  the  o t h e r  a g e n c y ' s  
a u t h o r i t y .  So I ' l l  t e l l  you  how t h i s  g o e s .  The  OCDM, w h i c h  is  in 
c h a r g e  of the s t o c k p i l e  p r o g r a m ,  w r i t e s  a l e t t e r  to the  Space  A g e n c y ,  
the  A t o m i c  E n e r g y  C o m m i s s i o n ,  and the  D e f e n s e  D e p a r t m e n t ,  and 
s a y s ,  " P l e a s e  l e t  u s  have  y o u r  f i r m  m o b i l i z a t i o n  r e q u i r e m e n t s  f o r  
any  m a t e r i a l s  we d o n ' t  have  on the  l i s t . "  N a t u r a l l y ,  a l l  t h e s e  t h i n g s  
a r e  e x p e r i m e n t a l  and h a v e n ' t  b e e n  w o r k e d  on. T h e r e  a r e n ' t  any  f i r m  
m o b i l i z a t i o n  r e q u i r e m e n t s  fo r  any th ing ,  if anybody  w a n t e d  to know 
the  t r u t h ,  b e c a u s e  we  d o n ' t  know wha t  k ind of w a r  we  a r e  going to 
have  to f ight  t o m o r r e w  m o r n i n g .  If i t ' s  the  a l l - o u t  n u c l e a r  w a r ,  we 
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a r e  go ing  to f ight  i t  wi th  the w e a p o n s  we have  today .  If i t ' s  a l i m i t e d  
w a r ,  we a r e  going to f ight  i t  wi th  s o m e  m o r e  d i v i s i o n s  than  wha t  we  
have  now, I hope ,  and t hey  a r e  going to n e e d  m o r e  w e a p o n s  and s u p -  
p l i e s .  

J u s t  p r i o r  to  the  K o r e a n  w a r  we w e r e  s i t t i ng  a r o u n d  wi th  a $12 
b i l l i o n  m i l i t a r y  budge t ,  and the nex t  y e a r  i t  w a s  $60 b i l l i o n  when  the  
K o r e a n  w a r  s t a r t e d .  What  w e r e  the  f i r m  m o b i l i z a t i o n  r e q u i r e m e n t s  on 
24 June  19507 T h e y  w e r e  e n t i r e l y  d i f f e r e n t  on 26 June  1950. T h e y  
n e v e r  w e r e  f i r m ,  bu t  t h e y  w e r e  m i l i t a r y  r e q u i r e m e n t s .  And in any  
p e r i o d  of e x t e n d e d  e c o n o m i c  w a r f a r e  our  m a t e r i a l s  n e e d s  would  u n -  
d o u b t e d l y  be  g r e a t e r  than  in a l l - o u t  w a r .  

OCDM is  in the  c l e a r ,  now.  T h e y  say ,  "We w r o t e  th i s  l e t t e r  to 
t he  t h r e e  a g e n c i e s . "  We l l ,  the  D e f e n s e  D e p a r t m e n t ,  now has  the  b a l l .  
So t h e y  w r i t e  to the A r m y ,  Navy,  and A i r  F o r c e ,  and,  to doubly  c o v e r  
t h e m s e l v e s ,  t h e y  w r i t e  to the  N a t i o n a l  A c a d e m y  of S c i e n c e s ,  and say ,  
"If  you  h e a r  of any th ing ,  you  le t  us  know.."  So now D e f e n s e  is  in the  
c l e a r ,  and the b u c k  is  p a s s e d  to A r m y ,  Navy ,  A i r  F o r c e ,  and the  
N a t i o n a l  A c a d e m y  of S c i e n c e s .  Then  the  s e r v i c e s  go out and a s k  t h e i r  
p r i v a t e  c o n t r a c t o r s :  "Wha t  m a t e r i a l s  do you  see  on the  h o r i z o n ? "  
T h e y  ge t  a lot  of l e t t e r s  b a c k  and f o r t h .  

What  we need  is  s o m e o n e  wi th  the  s c i e n t i f i c  v i s i o n  to look at  the  
t o t a l  t ab l e  of e l e m e n t s  and d e c i d e  s c i e n t i f i c a l l y  w h i c h  ones  a r e  the  
l i k e l y  ones  to be  u s e d  in the f u t u r e ,  and then ,  s h o r t c u t t i n g  e n t i r e l y  
t h i s  m u m b o  j u m b o  of f i r m  m i l i t a r y  r e q u i r e m e n t s ,  we ought to go out 
and  get  an a d e q u a t e  supply  of t h e s e  m a t e r i a l s  in the r a w  s t a t e  w h i l e  
the  g e t t i n g  is  good.  I ' d  l ike  to  s u g g e s t  how tha t  m i g h t  be done wi thou t  
m o n e y ,  in c a s e  t h e r e  is  anyone  h e r e  f r o m  the  B u r e a u  of the  B u d g e t .  

We have  on h a n d - - a n d  both  p o l i t i c a l  p a r t i e s  have  e x p r e s s e d  
c o n c e r n  a b o u t - - S 9  b i l l i o n  w o r t h  of a g r i c u l t u r a l  s u r p l u s e s - - S 9  b i l l i o n .  
T h e y  a r e  s t o r e d ,  and  t h e y  a r e  d e t e r i o r a t i n g .  We t ake  about  a 10 p e r -  
c en t  l o s s  e a c h  y e a r  on t h e m .  So t h e r e ' s  n e a r l y  a b i l l i o n  d o l l a r s  l o s t  
e a c h  y e a r  on the  $9 b i l l i o n  a g r i c u l t u r a l  s u r p l u s .  If we don ' t  have  
f i r m  enough  m i l i t a r y  r e q u i r e m e n t s  to j u s t i f y  s p e n d i n g  the t a x p a y e r s '  
m o n e y  fo r  new m a t e r i a l s ,  we ought  to b a r t e r  f o r  t h e m .  At l e a s t  f o r  
t h e  new ones  t ha t  we  d o n ' t  have  any o f - - i t  i s n ' t  a ques t ion  of how m u c h  
r h e n i u m  we shou ld  have ,  we don ' t  have  any of i t - - w e  ought  to  go out  
and b a r t e r  s o m e  of the  w h e a t ,  c o r n ,  co t ton ,  and oats  tha t  a r e  s p o i l i n g  
wi th  a nybody  in the w o r l d  (and I would  even  i n c l u d e  the R u s s i a n s  in 
tha t ,  if t hey  a r e  s i l l y  enough  to g ive  us  r h e n i u m )  fo r  s o m e  of the  
r h e n i u m  and the  t h ings  tha t  we n e e d .  
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But,  when  you e x a m i n e  the l a t e s t  b a r t e r  l i s t  which  jus t  c a m e  out 
on 4 N o v e m b e r  1960, what  do you find on i t ?  Th i s  i s  the  l i s t  of m a t e -  
r i a l s  wh ich  they  now take  in exchange  of s u r p l u s  a g r i c u l t u r a l  c o m -  
m o d i t i e s - - n o  m o n e y  n e c e s s a r y :  A n t i m o n y - - a w a y  down on the  b o t t o m  
of the  t e m p e r a t u r e  char t ;  a m o s i t e  a s b e s t o s - - w e l l ,  t h a t ' s  good; you 
can  a lways  u s e  a s b e s t o s ;  baux i t e ,  the  o r e  of a l u m i n u m - - w e  can a l w a y s  
u s e  s o m e  m o r e  baux i te ;  h a n d - c o b b e d  b e r y l - - t h a t ' s  a good one,  b e -  
c a u s e ,  though  b e r y l  is  f a i r l y  low on the  t e m p e r a t u r e  cha r t ,  i t  has  a 
v e r y  low we igh t  and a h igh  m o d u l u s  of e l a s t i c i t y ,  and it has  s o m e  i n -  
t e r e s t i n g  n u c l e a r  p r o p e r t i e s - - s o  b e r y l  i s  a l l  r igh t ;  b i s m u t h ;  c e l e s t i t e ,  
t h e  ore  of s t r o n t i u m ;  chrome--~you  s ee  c h r o m e  on the  char t ;  d i a m o n d s ;  
f l u o r s p a r ;  a couple  of i n s i g n i f i c a n t  g r a d e s  of m a n g a n e s e ;  m i c a ;  and t in .  
W e ' v e  got enough  t in  fo r  m o r e  than  f ive  y e a r s  a l r e a d y ,  p i led  up in  the  
c o u n t r y ,  but  t h e y ' r e  go ing  out to ge t  m o r e  t in  by b a r t e r .  Why not  
s o m e  of t h e s e  h i g h - t e m p e r a t u r e  m e t a l s ?  I j u s t  cannot  c o m p r e h e n d  
why not .  

QUESTION: With r e s p e c t  to s o m e  of the  h i g h - t e m p e r a t u r e  m e t a l s  
tha t  we a r e  not  s tockp i l ing ,  and even  though i t  m i g h t  be  a bi t  d i f f i cu l t  
to  know wh ich  ones  to s t ockp i l e  if t h e r e  had b e e n  a d e t e r m i n a t i o n  m a d e  
s c i e n t i f i c a l l y  as  to  which  ones  we should  s tockp i l e ,  what  in y o u r  o p i n -  
ion  would  be  the  d o l l a r  v o l u m e  of t h e s e  tha t  we should  t r y  to s tockp i l e  ? 
Second:  What  a r e  the  p r o b l e m s  of t h e s e  m e t a l s  L~ s t o r i n g  t h e m  or  
w a r e h o u s i n g  t h e m ,  if any ? Th i rd :  What  ha s  b e e n  the  r e a c t i o n  of t he  
S e c r e t a r y  of A g r i c u l t u r e  and the  S e c r e t a r y  of State to  y o u r  p r o p o s a l  
wi th  r e s p e c t  to  b a r t e r i n g  s u r p l u s e s  fo r  t h e s e  m e t a l s ?  

DR. MORGAN: A very good ques t i on .  F i r s t ,  the vo lume :  Wel l ,  
we  have  a l r e a d y  s t o c k p i l e d  about  $7 .6  b i l l i o n  w o r t h  of the c o m m o n  
s t r a t e g i c  m a t e r i a l s .  That  w o r k s  out to be  about $40 w o r t h  p e r  m a n ,  
w o m a n ,  and ch i ld  in the  coun t ry .  I t ' s  not  too  g r e a t  an i n v e s t m e n t  
w h e n  you c o n s i d e r  tha t  i n d u s t r y  is  the  l i f e - b l o o d  of our  na t iona l  s e c u -  
r i t y  in any type of w a r .  W e ' v e  s t o c k p i l e d  $9 b i l l i on  w o r t h  of a g r i c u l -  
t u r a l  s u r p l u s e s .  T h a t ' s  about  $50 w o r t h  p e r  m a n ,  w o m a n ,  and ch i ld .  
I c a n ' t  r e s i s t  as  an as ide :  W e ' v e  a l s o  s t ockp i l ed  about  $200 m i l l i o n  
w o r t h  of c iv i l  d e f e n s e  s u p p l i e s ,  wh ich  i s  about  $1 w o r t h  p e r  m a n ,  
w o m a n ,  and ch i ld .  Go to the  d r u g s t o r e  and s ee  what  $1 wi l l  buy.  
T h a t ' s  what  t hey  have  s t o c k p i l e d  f o r  c iv i l  d e f e n s e .  

But.  I 'd  say  tha t  of a l l  t h e s e  h i g h - t e m p e r a t u r e  m a t e r i a l s .  
l u m p e d  t o g e t h e r ,  i t  would  be  good to get  a n o t h e r  b i l l i on  d o l l a r s  
w o r t h - - o v e r  s o m e  c o n s i d e r a b l e  pe r iod  of t i m e .  b e c a u s e  you have  to 
g e t  the  peop le  out s e a r c h i n g  fo r  t h e m . . a n d  ge t  ways  of c o n c e n t r a t i n g  
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t h e m ,  and a l l  tha t ,  w h i c h  don ' t  ex i s t  at  the  p r e s e n t  t i m e .  If we s t o c k -  
p i l ed  m o r e  m e t a l s  and m i n e r a l s  s t o r a g e  c h a r g e s  would  be  m i n i m a l  and 
t h e r e  wou ld  be  no l o s s e s  by d e t e r i o r a t i o n .  I n d e e d ,  in the  long  r u n  the  
va lue  of m e t a l s  and m i n e r a l s  can  only a p p r e c i a t e .  

As to  the  b a r t e r ,  i t ' s  t r u e  tha t  the  Sta te  D e p a r t m e n t  and the  
A g r i c u l t u r e  D e p a r t m e n t  have  both  r e s i s t e d  b a r t e r .  I can  t e l l  you  why 
I th ink  t hey  h a v e ,  though  th i s  m a y  be an o v e r s i m p l i f i c a t i o n .  I u s e d  to 
th ink  when  I was  a l i t t l e  boy tha t  the  State  D e p a r t m e n t  r e p r e s e n t e d  the  
U . S .  i n t e r e s t s  a b r o a d .  I found a f t e r  I w o r k e d  in W a s h i n g t o n  fo r  a 
n u m b e r  of y e a r s  tha t  t hey  have  a n o t h e r  f u n c t i o n - - t h a t  t h e y  r e p r e s e n t  
the  f o r e i g n  i n t e r e s t s  h e r e .  Why we have  a l l  the  o t h e r  e m b a s s i e s  h e r e  
in  add i t i on  i t ' s  h a r d  to u n d e r s t a n d ,  b e c a u s e  Sta te  d o e s  s u c h  a v e r y  
good job of i t .  And,  wi th  C a n a d a  and wi th  A r g e n t i n a ,  and New Z e a l a n d ,  
and a l l  t h e s e  o t h e r  c o u n t r i e s  wi th  s u r p l u s e s  of w h e a t  and wha tno t ,  tha t  
t h e y  wan t  to s e l l  e i t h e r  f o r  d o l l a r s  o r  fo r  s t e r l i n g  c u r r e n c y  e v e r y  
t i m e  we b a r t e r  s o m e t h i n g  we foul  up n o r m a l  b u s i n e s s  fo r  the C a n a -  
d i a n s  and the New Z e a l a n d e r s  and the  o t h e r s ,  and t hey  c o m e  in and 
c o m p l a i n .  So State  c o m e s  in and s a y s ,  " O u r  t r u s t e d  a l l i e s  a r e  c o m -  
p l a in ing ,  " and then  the  p r o g r a m  is  pu l led  b a c k .  T h a t ' s  one r e a s o n .  

Now I ' l l  t e l l  you  about  the A g r i c u l t u r e  D e p a r t m e n t .  If t h e y  le t  
the  a g r i c u l t u r a l  s u r p l u s e s  d e t e r i o r a t e ,  o r  if t h e y  t h r o w  t h e m  a w a y - -  
and a b i l l i o n  d o l l a r s  o r  so  i s  los t  t h r o u g h  d e t e r i o r a t i o n  or  s t o r a g e  
c h a r g e s  e v e r y  y e a r - - w h y  they  ju s t  go to C o n g r e s s  and get  an a p p r o -  
p r i a t i o n  to r e i m b u r s e  the  C o m m o d i t y  C r e d i t  C o r p o r a t i o n ' s  b o r r o w i n g  
a u t h o r i t y .  T h e y  go to C o n g r e s s  and say ,  "Wel l ,  you f a r m e r s  up h e r e  
v o t e d  th i s  p u r c h a s e  l e g i s l a t i o n .  The  s tuff  has  s p o i l e d  now,  so we 
n e e d  a n o t h e r  b i l l i on  to m a k e  the  CCC w h o l e . "  The  r e s u l t  in  t ha t  c a s e  
i s ,  t he  c o m m o d i t y  is  t h r o w n  away ,  and the  t a x p a y e r  pays  the a d d i -  
t i o n a l  b i l l i o n  d o l l a r s  to m a k e  the CCC w h o l e .  Now, if t h e y ' d  fo l low 
the  b a r t e r  r o u t e ,  the  a g r i c u l t u r a l  c o m m o d i t y  would  go a b r o a d  and 
wou ld  f eed  s o m e b o d y .  Maybe  he c o u l d n ' t  pay fo r  it in d o l l a r s  a n y w a y .  
S e c o n d l y ,  a s t r a t e g i c  m a t e r i a l  would c o m e  b a c k  h e r e  and go in our  
s t o c k p i l e .  The  CCC would  s t i l l  have  to be  m a d e  whole  f i n a n c i a l l y .  
So the  C o n g r e s s  would  a p p r o p r i a t e  e x a c t l y  the  s a m e  a m o u n t  of m o n e y ,  
to m a k e  the  CCC b o r r o w i n g  a u t h o r i t y  who le ,  but  in the  s e c o n d  c a s e  
the  t a x p a y e r  would  have  a s t o c k p i l e  of a d d i t i o n a l  s t r a t e g i c  n o n d e t e -  
r i o r a t i n g  m a t e r i a l s  of s o m e  v a l u e .  But  i t ' s  e a s i e r  fo r  the  C C C  not  to 
b o t h e r  wi th  a l l  t ha t .  The  e a s y  b u r e a u c r a t i c  r o u t e  i s  j u s t  to get  the 
a p p r o p r i a t i o n ,  u n l e s s  s o m e b o d y  t e l l s  t h e m  to  do it the  o t h e r  w a y .  So 
the  c o m b i n a t i o n  of the  two p r e s s u r e s  r e s u l t s  in  t h i s  v e r y  s m a l l  b a r t e r  
a c t i v i t y .  
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C O L O N E L  BLACK:  John ,  o u r  t i m e  i s  p r a c t i c a l l y  up.  I th ink  tha t  
you  have  r e a l l y  t aken  us  b e y o n d  the new f r o n t i e r s  of p h y s i c a l  k n o w l -  
e d g e .  I a m  s u r e  tha t  b e c a u s e  of y o u r  ab le  e f f o r t s  t h i s  m o r n i n g  we 
b e t t e r  u n d e r s t a n d  and a p p r e c i a t e  the  m a n y ,  m a n y  p r o b l e m s  c a u s i n g  
t h i s  new m a t e r i a l s  b a r r i e r .  

T h a n k  you  v e r y  m u c h  fo r  b e i n g  wi th  u s .  

(15 June  1961- -5 ,  O00)O/de:dc  
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