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Dr .  C l i f f o r d  C. F u r n a s ,  C h a n c e l l o r  of the U n i v e r s i t y  of Buffa lo ,  
w a s  b o r n  in S h e r i d a n ,  I n d i a n a ,  24 O c t o b e r  1900. He r e c e i v e d  a B . S .  
d e g r e e  f r o m  P u r d u e  in 1922; P h . D .  f r o m  the  U n i v e r s i t y  of M i c h i g a n  
in  1926; and h o n o r a r y  D. Eng .  d e g r e e s  f r o m  P u r d u e ,  1946, and Uni -  
v e r s i t y  of M i c h i g a n ,  1957. A f t e r  l e a v i n g  P u r d u e  he  was  a s s o c i a t e d  
wi th  the Sha t tuck  School ,  F a r i b a u l t ,  M i n n e s o t a  and f r o m  1926 to 1931 
c o n d u c t e d  r e s e a r c h  w o r k  on m e t a l l u r g i c a l  p r o c e s s e s  at  the  U . S .  B u r e a u  
of M i n e s  at  M i n n e a p o l i s ,  M i n n e s o t a .  He then  jo ined  Ya le  U n i v e r s i t y  as  
a s s o c i a t e  p r o f e s s o r  in c h e m i c a l  e n g i n e e r i n g  and m a i n t a i n e d  a n u m b e r  
of i n d u s t r i a l  c o n s u l t i n g  c o n n e c t i o n s .  In 1941 and 1942 he w o r k e d  fo r  
the  N a t i o n a l  D e f e n s e  R e s e a r c h  C o m m i t t e e ;  he was  appo in t ed  by C u r t i s s -  
W r i g h t  as  d i r e c t o r  of i t s  r e s e a r c h  l a b o r a t o r y  in Buffa lo  in 1942. T h i s  
l a b o r a t o r y  was  g iven  to C o r n e l l  U n i v e r s i t y  on 1 J a n u a r y  1946, at  wh ich  
t i m e  he b e c a m e  D i r e c t o r  of C o r n e l l  A e r o n a u t i c a l  L a b o r a t o r y .  D r .  
F u r n a s  h a s  s e r v e d  the D e p a r t m e n t  of D e f e n s e  R&D o r g a n i z a t i o n  and 
i t s  p r e d e c e s s o r  o r g a n i z a t i o n ,  the R&D B o a r d ,  in  v a r i o u s  c a p a c i t i e s  
s i n c e  1948. He a s s u m e d  the pos t  of C h a n c e l l o r  of the U n i v e r s i t y  of 
Buffa lo ,  1 S e p t e m b e r  1954. He was  appo in ted  A s s i s t a n t  S e c r e t a r y  of 
D e f e n s e  (R&D) on 22 N o v e m b e r  1955 and s e r v e d  in tha t  c a p a c i t y  unt i l  
15 F e b r u a r y  1957 at  wh ich  t i m e  he r e s u m e d  h i s  d u t i e s  as  C h a n c e l l o r  of 
the U n i v e r s i t y  of Buffa lo .  D r .  F u r n a s  is  a m e m b e r  of m a n y  s c i e n t i f i c  
and f r a t e r n a l  s o c i e t i e s  and o r g a n i z a t i o n s .  In add i t i on  to be ing  the au -  
t h o r  of a l a r g e  n u m b e r  of t e c h n i c a l  a r t i c l e s ,  D r .  F u r n a s  h a s  a l s o  w r i t t e n  
s e v e r a l  books .  T h i s  i s  h i s  s e c o n d  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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R E S E A R C H  AND D E V E L O P M E N T  IN T H E  A R M E D  F O R C E S  

20 D e c e m b e r  1957 

A D M I R A L  C L A R K :  T o d a y  we  h a v e  t h e  l a s t  of a s e r i e s  of s i x  l e c t u r e s  
d e v o t e d  to  t h e  g e n e r a l  s u b j e c t  of  r e s e a r c h  a n d  d e v e l o p m e n t .  Y o u  w i l l  r e -  
c a l l  t h a t  t he  p r e v i o u s  l e c t u r e s  h a v e  e a c h  c o v e r e d  a s p e c i f i c  f i e l d ,  s u c h  
a s  t h e  s o c i a l  s c i e n c e s ,  t he  e a r t h  s c i e n c e s ,  b a s i c  r e s e a r c h ,  a n d  s o  on .  
I t  i s  b o t h  f i t t i n g  a n d  t i m e l y ,  t h e r e f o r e ,  I t h i n k  now,  t o  t r y  to  r e l a t e  w h a t  
we  h a v e  l e a r n e d  to  t h e  i m m e d i a t e  p r o b l e m s  t h a t  f a c e  u s  i n  t h e  A r m e d  
F o r c e s .  We ,  t h e r e f o r e ,  h a v e  a s k e d  o u r  s p e a k e r  t o d a y  to  d i s c u s s  w i t h  
u s  t h e  s u b j e c t  of  r e s e a r c h  a n d  d e v e l o p m e n t  in t h e  A r m e d  F o r c e s ,  n o t  
w i t h  t h e  i d e a  of  b r i e f i n g  u s  on a n y  p a r t i c u l a r  h a r d w a r e  t h a t  m a y  b e  in  t h e  
o f f i n g ,  bu t ,  r a t h e r ,  to  s u g g e s t  h o w  we in  t he  m i l i t a r y  c a n  c o n t r i b u t e  to  
t h e  s c i e n t i f i c  e f f o r t ,  a n d  t h u s  to  f u r t h e r  o u r  n a t i o n a l  s e c u r i t y .  

T o  d i s c u s s  t h i s  w i t h  u s  t h i s  m o r n i n g  we  h a v e  D r .  C l i f f o r d  C. F u r n a s ,  
t h e  C h a n c e l l o r  of t h e  U n i v e r s i t y  of  B u f f a l o .  As  y o u  k n o w  f r o m  h i s  b i -  
o g r a p h y ,  D r .  F u r n a s  h a s  b e e n  c o n n e c t e d  w i t h  r e s e a r c h  a n d  d e v e l o p m e n t  
t h r o u g h o u t  m o s t  o f  h i s  l o n g  and  d i s t i n g u i s h e d  c a r e e r  a s  a w r i t e r ,  a s  a 
t e a c h e r ,  a s  a n  a d m i n i s t r a t o r ,  a n d  a s  a h i g h  p u b l i c  o f f i c i a l .  W h e n  he  l a s t  
a d d r e s s e d  t h i s  C o l l e g e ,  w h i c h  w a s  j u s t  l a s t  y e a r ,  he  w a s  t h e  A s s i s t a n t  
S e c r e t a r y  o f  D e f e n s e  f o r  R e s e a r c h  a n d  D e v e l o p m e n t .  

D r .  F u r n a s ,  i t ' s  a g r e a t  p l e a s u r e  t o  w e l c o m e  y o u  b a c k  to t h e  C o l l e g e  
a n d  to  i n t r o d u c e  y o u  to  t he  C l a s s  of 1958.  

D R .  F U R N A S :  T h a n k  y o u  v e r y  m u c h ,  A d m i r a l  C l a r k .  

G e n e r a l  M u n d y ,  G e n t l e m e n :  G e n e r a l  M u n d y  h a s  v e r y  k i n d l y  o u t l i n e d  
a w o r k  s t a t e m e n t  f o r  m e  in  f i v e  p a r t s .  So t h i s  m a k e s  t h e  t a s k  v e r y  s i m p l e .  
A l l  I h a v e  to  do is  to  s a y  a f e w  w o r d s  a b o u t  e a c h  of  t h e m  a n d  t h e n  we  a r e  
t h r o u g h .  

T h e  f i r s t  p a r t  i s  to  be  a c o n s i d e r a t i o n  of  t h e  i m p o r t a n c e  of  r e s e a r c h  
a nd  d e v e l o p m e n t  to  t h e  s e c u r i t y  of t h e  U n i t e d  S t a t e s - - a  r e a s o n a b l y  b r o a d  
s u b j e c t .  I h a p p e n  to  b e  one  of  t h o s e  w h o  a r e  c o n s i d e r e d  to  b e  q u i t e  f o r -  
t u n a t e  b e c a u s e  I w a s  b o r n  at  t h e  b e g i n n i n g  of  t he  2 0 t h  c e n t u r y .  T h e  2 0 t h  
c e n t u r y ,  at  l e a s t  u p  to  now,  h a s  c e r t a i n l y  b y  a l l  o d d s  b e e n  t h e  m o s t  f a s -  
c i n a t i n g  c e n t u r y  in  h i s t o r y .  



A g r e a t  m a n y  th ings ,  of c o u r s e ,  have  h a p p e n e d  in  t h i s  f i r s t  ha l f  
c e n t u r y  of t r e m e n d o u s  i m p o r t a n c e  in the s c i e n t i f i c  w o r l d .  I ' d  l ike  to 
po in t  out t h r e e  app l i ed  r e s e a r c h  r e s u l t s  w h i c h  a r e  m o r e  o r  l e s s  t y p i c a l  
of a lot  of t h i n g s  tha t  have  happened .  

E v e n t  n u m b e r  one h a p p e n e d  on 17 D e c e m b e r  1903, w h e n  O r v i l l e  
W r i g h t  f i r s t  f l ew a h e a v i e r - t h a n - a i r  m a c h i n e .  E v e n t  n u m b e r  two, of p r o -  
found  i m p o r t a n c e  in app l i ed  r e s e a r c h  in th i s  c e n t u r y ,  o c c u r r e d  on 4 D e -  
c e m b e r  1942, u n d e r  the s t a n d s  of S tagg  F i e l d  in C h i c a g o ,  w h e n  the  f i r s t  
f i s s i o n  c h a i n  r e a c t i o n  took p l a c e  in a u r a n i u m  p i le .  I doubt  if the g r a n d  
old  m a n  of foo tba l l r  A lonzo  Stagg,  e v e r  v i s u a l i z e d  tha t  s o m e t h i n g  l ike  
tha t  would  be the  m o s t  i m p o r t a n t  th ing  tha t  would  h a p p e n  at  S tagg F i e l d .  
But  tha t  s i t e  of the f i r s t  c o n t r o l l e d  a t o m i c  r e a c t i o n  w i l l  r e m a i n  a m e m o r y  
long  a f t e r  the U n i v e r s i t y  of Ch i cago  and i t s  m a n y - y e a r s - a g o  f o o t b a l l  ex-  
p lo i t s  have  b e e n  f o r g o t t e n .  The  t h i r d  g r e a t  and t r e m e n d o u s  e v e n t  in the  
app l i ed  r e s e a r c h  of th is  c e n t u r y  is one tha t  o c c u r r e d  v e r y  r e c e n t l y ,  
n a m e l y ,  on 4 O c t o b e r  of th is  y e a r ,  wi th  the  a n n o u n c e m e n t  of the  R u s s i a n  
l a u n c h i n g  of Sputn ik  I. 

T h e s e  t h ings  a r e  i m p o r t a n t  b e c a u s e  t hey  r e p r e s e n t  the b r e a k i n g  of 
t h r e e  d i f f e r e n t  b a r r i e r s .  N u m b e r  one,  the f i r s t  f l ight ,  r e p r e s e n t e d  the 
b r e a k i n g  the b a r r i e r  of the t h i r d  d i m e n s i o n  f o r  t r a v e l  m a c h i n e s ,  in o t h e r  
w o r d s ,  c o n q u e r i n g  the a i r .  The  l i g h t e r - t h a n - a i r  e n t h u s i a s t s  m a y  con-  
t end  tha t  t h e y  c o n q u e r e d  the a i r  in 1783 in P a r i s .  But  I f e e l  tha t  we did 
not r e a l l y  c o n q u e r  the a i r  u n t i l  the  f i r s t  f l igh t  wi th  a h e a v i e r - t h a n - a i r  
m a c h i n e ,  E v e n t  n u m b e r  two was  i m p o r t a n t  b e c a u s e  it b r o k e  the  b a r r i e r  
of the i n t e r i o r  of the a tom,  n a m e l y ,  the ab i l i t y  to c o n t r o l  n u c l e a r  e n e r g y .  
And, of c o u r s e ,  b a r r i e r  n u m b e r  t h r e e  was  the s p a c e  b a r r i e r  w h i c h  w a s  
b r o k e n  by  Sputnik.  T h e s e  e v e n t s  a r e  p r o b a b l y  the m o s t  d r a m a t i c  and 
have  had  the m o s t  d i r e c t  i n f l u e n c e  on h u m a n  a f f a i r s  d u r i n g  the 20th c e n -  
t u r y .  

As  a r e s u l t  of t h e s e  and o t h e r  d e v e l o p m e n t s ,  the h u m a n  r a c e  c a n  now, 
fo r  the f i r s t  t i m e  in h i s t o r y ,  c a r r y  w a r  to i ts  l o g i c a l  c o n c l u s i o n .  Tha t  is ,  
we can,  if we a r e  r e a l l y  s e r i o u s  about  it, d e s t r o y  e v e r y t h i n g  tha t  m a n  has  
e v e r  m a d e .  F o r  the f i r s t  t i m e  in h i s t o r y  th is  b e c o m e s  a g r i m  p o s s i b i l i t y .  
W h e t h e r  th i s  p o s s i b i l i t y  r i s e s  to a high l e v e l  of p r o b a b i l i t y  wi l l  depend  
on m a n y  s o c i o l o g i c a l  e v e n t s .  

As you w e l l  know, one a i r p l a n e ,  l e t  u s  s ay ,  a B - 5 2  at  the p r e s e n t  
t i m e ,  on one s o r t i e  can  c a r r y  and p a c k  s e v e r a l  t i m e s  as  m u c h  e x p l o s i v e  
p o w e r  in an i n s t r u m e n t  of d e s t r u c t i o n  as  a l l  of the t h o u s a n d s  of a i r p l a n e s  
on both  s i d e s  c a r r i e d  t h r o u g h o u t  the s ix  y e a r s  of W o r l d  W a r  II. In o t h e r  
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w o r d s ,  we h a v e n ' t  j u s t  upped  o u r  d e s t r u c t i v e  p o t e n t i a l  p e r  pound of 
w e a p o n s  a l i t t l e  b i t .  We have  upped  it b y  s e v e r a l  o r d e r s  of m a g n i t u d e - -  
s o m e w h e r e  b e t w e e n  1 and  10 m i l l i o n f o l d .  T h i s  is a p h e n o m e n a l  c h a n g e  
in h i s t o r y .  

The  s e c o n d  g r e a t  c h a n g e  in r e c e n t  t i m e s  i n v o l v e s  m o r e  p e a c e f u l  a s -  
p e c t s .  F o r  the  f i r s t  t i m e  we have  c o m e  to the  po in t  w h e r e ,  t h r o u g h  the 
a g e n c y  of a p p l i e d  r e s e a r c h  and d e v e l o p m e n t  and i t s  i n s t r u m e n t ,  i n d u s t r y ,  
we can  a p p r o a c h  the  goa l  of s u p p l y i n g  a l l  h u m a n  p h y s i c a l  w a n t s .  T h i s  i s  
a r e s u l t  of o u r  i n d u s t r i a l  p a t t e r n ,  w h i c h  is  c l o s e l y  l i n k e d  to r e s e a r c h  r e -  
s u l t s .  

I m i g h t  quote  r o u g h l y  a r e m a r k  of a few y e a r s  ago of the  B r i t i s h  
h i s t o r i a n  T o y n b e e .  If I r e m e m b e r  c o r r e c t l y ,  th i s  w a s  s o m e t h i n g  tha t  
a p p e a r e d  in the New Y o r k  T i m e s  M a g a z i n e .  He was  e x p o u n d i n g  o r  p r o -  
j e c t i n g  h i s t o r y  a l i t t l e  bi t  and s a y i n g  tha t  300 y e a r s  f r o m  now the 20th 
c e n t u r y  w o u l d  p r o b a b l y  not be  r e m e m b e r e d  p a r t i c u l a r l y  f o r  the u s e  of the  
a u t o m o b i l e  o r  the a i r p l a n e  o r  the a n t i b i o t i c s  or  e v e n  of a t o m i c  e n e r g y - -  
a l l  t h e s e  t h ings  wou ld  have  long s i n c e  b e e n  t a k e n  f o r  g r a n t e d - - b u t  the 
t h i n g s  w h i c h  would  s t a n d  out in h i s t o r y  would  be tha t  the m i d - 2 0 t h  c e n -  
t u r y  w a s  the f i r s t  t i m e  in ou r  h i s t o r y  of 5 ,000  o r  6 , 0 0 0  y e a r s  w h e n  m a n  
d a r e d  to b e l i e v e  tha t  i t  would  be  p o s s i b l e  to m a k e  the b e n e f i t s  of s c i e n c e  
and t e c h n o l o g y  a v a i l a b l e  to the w h o l e  h u m a n  r a c e .  

W h e t h e r  you a g r e e  c o m p l e t e l y  wi th  T o y n b e e  o r  not,  t h e r e  is  c e r t a i n l y  
an  e l e m e n t  of t r u t h  t h e r e ,  b e c a u s e  wha t  i s  h a p p e n i n g  in  o u r  s o c i o l o g i c a l  
p r e s s u r e s  at  the  p r e s e n t  t i m e  t h r o u g h o u t  the  2 . 5  b i l l i on  peop l e  in the  
w o r l d  is p r i m a r i l y  t i ed  up with  peop le  who a r e  s e e k i n g ,  by e i t h e r  w i s e  
Or  u n w i s e  m e t h o d s ,  to a c q u i r e  the b e n e f i t s  of s c i e n c e  and t e c h n o l o g y  so 
t h e y  can  have  a r e a s o n a b l y  d e c e n t  s t a n d a r d  of l iv ing .  

It  is  s t i l l  t r u e ,  as  i t  has  p r o b a b l y  b e e n  a l l  t h r o u g h  h i s t o r y ,  tha t  at  
l e a s t  ha l f  the w o r l d  is  ha l f  s t a r v e d ,  i l l  c lo thed ,  i l l  h o u s e d ,  and in a m i s -  
e r a b l e  s t a t e .  But  now t h e y  b e g i n  to s e e  tha t  it  is  not  r e a l l y  n e c e s s a r y  f o r  
h u m a n  a f f a i r s  to be  tha t  way .  We have  the n e c e s s a r y  k n o w l e d g e ,  and the  
p h y s i c a l  m e a n s  can  be  ob ta ined ,  to r e l i e v e  the  lot of the a v e r a g e  h u m a n  
b e i n g .  Th i s  is a t r e m e n d o u s  m o t i v a t i n g  f a c t o r  and is b a c k  of the m a j o r  
p a r t  of o u r  s o c i o l o g i c a l  t u r m o i l  at  the  p r e s e n t  t i m e .  

So  t h o s e  two p o t e n t i a l s - - c a r r y i n g  w a r  to i t s  l o g i c a l  c o n c l u s i o n  and  
c a r r y i n g  i n d u s t r i a l  p r o d u c t i o n  to i t s  l o g i c a l  c o n c l u s i o n  f o r  c i v i l i a n  u s e - -  
a r e  the  two i m p o r t a n t  t r e n d s  of h i s t o r y  of the  l a s t  ha l f  c e n t u r y .  T h e y  have  
a g r e a t  d e a l  to do wi th  o u r  p r e s e n t  p r o b l e m s  and s i t u a t i o n s .  
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U n f o r t u n a t e l y ,  w e  do  no t  h a v e  v e r y  m u c h  t i m e  to  a d j u s t  o u r s e l v e s  
t o  t h e s e  two  p r i m e  f o r c e s .  H u m a n  e v e n t s ,  in  t h e  y e a r s  p a s t ,  h a v e  m o v e d  
r a t h e r  s l o w l y .  At  t h e  p r e s e n t  t i m e  t h e y  a r e  m o v i n g  a t  l e a s t  10 t i m e s  a s  
r a p i d l y ,  n o t  o n l y  in  t e c h n o l o g i c a l  b u t  a l s o  in  s o c i o l o g i c a l  m a t t e r s ,  a s  
e v e r  b e f o r e .  A t  t h e  m o m e n t  we  a r e  i n  c o m p e t i t i o n  w i t h  w h a t  I t h i n k  a l l  
o f  u s  w i l l  c o n c e d e  to  be  v e r y  t r a g i c  i d e o l o g y ,  n a m e l y ,  R u s s i a n  c o m -  
m u n i s m .  B u t  t e c h n o l o g i c a l l y  t h e  R u s s i a n s  a r e  g o o d ,  a n d  we  a r e  j u s t  
n o w  b e g i n n i n g  to r e a l i z e  h o w  g o o d  t h e y  a r e .  We m a y  n o t  l i k e  i t ,  b u t  we 
h a v e  to  a d m i t  i t ;  a n d  e v e n  t h e  p u b l i c  i s  a d m i t t i n g  i t  a f t e r  S p u t n i k s  I a n d  II .  

I might say in passing' that it is my opinion that we ought, officially 
or otherwise, to congratulate the Russians on their great accomplishment. 
I think that's only in keeping with the American tradition of good sports- 
manship. We should keep our shirts on, but I think that it's quite in order 
for us to recognize that they have done a tremendous job there. 

A s  r e g a r d s  t h e  m i l i t a r y  s i t u a t i o n  at  t h e  p r e s e n t  t i m e ,  I a m  n o t  a s  
g l o o m y  a s  s o m e  s e e m  to  b e .  I s a y  t h a t  we a r e  i n  d a n g e r ,  b u t  we  s t i l l  
h a v e  a p o w e r f u l  d e t e r r e n t  in  o u r  m i l i t a r y  s t r i k i n g  p o w e r  w h i c h  i s  b u i l t  
a r o u n d  t h e  S t r a t e g i c  A i r  C o m m a n d  w i t h  i t s  m a n n e d  a i r c r a f t .  T h i s  p o w e r  
w i l l  s t i l l  h o l d  f o r  a f e w  y e a r s .  O u r  e d g e  in  t h e  d e t e r r e n t  i s  no t  p a r t i c u -  
l a r l y  g r e a t ,  b u t  i t  i s  s t i l l  t h e r e .  H o w e v e r ,  t h e  o p p o s i t i o n  i s  b r e a t h i n g  
d o w n  o u r  n e c k s .  

O n  t h e  o t h e r  h a n d ,  t h e r e ' s  a n o t h e r  a s p e c t  o f  o u r  m i l i t a r y  r e l a t i o n s  
w i t h  t h e  S o v i e t s  a n d  t h e i r  s a t e l l i t e s  w h i c h  i s  a l i t t l e  b i t  m o r e  i n s i d i o u s  
a n d  p e r h a p s ,  a t  t h e  m o m e n t ,  a l i t t l e  m o r e  d a n g e r o u s .  I a m  s p e a k i n g  of  
t h e  l i m i t e d  w a r  s i t u a t i o n .  I t  h a s  b e c o m e  p o p u l a r  a g a i n  in  t h e  l a s t  f e w  
m o n t h s  to  b e g i n  t h i n k i n g  a b o u t  a n d  t a l k i n g  a b o u t  l i m i t e d  w a r .  L i m i t e d  
w a r  h a d  b e e n  p u t  i n t o  l i m b o  a s  o n e  of  t h o s e  t h i n g s  t h a t  d i d n ' t  a m o u n t  to  
a n y t h i n g .  B u t  i t  h a s  c o m e  to  t h e  f o r e f r o n t  o f  i m p o r t a n c e  a g a i n  a n d  we  a r e  
n o t  a s  w e l l  p r e p a r e d  f o r  t h i s  t y p e  o f  c o n f l i c t  a s  t h e  S o v i e t  U n i o n .  We a r e  
v u l n e r a b l e .  

I b e l i e v e  t h e  s i t u a t i o n  i s  a n a l o g o u s  to  a f o o t b a l l  g a m e .  If  y o u r  w h o l e  
s t r a t e g y  a n d  y o u  w h o l e  d i s p o s i t i o n  of  f o r c e s ,  y o u r  w h o l e  d e p l o y m e n t ,  i s  
i n  a n t i c i p a t i o n  of  a 5 0 - y a r d  t o u c h d o w n  p a s s ,  y o u  a r e  s t a g e d  f o r  a s t r a t e g y  
a n a l o g o u s  to  t h e  S t r a t e g i c  A i r  C o m m a n d  f u n c t i o n - - t h e  l o n g  a r m  w i t h  t h e  
b i g  b a n g .  O n  t h e  o t h e r  h a n d ,  i f  y o u  a r e  e n t i r e l y  e n g r o s s e d  in  t h a t ,  y o u r  
o p p o n e n t ,  w h o  h a p p e n s  to  h a v e  t h e  b a l l  a t  t he  m o m e n t ,  m a y  p e r f o r m  s o m e  
v e r y  e f f e c t i v e  q u a r t e r b a c k  s n e a k s .  T h i s  w o u l d  b e  t h e  l i m i t e d  w a r  s i t u a -  
t i o n .  T h e  o p p o n e n t  c a n  m a k e  a lo t  of  m i l a g e  on  q u a r t e r b a c k  s n e a k s  i f  y o u  
d o n ' t  h a v e  t h e  d e f e n s e  to  c o u n t e r a c t  t h e m .  
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A s  f a r  a s  t h e  l i m i t e d  w a r  i s  c o n c e r n e d  t h e  R u s s i a n s  do h a v e  t h e  
b a l l ,  a n d  t h e y  a r e  c a l l i n g  t h e  s i g n a l s  m u c h  m o r e  t h a n  we  a r e .  A n d  b e -  
c a u s e  of  t h e  g e n e r a l  w o r l d  s i t u a t i o n ,  we  c a n  a n t i c i p a t e  t h a t  t h e r e  w i l l  be  
m o r e  a r m e d  c o n f l i c t s  w h e r e  w e ' r e  g o i n g  to  b e  o u t n u m b e r e d  a n d  o u t -  
w e i g h e d  a n d  w e ' r e  a l s o  g o i n g  to  be  on  t h e  l o n g  e n d  of c o m m u n i c a t i o n  l i n e s .  
A n d  s o  t h e  o n l y  w a y  t h a t  we  c a n  be  s u c c e s s f u l  i n  s u c h  s i t u a t i o n s  w i l l  b e  to  
o u t s m a r t  t h e m ;  a n d  t h i s  i s  a v e r y ,  v e r y  d i f f i c u l t  t a s k .  T h e  o n l y  w a y  we  
c a n  o u t s m a r t  t h e m  i s ,  a s  I s e e  i t ,  t h r o u g h  t h e  r e s e a r c h  a n d  d e v e l o p m e n t  
p r o g r a m ,  b e c a u s e  t h a t  i s  t h e  p a t h  b y  w h i c h  y o u  do n e w  t h i n g s  a n d  do t h e m  
b e t t e r .  

So in  a n s w e r i n g  t h e  f i r s t  p o i n t ,  w h i c h  c o n c e r n s  t h e  i m p o r t a n c e  of  r e -  
s e a r c h  a n d  d e v e l o p m e n t  in  t h e  s e c u r i t y  of  t h e  U n i t e d  S t a t e s ,  I w o u l d  s a y  
t h a t  r e s e a r c h  a n d  d e v e l o p m e n t  m u s t  p o i n t  t h e  w a y .  T h e r e  i s  n o  o t h e r  w a y .  
T h r o u g h  t h e  d e v e l o p m e n t  of  n e w  w e a p o n s  s y s t e m s  i t  w i l l  b e  p o s s i b l e  to  
m a i n t a i n  an  a d e q u a t e  m i l i t a r y  s t r e n g t h  to  p r e v e n t  w o r l d  w a r  I I I ,  w h i c h  
c e r t a i n l y  i s  o u r  o b j e c t i v e ,  a n d  t h u s  g a i n  t i m e .  

W h a t  a r e  w e  g o i n g  to  do w i t h  t h a t  t i m e  w e  s a v e ?  W i t h o u t  g o i n g  i n t o  
a n y  p a r t i c u l a r  d e t a i l s  o n  w h a t  we  e v e n t u a l l y  m u s t  do w i t h  t h a t  t i m e ,  i t  i s  
o b v i o u s  t h a t  a t  p r e s e n t  we  m u s t ,  t h r o u g h  t h e  i n d u s t r i a l  a n d  s c i e n t i f i c  
g r o u p s ,  w i n  f r i e n d s  a n d  i n f l u e n c e  p e o p l e .  T h e  i d e a  of  F o r t r e s s  A m e r i c a ,  
o f  t h e  s e l f - s u f f i c i e n c y  of  t h i s  s m a l l  g r o u p  of  p e o p l e  t h a t  h a p p e n  to  l i v e  in  t h i s  
c o u n t r y ,  i s  o b v i o u s l y  no l o n g e r  v a l i d  o r  s u f f i c i e n t .  We m u s t  a l w a y s  r e -  
m e m b e r  t h a t  we  a r e  o n l y  o n e - f i f t e e n t h  of  t h e  w o r l d ' s  p o p u l a t i o n .  We  m u s t  
a l s o  r e m e m b e r  t h a t  a l t h o u g h  we  h a v e  a t  t h e  p r e s e n t  t i m e  m u c h  g r e a t e r  
i n d u s t r i a l  a c c o m p l i s h m e n t s  t h a n  o t h e r  n a t i o n s ,  t h e  o t h e r  p e o p l e s  a r e  a l s o  
p o t e n t i a l l y  g o o d ,  a n d  we  n e e d  a s u b s t a n t i a l  n u m b e r  of t h e m  a s  o u r  f r i e n d s  
o r  i t  w o n ' t  b e  l o n g  u n t i l  we  h a v e  h a d  i t .  

Part number two deals with the responsibility of the military in the 
Nation's system of scientific research. I will bother you with a few data 
in talking about the responsibility. You probably have heard these data 
before from other people, but I will just remind you of them. 

In  t h e  f i s c a l  y e a r  1957 in  t h e  D e p a r t m e n t  o f  D e f e n s e - - t h i s  i s  t h e  w h o l e  

m i l i t a r y  e s t a b l i s h m e n t - - s o - c a l l e d  r e s e a r c h  a n d  d e v e l o p m e n t  f u n d s  w e r e  
a b o u t  $ 1 . 6  b i l l i o n .  T h e  t o t a l  a m o u n t  o f  m o n e y  e x p e n d e d  on  r e s e a r c h  a n d  
d e v e l o p m e n t  in  t h i s  c o u n t r y  in  t h i s  s a m e  f i s c a l  y e a r - - t h i s  i s  i n  i n d u s t r i a l  
l a b o r a t o r i e s ,  i n  u n i v e r s i t i e s ,  in  r e s e a r c h  i n s t i t u t e d  in  t h e  G o v e r n m e n t  
e s t a b l i s h m e n t s ,  a n d  s o  f o r t h - - w a s  a b o u t  $5 b i l l i o n .  T h a t  i s  a l i t t l e  b i t  
m o r e  t h a n  1 p e r c e n t  of  t h e  g r o s s  n a t i o n a l  p r o d u c t .  A b o u t  o n e - t h i r d  of  
t h e  t o t a l  r e s e a r c h  a n d  d e v e l o p m e n t  d o l l a r s  i n  t h e  c o u n t r y  a r e  b e i n g  s p e n t  
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on m i l i t a r y  r e s e a r c h  and  d e v e l o p m e n t .  A b o u t  40 p e r c e n t  of the  t o t a l  m a n -  
p o w e r  of s c i e n t i s t s  and  e n g i n e e r s  who  a r e  w o r k i n g  on r e s e a r c h  and  de -  
v e l o p m e n t  a r e  w o r k i n g  on the  m i l i t a r y  p r o g r a m .  

In  a d d i t i o n  to  tha t ,  t h e r e  i s  a p h a s e ,  wh ich  I c a l l  a d a p t a t i o n  of  the  
m i l i t a r y  w e a p o n  s y s t e m s ,  w h i c h  d o e s  not  c o m e  out  of r e s e a r c h  and  de -  
v e l o p m e n t  f u n d s ,  bu t  w h i c h  c o m e s  out  of the  p r o c u r e m e n t  and  p r o d u c t i o n  
f u n d s .  T h e s e  a r e  the  d o l l a r s  w h i c h  a r e  s p e n t  on  b u i l d i n g  p r o t o t y p e s ,  
t e s t i n g  t h e m ,  e v a l u a t i n g  t h e m ,  and  r e e n g i n e e r i n g .  T h e s e  a c t i v i t i e s  
h a v e  to  be  c a r r i e d  out  b e f o r e  new w e a p o n s  a r e  f i n a l l y  s t a n d a r d i z e d  and  
pu t  in to  t a c t i c a l  u s e .  In  t h i s  l a s t  y e a r ,  in a d d i t i o n  to  the  $ 1 . 6  b i l l i o n  fo r  
the  r e s e a r c h  and  d e v e l o p m e n t ,  t h e r e  w e r e  abou t  $ 3 . 5  b i l l i o n  of p r o d u c t i o n  
f u n d s  s p e n d  on t h i s  a d a p t a t i o n  p h a s e .  

So t he  a m o u n t  b e i n g  s p e n t  by  the  m i l i t a r y  t h i s  p a s t  y e a r  on  r e s e a r c h  
and  d e v e l o p m e n t ,  p l u s  t h i s  l a t e r  d e v e l o p m e n t  o r  a d a p t a t i o n ,  w a s  abou t  
$5 b i l l i o n .  A n d  tha t  is  a lo t  of m o n e y  to s p e n d  on s c i e n t i f i c  and  e n g i n e e r -  
i ng  and a l l i e d  a c t i v i t i e s .  It  r e p r e s e n t s  a v e r y  s u b s t a n t i a l  p r o p o r t i o n  of 
no t  on ly  the  f i n a n c i a l  s u p p o r t  bu t  a l s o  the  s c i e n t i f i c  and  e n g i n e e r i n g  m a n -  
p o w e r  of the  c o u n t r y .  

I a m  c i t i n g  t h e s e  n u m b e r s  to s h o w  t h a t  the  m i l i t a r y  h a s  an e c o n o m i c  
r e s p o n s i b i l i t y  to  the  r e s e a r c h  c o m m u n i t y .  In  o t h e r  w o r d s ,  if p e a c e  w e r e  
to  b r e a k  ou t  t o m o r r o w  and a l l  t h e s e  m i l i t a r y  p r o j e c t s  w e r e  s u d d e n l y  c a n -  
c e l l e d  out ,  we wou ld  be  in  a v e r y  bad  s h a p e  as  f a r  as  o u r  s c i e n t i f i c  and  
e n g i n e e r i n g  c o m m u n i t y  i s  c o n c e r n e d .  So I t h i n k  t h e r e ' s  an e c o n o m i c  r e -  
s p o n s i b i l i t y  t h e r e .  A f t e r  you  ge t  a b e a r  s u c h  as  t h i s  b y  the  t a i l ,  i t ' s  v e r y  
h a r d  to  l e t  l o o s e .  

T h e r e  is  a l s o  a l e a d e r s h i p  as  w e l l  a s  a f i n a n c i a l  r e s p o n s i b i l i t y .  A 
m e n t a l  r e v o l u t i o n  o c c u r r e d  on the  m o r n i n g  of 6 A u g u s t  1945, w i t h  the  ex -  
p l o s i o n  of the  f i r s t  a t o m i c  b o m b  in  w a r f a r e .  T h i s  m e n t a l  r e v o l u t i o n  c a m e  
abou t  b e c a u s e  the  e f f e c t s  w e r e  so  d r a s t i c  tha t  t h e y  w e r e  h i g h l y  d r a m a t i c .  
I t  was  s u d d e n l y  i m p r e s s e d  u p o n  the  m i n d s  of the  p e o p l e  of t he  w o r l d ,  
m i l i t a r y  and c i v i l i a n  a l i ke ,  t ha t  the  " l o n g  h a i r s "  and  the  " d o u b l e  d o m e s ,  " 
the  n u c l e a r  p h y s i c i s t s  and  o t h e r s  t ha t  no one c o u l d  u n d e r s t a n d  and  who  
h a d  b e e n  the  s u b j e c t  of a g r e a t  d e a l  of c a r t o o n i n g  r e a l l y  d id  know wha t  t h e y  
w e r e  t a l k i n g  abou t .  T h i s  was  a p h e n o m e n a l  new c o n c e p t .  

And  so  the  who le  a t t i t u d e  in  m i l i t a r y  c i r c l e s  t o w a r d  the  r o l e  of s c i e n c e  
t o o k  a t r e m e n d o u s  c h a n g e .  T h a t  c h a n g e  i s  the  r e a s o n  we h a d  a c o n t i n u i n g ,  
i m p o r t a n t ,  and  l a r g e  r e s e a r c h  and  d e v e l o p m e n t  p r o g r a m  f o r  d i r e c t  a p p l i -  
c a t i o n  to m i l i t a r y  e n d s .  
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B e c a u s e  o f  t h e  c o m p r e s s e d  t i m e  s c a l e ,  b e c a u s e  of  o u r  c o m p e t i t i o n  
w i t h  R u s s i a ,  t h e  m i l i t a r y  m u s t  c a r r y  t h e  b a l l  f o r  t h e  a p p l i c a t i o n  of  s c i e n c e  
to  m i l i t a r y  m a t t e r s .  We c a n  no  l o n g e r  w a i t ,  s u c h  a s  m i l i t a r y  o r g a n i z a -  
t i o n s  h a v e  t e n d e d  to  do in  t h e  c e n t u r i e s  p a s t ,  f o r  n e w  s c i e n t i f i c  f i n d i n g s  
to  c o m e  in  a t  r a n d o m .  T h e  c o m p e t i t i o n  d i c t a t e s  t h a t  we  c a n ' t  w a i t ,  f o r  
t h e  v e r y  s i m p l e  r e a s o n  t h a t  o u r  c o m p e t i t o r s  a r e  n o t  w a i t i n g .  

T h e r e  i s  a n o t h e r  a s p e c t  w h i c h  t e n d s  to  g e t  n e g l e c t e d .  I t h i n k  m o r e  
c o u l d  b e  d o n e  f o r  t h e  c i v i l i a n  a n d  p e a c e t i m e  a p p l i c a t i o n s  of  m a n y  of t h e  
m i l i t a r y  r e s e a r c h  f i n d i n g s .  I c o u l d  go t h r o u g h  a l o n g  h i s t o r y  of  t h i n g s  
w h e r e  t h e  m i l i t a r y  f i n d i n g s  of t h e  p a s t  h a v e  h a d  v e r y  i m p o r t a n t  a n d  s t r o n g  
c i v i l i a n  b e n e f i t s .  I n  t e r m s  of t h e  n a t i o n a l  g o o d  t h e s e  p o s s i b i l i t i e s  s h o u l d  
b e  p u r s u e d  m o r e  t h a n  t h e y  a r e ,  b e c a u s e  t h e r e  a r e  m a n y  p o s s i b l e  b e n e f i t s  
w h i c h  m a y  g r o w  o u t  of  m i l i t a r y  d e v e l o p m e n t s  t h a t  we c a n  u s e  to  i n f l u e n c e  
p e o p l e  a n d  m a k e  f r i e n d s  t h r o u g h o u t  t h e  w o r l d .  U l t i m a t e l y  w e  m u s t  l e a r n  
to  do  t h a t .  

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

T h i s  t i t l e  i s  t h e  i m p o r t a n c e  o f  b a s i c  r e s e a r c h .  A l l o w  m e  to  r e v i e w  
i m p o r t a n t  t e c h n o l o g i c a l  a d v a n c e m e n t s  o f  W o r l d  W a r  I I .  Y o u  m a y  d i s a g r e e  
w i t h  m e ,  b u t  I w o u l d  s a y  t h a t  t h e  t h r e e  m a j o r  t e c h n o l o g i c a l  d e v e l o p m e n t s  
of  W o r l d  W a r  II  w e r e  r a d a r ,  t he  p r o x i m i t y  f u z e ,  a n d  t h e  a t o m i c  b o m b .  
P e r h a p s  y o u  h a v e  s o m e  o t h e r s ,  b u t  t h o s e  u n d o u b t e d l y  w e r e  i m p o r t a n t .  

E a c h  o n e  of  t h o s e  w a s  b a s e d  on  s o m e  b a s i c  r e s e a r c h  w o r k  of s o m e  
t i m e  b a c k  b e f o r e  a n y  one  r e a l i z e d  t h e  m i l i t a r y  i m p o r t a n c e  of  t h e  f i n d i n g s .  
R a d a r  h a d  n o t  y e t  b e e n  u s e d  in  w a r f a r e .  I t  w a s  j u s t  a " s c i e n t i f i c  t o y "  in  
i t s  e a r l y  d a y s .  T h e  a t o m i c  ( u r a n i u m }  b o m b  a n d  i t s  d e s c e n d a n t  t h e  h y d r o -  
g e n  b o m b  a r e ,  of c o u r s e ,  b a s e d  o n  e a r l i e r  k n o w l e d g e  a r i s i n g  f r o m  b a s i c  
r e s e a r c h .  

T h e r e  a r e ,  h o w e v e r ,  o t h e r  s i t u a t i o n s  w h e r e  o u r  b a s i c  k n o w l e d g e  f o r  
t h e  s o l u t i o n  of  m i l i t a r y  p r o b l e m s  is  w o e f u l l y  l a c k i n g .  A f e w  y e a r s  a g o  on  
o n e  of  t h e  v i s i t s  of  t h e  n u m e r o u s  c o m m i t t e e s  a s s o c i a t e d  w i t h  t h e  D e p a r t -  
m e n t  of  D e f e n s e  I w a s  d o w n  a t  C a p e  C a n a v e r a l  in  F l o r i d a .  T h i s  w a s  in  t h e  
e a r l y  d a y s  o f  t h e  L o n g - R a n g e  G u i d e d  M i s s i l e  R a n g e .  One  of  t h e  m i s s i l e s  
w a s  s c h e d u l e d  to  go .  A s  a m a t t e r  of  f a c t ,  i t  w a s  one  of  t h e  f i r s t  o n e s  
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t h e y  w e r e  f i r i n g  d o w n  t h e r e .  I m i g h t  a d d  t h i s  e x e r c i s e  w a s  b e i n g  c a r r i e d  
ou t  w i t h o u t  a n y  k i n d  of  n e w s p a p e r  p u b l i c i t y  t h a t  a t t e n d e d  t h e  r e c e n t l y  a t -  
t e m p t e d  V a n g u a r d  l a u n c h i n g .  B u t  t h e y  w e r e  h a v i n g  a g o o d  d e a l  o f  t r o u b l e  
o n  t h e  c o u n t - d o w n ,  b e c a u s e  t h e r e  w a s  a l w a y s  a c e r t a i n  a m o u n t  o f  r a d i o  
i n t e r f e r e n c e  w h i c h  i n t e r f e r e d  w i t h  t h e  t e l e m e t e r i n g  s y s t e m .  E v e r y o n e  
a s s o c i a t e d  w i t h  t h e  s t a t i o n  h a d  b e e n  t o l d  to  g e t  off  t h e  a i r .  F i n a l l y ,  b y  
a c e r t a i n  a m o u n t  of  d i r e c t i o n a l  a n t e n n a  s l e u t h i n g  i t  w a s  f o u n d  t h a t  t h e  
i n t e r f e r i n g  s i g n a l s  c a m e  f r o m  a p o l i c e  r a d i o  in  W a c o ,  T e x a s .  

W h a t  w e r e  t h e  p e c u l i a r  a t m o s p h e r i c  p h e n o m e n a  o f  t h e  p r o p a g a t i o n  of  
e l e c t r o m a g n e t i c  r a d i a t i o n  w h i c h  m a d e  i t  p o s s i b l e  f o r  a w e a k  l i t t l e  p o l i c e  
r a d i o  in  W a c o ,  T e x a s ,  to  i n t e r f e r e  w i t h  a n  i m p o r t a n t  m i s s i l e  t e s t  on  t h e  
e a s t  c o a s t  of  F l o r i d a ?  T h e  t e s t  c o u l d n ' t  go  u n t i l  t h e  p o l i c e  r a d i o  in  W a c o ,  
T e x a s ,  g o t  off  t h e  a i r .  T h e r e  w a s  t h i s  p a l a v e r  b a c k  a n d  f o r t h  a b o u t  
S t a t e s  r i g h t s  a n d  i n d i v i d u a l  f r e e d o m ,  b u t  f i n a l l y ,  c r i m e  w a s  a l l o w e d  to  
r u n  r a m p a n t  in  W a c o ,  T e x a s ,  f o r  a f ew  h o u r s  u n t i l  t h e y  c o u l d  g o  t h r o u g h  
t h e  c o u n t - d o w n  a n d  f i r e  t h e  m i s s i l e  at  C a p e  C a n a v e r a l .  

B u t  t h e  p o i n t  i s ,  t h e r e  i s  a g r e a t  d e a l  of  f u n d a m e n t a l  k n o w l e d g e  w h i c h  
we  d o n ' t  h a v e  a b o u t  e l e c t r o m a g n e t i c  p r o p a g a t i o n .  T h i s  i s  o n e  o f  t h e  
t h i n g s  we  n e e d  t o  k n o w .  

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

L e t ' s  t a k e  a n o t h e r  p r o p a g a t i o n  p h e n o m e n o n - - u n d e r w a t e r  s o u n d .  Of  
c o u r s e  o u r  N a v y  i s  w o r k i n g  o n  t h i s .  T h e  B r i t i s h  a r e  i n t e r e s t e d  in  t h e  
w o r k  t o o .  T h e r e  i s  s t i l l  a l o t  m o r e  t h a t  c a n  b e  l e a r n e d  a b o u t  t h e  p r o p a -  
g a t i o n  of  s i g n a l s  u n d e r  w a t e r ,  p r o b a b l y  b y  s o u n d .  S e a  w a t e r  i s  a m o s t  
u n c o o p e r a t i v e  m e d i u m .  E l e c t r o m a g n e t i c  r a d i a t i o n  d o e s n ' t  s e e m  to  w o r k .  
B u t  h e r e  i s  a n  a r e a  i n  w h i c h  we  a r e  s o  h i g h l y  v u l n e r a b l e  f r o m  a s n e a k  
a t t a c k  t h a t  i t  i s  of t h e  u t m o s t  i m p o r t a n c e  t h a t  w e  l e a r n  a l l  t h e  b a s i c  i n -  
f o r m a t i o n  we  p o s s i b l y  c a n  a b o u t  t h e  p r o p a g a t i o n  of  v a r i o u s  k i n d s  o f  s i g -  
n a l s  u n d e r  w a t e r .  

A n o t h e r  a r e a  w h i c h ,  a s  y o u  w e l l  k n o w ,  i s  a t  t h e  p r e s e n t  t i m e  v e r y  
i m p o r t a n t  i s  t h e  w h o l e  f i e l d  o f  a n t i m i s s i l e  m i s s i l e s .  A s  y o u  k n o w ,  t h e  
p r e s e n t  a p p r o a c h  i s  b a s e d  o n  t h e  u s e  o f  v e r y  s u b s t a n t i a l  a t o m i c  w a r h e a d s  
f o r  t h e  d e f e n d i n g  m i s s i l e s .  
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Now, w h e n  y o u  l e t  l o o s e ,  l e t  us  s a y ,  100 k i l o t o n s  o r  a m e g a t o n  o r  
10 m e g a t o n s  up t h e r e  in the  a i r  at  200, 000 f e e t ,  w h e r e  t h e r e  a r e  s o m e  
r e m n a n t s  of a t m o s p h e r e ,  y o u  a r e  g o i n g  to  h a v e  a t e r r i f i c  a m o u n t  of e n -  
e r g y  l e t  l o o s e  a n d  a l l  k inds  of r a d i a t i o n .  Y o u ' r e  g o i n g  to  ge t  a v e r y  h i g h  
d e g r e e  of i o n i z a t i o n  of t h e  d e b r i s  i t s e l f  and  of w h a t e v e r  a t m o s p h e r e  is  

t h e r e .  

W h a t  a r e  g o i n g  to  be  t h e  p r o p a g a t i o n  p h e n o m e n a  t h r o u g h  t h o s e  i o n -  
i z e d  l a y e r s  o r  b l o b s  of  m a t t e r ?  A r e  we  go ing  to be  a b l e  to  u s e  o u r  r a d a r  
f o r  the  d e t e c t i o n  of o t h e r  m i s s i l e s  c o m i n g  in a f t e r  we h a v e  so  l o u s e d  up 
t h a t  u p p e r  a t m o s p h e r e ?  T h i s  is  a r e a l  p r o b l e m .  We j u s t  do not  know 
the  a n s w e r .  We h a d  b e t t e r  be  f i n d i n g  out .  T h e s e  a r e  s o m e  of t he  r e a s o n s  
i t ' s  i m p o r t a n t  to  h a v e  b a s i c  r e s e a r c h .  

T h e n  l e t ' s  go to  a n o t h e r  a r e a .  T a r g e t  d e t e c t i o n  is  a l w a y s  a s e v e r e  
p r o b l e m  p a r t i c u l a r l y  in  l i m i t e d  w a r s .  K o r e a  w a s  an  e x a m p l e .  N o r t h  
K o r e a n  t r a n s p o r t  w a s  l a r g e l y  on the  b a c k s  of t r o o p s  t r a v e l i n g  at n i g h t .  
T h e  t a r g e t s  w e r e  s c a t t e r e d  a l l  o v e r  a n d  you  c o u l d n ' t  f i n d  t h e m .  T h e  
s u p p l y  l i n e s  j u s t  k e p t  go ing  on and  on, the  m a t e r i a l  b e i n g  c a r r i e d  on t h e  
b a c k s  of  p r i m i t i v e  p e o p l e  u s i n g  a p r i m i t i v e  A - f r a m e .  Y o u  c o u l d n ' t  f ind  
the  t a r g e t  and  do v e r y  m u c h  abou t  i t .  

L e t  m e  g ive  y o u  one  w i l d  i d e a .  You c a n  t a k e  it  s e r i o u s l y  o r  no t  as  
y o u  w a n t  to ,  bu t  i t s  e v a l u a t i o n  is  a m a t t e r  of b a s i c  r e s e a r c h .  D o e s  a n y -  
one  know how a d o g ' s  n o s e  w o r k s ?  No.  T h e r e ' s  no  one  w h o  k n o w s  how 
a d o g ' s  n o s e  w o r k s .  N o b o d y  e v e n  k n o w s  how o u r  own n o s e s  w o r k .  In  
o t h e r  w o r d s ,  w h a t  i s  i t  t h a t  t a k e s  p l a c e  in  the  p h y s i o l o g i c a l  s e n s e  of 
s m e l l ?  You  s a y ,  " W h a t  a m  I g e t t i n g  a t ?  A m  I go ing  to  s m e l l  C h i n e s e ? "  
A n d  I s a y ,  " P e r h a p s .  I f  I k n e w  how a d o g ' s  n o s e  w o r k s ,  I t h i n k  we m i g h t  
d e t e c t  h u m a n  t a r g e t s ,  C h i n e s e  o r  o t h e r w i s e .  " 

I ' d  s a y  t h a t  a d o g ' s  n o s e  i s  a m a r v e l o u s  d e v i c e .  I t s  e x t r e m e l y  s e n s i -  
t i v e .  I t  c a n  c e r t a i n l y  d e t e c t  one  o d o r i f e r o u s  m o l e c u l e  ou t  of a m i l l i o n ,  
p e r h a p s  one  out  of  a b i l l i o n .  T h a t ' s  f a r  m o r e  s e n s i t i v e  t h a n  a n y  d e t e c t i o n  

d e v i c e  we now h a v e .  

S u p p o s e  we u n d e r s t o o d  a d o g ' s  n o s e  and  c o u l d  d u p l i c a t e  i t s  s e n s i t i v i t y  
in  a s m a l l  e l e c t r o n i c  s a m p l i n g ,  s e n s i n g ,  a n d  s i g n a l i n g  d e v i c e ,  w e i g h i n g  

a f e w  o u n c e s .  

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



h a v e  to  o p e r a t e ,  l e t  u s  s a y ,  f i v e  s e c o n d s  t o  s a m p l e  a n d  g e t  t h i s  i n f o r m a -  
t i o n ,  s o  no  m a t t e r  h o w  f a s t  t he  e n e m y  d e s t r o y e d  t h e m ,  t h e y  w o u l d  t e l l  u s  
t h a t  t h e  e n e m y  w a s  t h e r e .  

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

A n o t h e r  a r e a  f o r  b a s i c  r e s e a r c h  i s  n e w  f u e l s .  T h e r e  w o u l d  b e  a 
v e r y  g r e a t  p a y - o f f  in  m i l i t a r y  o p e r a t i o n s  i f  we  h a d  f u e l s  of  h i g h e r  e n e r g y  
t h a n  p e t r o l e u m  p r o d u c t s .  T h e  R u s s i a n s  h a v e  b e e n  i n t i m a t i n g  a n d  b r a g g i n g  
t h a t  t h e y  h a v e  t h e m .  We,  o f  c o u r s e ,  a r e  w o r k i n g  o n  t h e m .  We  a r e  w o r k -  
i n g  on  v a r i o u s  t h i n g s  l i k e  t h e  b o r o n  f u e l s  a n d  s o  o n - - o r g a n i c  f u e l s  o f  
v a r i o u s  k i n d s .  B u t  h e r e ' s  a t r e m e n d o u s  a r e a  c a l l i n g  f o r  m o r e  b a s i c  r e -  
s e a r c h .  T h e  s o - c a l l e d  f r e e - r a d i c a l  a p p r o a c h  i s  o n e  of  t h e m .  T h e r e  a r e  
s e v e r a l  o t h e r  p a t h s .  We a r e  l a t e  in  g e t t i n g  a p p r o p r i a t e  b a s i c  r e s e a r c h  
u n d e r  w a y .  

Take the field of metals, as another instance. Theoretically, instead 
of metals having tensile strengths of 100 or 200 thousand pounds per 
square inch, such as we have in a moderately good steel, the finding en- 
ergy of the atoms that make up metals should have strengths of the order 
of 10 million pounds per square inch. Hence, we are only utilizing a 
small fraction of the inherent strength in metal materials that nature has 
built into them. 

W h y  d o n ' t  m e t a l s  d i s p l a y  t h e i r  t h e o r e t i c a l  s t r e n g t h ?  W e  d o n ' t  k n o w .  
T h i s  i s  a n  a r e a  in  w h i c h  t h e  s o l i d  s p a c e  p h y s i c i s t s  a r e  b e g i n n i n g  to  a s k  
s o m e  q u e s t i o n s ,  b u t  we  s t i l l  h a v e  a l o n g  w a y  to  go  b e f o r e  w e  w i l l  g e t  g o o d  
a n s w e r s .  J u s t  t h i n k  h o w  i m p o r t a n t  i t  w o u l d  b e  i f  y o u  c o u l d  h a v e  m a t e r i a l s  
w i t h  10 t i m e s  t h e  d e s i g n  s t r e n g t h  a v a i l a b l e  a t  t h e  p r e s e n t  t i m e .  T h e y  
w o u l d  h a v e  a t r e m e n d o u s  i m p a c t  on  n e a r l y  a l l  m i l i t a r y  d e v i c e s .  

The importance of basic research to the military cannot be overstated. 
I think that the military has to take the responsibility for seeing that the 
gaps in basic information are filled, either through the work of their own 
agencies or through others. 

Now, item number four--the extent to which the military is able to 
provide a sympathetic and inspired guidance to scientific undertakings. 
Let me make a hard statement and then I will soften it a little bit. 
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M y  h a r d  s t a t e m e n t  i s  t h a t  t h e  m i l i t a r y  m i n d  a n d  t h e  s c i e n t i f i c  m i n d  
a r e  i n h e r e n t l y  i m c o m p a t i b l e .  Now I w i l l  s o f t e n  i t  a l i t t l e  b i t .  I w i l l  u s e  
a n  a n a l o g y .  A l c o h o l  i s  a c o m m o n ,  o r d i n a r y  s u b s t a n c e  w i t h  w h i c h  y o u  
a r e  r e a s o n a b l y  f a m i l i a r .  A l c o h o l  a n d  w a t e r  a r e  c o m p l e t e l y  a n d  m u t u a l l y  
s o l u b l e .  Y o u  c a n  d i s s o l v e  a n y  a m o u n t  of a l c o h o l - - i t  i s  e t h y l  a l c o h o l  I 
a m  s p e a k i n g  o f - - i n  w a t e r ,  o r  y o u  c a n  d i s s o l v e  a n y  a m o u n t  o f  w a t e r  i n  
e t h y l  a l c o h o l .  I n  o t h e r  w o r d s ,  t h e y  a r e  c o m p l e t e l y  c o m p a t i b l e .  O n  t h e  
o t h e r  h a n d ,  o i l  d o e s  n o t  d i s s o l v e  in  w a t e r ,  e x c e p t  t o  a v e r y  l i m i t e d  e x -  
t e n t ;  a n d  a l s o  w a t e r  d o e s  n o t  d i s s o v l e  in  o i l ,  e x c e p t  t o  a v e r y  l i m i t e d  e x -  
t e n t .  T h e y  a r e  i n h e r e n t l y  i m c o m p a t i b l e .  

H o w e v e r ,  i f  y o u  r e c o g n i z e  t h a t  o i l  a n d  w a t e r  a r e  i n c o m p a t i b l e  a n d  
y o u  m i x  t h e m  t o g e t h e r  i n  a p r o p e r  f a s h i o n ,  a n d  i f  y o u  a d d  to  t h e  s y s t e m  
o n e  of  t h e  v a r i o u s  s u b s t a n c e s  w h i c h  c o m e  u n d e r  t h e  c l a s s  o f  d i s p e r s i n g  
a g e n t s ,  y o u  g e t  s o m e  v e r y  e x c e l l e n t  e m u l s i o n s ,  t h a t  c a n  b e  q u i t e  p e r m a -  
n e n t  a n d  v e r y  u s e f u l .  T h e s e  e m u l s i o n s ,  o f  o i l - l i k e  m a t e r i a l s  in  w a t e r ,  
f o r  i n s t a n c e ,  a r e  f r e q u e n t l y  u s e d  in  l u b r i c a n t s  of  v a r i o u s  k i n d s .  T h e y  a r e  
t h e  b a s i s  o f  a g r e a t  m a n y  t h i n g s  t h a t  y o u  e a t .  T h e y  a r e  t h e  b a s i s  o f  t h i n g s  
l i k e  h a i r  o i l  a n d  s o  f o r t h .  T h e r e  a r e  a t r e m e n d o u s  n u m b e r  of  e m u l s i o n s ,  
b o t h  n a t u r a l  a n d  a r t i f i c a l ,  t h a t  w e  u s e  t h r o u g h o u t  o u r  e c o n o m y .  T h e y  a r e  
v e r y ,  v e r y  u s e f u l  i n d e e d .  Y e t  t h e y  a r e  m a d e  u p  o f  t w o  i n h e r e n t l y  i n c o m -  
p a t i b l e  m a t e r i a l s .  

I m i g h t  s a y  t h a t  o n e  of t h e  m o s t  u s e f u l  e m u l s i o n s  we  h a v e  i s  c o m m o n  
o r d i n a r y  m i l k .  I t  h a s  f a t t y  p a r t i c l e s  a n d  a l s o  p r o t e i n  p a r t i c l e s  i n  i t .  B u t  
t h e y ' r e  n o t  in  s o l u t i o n  in  w a t e r ;  t h e y ' r e  o n l y  in  s u s p e n s i o n .  I t  i s  a m o r e  
o r  l e s s  p e r m a n e n t  s u s p e n s i o n ,  a n d  i t  i s  a n  e m u l s i o n .  So t h e s e  t w o  i n -  
c o m p a t i b l e  t h i n g s  m a k e  up  o n e  of  t h e  m o s t  u s e f u l  s u b s t a n c e s  w e  h a v e - -  
m i l k .  B u t  y o u  c a n  b r e a k  t h i s  e m u l s i o n  b y  p u t t i n g  in  a l i t t l e  b i t  of d i s r u p t -  
i n g  g o o  of  s o m e  k i n d ,  f o r  i n s t a n c e  a n  a c i d .  T h a t  w i l l  v e r y  q u i c k l y  b r e a k  
t h e  e m u l s i o n  a n d  t h e  w h o l e  t h i n g  f a l l s  a p a r t .  

P e r h a p s  I ' m  s t r e t c h i n g  t h e  a n a l o g y  h e r e ,  b u t  I do s a y  t h a t  i f  we  r e c -  
o g n i z e  t h a t  t h e  m i l i t a r y  m i n d - - y o u  c a n  a r g u e  a b o u t  w h a t  y o u  m e a n  b y  t h a t  
a n d  y o u  c a n  a r g u e  a b o u t  w h a t  y o u  m e a n  b y  t h e  s c i e n t i f i c  m i n d - - b u t  i f  y o u  
r e c o g n i z e  t h a t  t h e y ' r e  i n h e r e n t l y  i n c o m p a t i b l e ,  a n d  t h e n  t r e a t  t h e m  a p -  
p r o p r i a t e l y ,  you  c a n  g e t  a m o s t  u s u f u l  c o m b i n a t i o n .  T h i s  i s  w h a t  we  a r e  
t r y i n g  to  do .  I do  t h i n k  we  a r e  f r e q u e n t l y  a t  f a u l t  in  n o t  r e c o g n i z i n g  t h e  
f a c t  t h a t  t h e r e  a r e  c e r t a i n l y  i n h e r e n t  i n c o m p a t i b i l i t i e s .  

W h y  a r e  t h e  t w o  t y p e s  of  m i n d s  i n c o m p a t i b l e ?  B e c a u s e  t h e i r  i n h e r e n t  
p u r p o s e s  in  l i f e  a r e  s o  d i f f e r e n t .  T h e  m i l i t a r y  p u r p o s e  i s  t o  f i g h t  a n d  to  
w i n  w a r s ,  a n d  t h i s  i n h e r e n t l y  m e a n s  t h a t  t h e r e  m u s t  be  a c e r t a i n  r i g i d  
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d i s c i p l i n e .  T h e r e  m u s t  be c e r t a i n  t r a d i t i o n s ,  e s s e n t i a l l y  b a s e d  a r o u n d  
" T h e i r ' s  n o t c h  r e a s o n  why;  t h e i r ' s  but  to do and d i e " ;  in o t h e r  w o r d s ,  the  
c o m m a n d  func t ion  of the l ine  o r g a n i z a t i o n .  T h e s e  a r e  t h ings  w h i c h  a r e  
c o m p l e t e l y  i n c o m p a t i b l e  wi th  wha t  is  o r d i n a r i l y  c a l l e d  the  r e s e a r c h  a t -  
m o s p h e r e .  

I don ' t  t h ink  a n y o n e  wou ld  e x p e c t  to t ake  an a r t i s t ,  a m u s i c i a n ,  a 
c o m p o s e r ,  g ive  h i m  a c o m m a n d  and say :  "Next  T u e s d a y  m o r n i n g  y o u ' r e  
go ing  to c o m p o s e  a g r e a t  o p e r a .  " You m i g h t  c o m m a n d  h i m  to do it, but  
tha t  w i l l  n e v e r  p r o d u c e  an o p e r a .  The  only  th ing  you can  do is  to g ive  
h i m  the  o p p o r t u n i t y  fo r  c r e a t i v e  a c t i v i t y .  S c i e n t i f i c  a c t i v i t y  is  v e r y  m u c h  
the s a m e .  

I ' l l  a d m i t  tha t  th i s  c o n c e p t  of the  c r e a t i v e  f u n c t i o n  of s c i e n t i s t s  and  
of m u s i c i a n s  does  c r e a t e  a lot  of p r i m a  donnas .  I ' l l  a d m i t  tha t  a lot  of 
peop l e  t ake  a d v a n t a g e  of tha t .  N e v e r t h e l e s s ,  i t  is  an e n t i r e l y  d i f f e r e n t  
s o r t  of th ing  f r o m  the  f r a m e w o r k  of the c o m m a n d  o r g a n i z a t i o n  and  the 
t r a d i t i o n a l  m i l i t a r y  d i s c i p l i n e  and the u n q u e s t i o n i n g  c a r r y i n g  out of o r d e r s .  
T h o s e  th ings  a r e  j u s t  e x a c t l y  the oppos i t e  of r e s e a r c h  and the  s c i e n t i f i c  
a c t i v i t y .  

But  as I have  b e e n  t r y i n g  to po in t  out we do have  to l ive  t o g e t h e r .  It 
is  n e c e s s a r y - - a b s o l u t e l y  n e c e s s a r y - - f o r  our  s u r v i v a l  and f o r  an  e f f e c t i v e  
m i l i t a r y  p r o g r a m  tha t  the  r e s e a r c h  and d e v e l o p m e n t  p r o g r a m  s h a l l  be  
e f f e c t i v e .  We m u s t  l ive  t o g e t h e r .  W e ' r e  in a d i l e m m a ;  so we have  to 
f o r m  th i s  e m u l s i o n .  

So in a n s w e r  to th is  q u e s t i o n  as to the  e x t e n t  to w h i c h  the  m i l i t a r y  
can  p r o v i d e  s y m p a t h e t i c  and i n s p i r e d  g u i d a n c e ,  I s a y  tha t  i n h e r e n t l y  the 
m i l i t a r y  canno t  p r o v i d e  the  i n s p i r e d  g u i d a n c e ,  but  t h e y  can  c e r t a i n l y  
supp ly  the  s y m p a t h e t i c  a t m o s p h e r e .  Th i s  is one of the r e a s o n s ,  I th ink ,  
tha t  the  r e s e a r c h  and d e v e l o p m e n t  p r o g r a m  in the m i l i t a r y  w~th the  c i v i l -  
i ans  h a s  b e e n  as s u c c e s s f u l  as  it h a s - - b e c a u s e  t h e r e  has  b e e n  the r e a l i z a -  
t ion  of the n e c e s s i t y  of s u p p l y i n g  the s y m p a t h e t i c  a t m o s p h e r e  and the  
p r o p e r  e n v i r o n m e n t .  T h e r e  has  b e e n  a s e n s e  of r e a l i z a t i o n  of the  d i f f e r -  
e n c e s  and a r e a l i s t i c  a p p r o a c h  to the s o l u t i o n s ,  but  I t h i n k  we c a n  i m p r o v e  
it .  

Now, the l a s t  i t e m  that  I have  is s u g g e s t e d  c h a n g e s  in a d m i n i s t r a t i v e  
p a t t e r n s .  

I would  l ike  to point  out tha t  the m i l i t a r y  e s t a b l i s h m e n t  at the p r e s e n t  
t i m e  is  c e r t a i n l y  an e x a m p l e  of the  t r a d i t i o n  of the  c h e c k s  and b a l a n c e s  in 
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the  A m e r i c a n  G o v e r n m e n t .  In  t he  m i l i t a r y  a r e a  we  h a v e  t h i s  d u a l i t y  of 
the  c i v i l i a n  and  the  m i l i t a r y  o r g a n i z a t i o n s .  T h i s  i s  t r a d i t i o n a l .  I t h i n k  
t ha t  e s s e n t i a l l y ,  i n h e r e n t l y ,  it  is  s o u n d .  On top  of t ha t  is  t he  t r i a l i t y - -  
if  t h a t  is  a g o o d  w o r d - - o f  the  t h r e e  m i l i t a r y  s e r v i c e s ,  e a c h  w i t h  a h i g h  
d e g r e e  of a s s i g n e d  a u t o n o m y .  T h a t  m e a n s  t h e r e  a r e  f ive  " a l i t i e s "  of 
s o m e  k ind .  T h e  n u m b e r  of p e r m u t a t i o n s  w h i c h  a r e  p o s s i b l e  w i t h  t h e s e  
f ive  v a r i a b l e s  i s  f a c t o r i a l  f ive ,  n a m e l y ,  f ive  t i m e s  f o u r  t i m e s  t h r e e  t i m e s  
two .  T h i s  g i v e s  you  120 p o s s i b l e  p e r m u t a t i o n s  w h i c h  c a n  be  u t i l i z e d  in 
the  a p p r o a c h  to  any  one  p r o b l e m .  I m i g h t  s a y  t h e r e  a r e  i n s t a n c e s  w h e n  
i t  s e e m s  t h a t  a l m o s t  a l l  120 d i f f e r e n t  a p p r o a c h e s  a r e  u s e d .  

So I m a y  m a k e  a n o t h e r  h a r d  s t a t e m e n t .  I w o u l d  s a y  t h a t  t he  h i g h  d e -  
g r e e  of a u t o n o m y  of t h e  t h r e e  s e r v i c e s ,  at  l e a s t  as  f a r  as  r e s e a r c h  and 
d e v e l o p m e n t  a r e  c o n c e r n e d ,  r e p r e s e n t s  an o b s o l e t e  o r g a n i z a t i o n a l  s e t u p .  

A l l o w  m e  to s a y  h e r e ,  h o w e v e r ,  t h a t  in  m y  e x p e r i e n c e  o v e r  a n u m b e r  
of y e a r s - - n o t  j u s t  in  the  P e n t a g o n  i t s e l f ,  bu t  in v a r i o u s  c o m m i t t e e s  in  
a nd  o u t - - I  h a v e  n e v e r  s e e n  a g r o u p  of p e o p l e ,  b o t h  in  u n i f o r m  and  the  
c i v i l i a n s ,  w h o  a r e  m o r e  loya l ,  m o r e  d e v o t e d ,  and m o r e  h a r d  w o r k i n g  
t h a n  t h o s e  in  the  m i l i t a r y  e s t a b l i s h m e n t .  So w h e n  I s a y  s o m e t h i n g  a b o u t  
the  o r g a n i z a t i o n ,  I a m  c e r t a i n l y  no t  s a y i n g  a n y t h i n g  a g a i n s t  t h e  s e r v i c e s  
and  t he  m e n  in t h e m  t h e m s e l v e s .  T h e y  a r e  w o n d e r f u l  p e o p l e .  I j u s t  t h i n k  
t h a t  t h e y ' r e  b u r d e n e d  wi th  an  o b s o l e t e  s t r u c t u r e  at l e a s t  a s  f a r  as  r e -  
s e a r c h  and  d e v e l o p m e n t  is  c o n c e r n e d .  

I recognize full well the autonomy which is assigned, essentially by 
law, to each of the services and their responsibility for developing the 
weapons as well as using them later. So each service is just trying to 
do the job which is its responsibility. But I think we do have to admit 
that no matter what it says about the degree of coordination in the budget 
messages which go up on the Hill, there is some very severe and wasteful, 
difficult, unbridled competition; and this unbridled competition is unde- 
sirable. 

L e t  m e  g ive  you  one  o r  two  e x a m p l e s  of the  t y p e  of t h i n g  w h i c h  t h i s  
h i g h  d e g r e e  of a u t o n o m y  b r i n g s  abou t ;  and  no t  j u s t  w i t h i n  the  s e r v i c e s ,  
bu t  s o m e t i m e s  w i t h i n  one s e r v i c e ,  e s p e c i a l l y  in  the  N a v y  if I m i g h t  be  so  
b o l d  as  to  m e n t i o n  i t .  

At  a b o u t  t he  end  of W o r l d  W a r  H - - t h i s  w a s  in  1 9 4 5 - - s o m e  of y o u  m a y  
r e m e m b e r  t h a t  t h e r e  w a s  a b e g i n n i n g  of g u i d e d  m i s s i l e  d e v e l o p m e n t .  
T h e r e  w a s  one  N a v y  p r o j e c t  I r e m e m b e r  in  1945 t h a t  w a s  c a l l e d  " O l d  
R i p p y . "  Old  R i p p y  w a s  an  a i r - l a u n c h e d  w i n g e d  t o r p e d o .  I t  w a s  l a u n c h e d  
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f r o m  a n  a i r p l a n e ,  h a d  w i n g s  on  i t ,  a n d  w a s  to  b e  g u i d e d  t o w a r d  a n  e n e m y  
s h i p .  I t  w a s  to  d i v e  i n t o  t h e  w a t e r  a t  a n  a p p r o p r i a t e  d i s t a n c e  f r o m  t h e  
t a r g e t ,  s h u c k  i t s  w i n g s  a n d  t h u s  b e c o m e  a n  u n d e r w a t e r  t o r p e d o .  A s  l o n g  
a s  i t  h a d  w i n g s  i t  w a s  in  t h e  r e a l m  of  c o g n i z a n c e  of  t h e  B u r e a u  of  A e r o -  
n a u t i c s .  B u t  a f t e r  i t  e n t e r e d  t h e  w a t e r ,  i t  w a s  a t o r p e d o ,  w h i c h  w a s  
s o m e t h i n g  f o r  t h e  B u r e a u  of  O r d n a n c e .  

O ld  R i p p y  n e v e r  a m o u n t e d  to  a n y t h i n g  b e c a u s e  n o b o d y  c o u l d  r e a l l y  
s e t t l e  t h e  j u r i s d i c t i o n a l  d i s p u t e  b e t w e e n  B u r e a u  of  A e r o n a u t i c s  and  B u r -  
e a u  of  O r d n a n c e .  T h e y  d id  m a k e  a c o m p r o m i s e .  T h e  B u r e a u  of  A e r o -  
n a u t i c s  w a s  to  h a v e  c o g n i z a n c e  of  t h i s  b e a s t  u n t i l  i t s  w i n g s  w e r e  s t r i p p e d  
of f  w h e n  i t  h i t  t h e  w a t e r ,  a n d  t h e  B u r e a u  of  O r d n a n c e  w o u l d  t a k e  o v e r .  
B u t  t h e  t r o u b l e  w a s ,  t h e y  w e r e  n e v e r  a b l e  to  b u i l d  e n o u g h  i m a g i n a t i o n  
i n t o  Old  R i p p y  s o  h e  w o u l d  k n o w  w h o  h e  w a s  r e p o r t i n g  to .  

Old  R i p p y  n e v e r  m a t e r i a l i z e d ,  b u t  l e t  m e  g i v e  y o u  s o m e  o t h e r s  t h a t  
d i d .  M a t a d o r ,  of  t h e  A i r  F o r c e ,  i s  a 5 0 0 - m i l e  s u b s o n i c ,  p i l o t l e s s  a i r -  
c r a f t  w i t h  w i n g s .  I t  s t a r t e d  o u t  s h o r t l y  a f t e r  t h e  w a r  a n d  i s  n o w  o p e r a -  
t i o n a l .  R e g u l u s  I i s  a 5 0 0 - m i l e ,  s u b s o n i c ,  p i l o t l e s s  N a v y  a i r c r a f t ,  
c a r r y i n g  t h e  s a m e  w e i g h t  of  w a r h e a d  a s  M a t a d o r .  T h e y  b o t h  s t a r t e d  a t  
t h e  s a m e  t i m e .  T h e y  a r e  v e r y  c l o s e  t o g e t h e r  i n  c h a r a c t e r i s t i c s .  F o r  
t h r e e  y e a r s  we  t r i e d  to  g e t  t h o s e  t w o  p r o g r a m s  t o g e t h e r  i n t o  a s i n g l e  o n e .  
E v e r y b o d y  i n v o l v e d  a g r e e d  t h a t  i t  w o u l d  b e  w o n d e r f u l  to  h a v e  j u s t  one  
p r o g r a m .  T h e r e  w a s  c o m p l e t e  c o n c u r r e n c e  e x c e p t  on  t h i s  p o i n t :  " I t  h a s  
t o  be  m y  m i s s i l e .  " T h e y  n e v e r  w e r e  a b l e  t o  r e s o l v e  t h a t .  So we  n o w  
h a v e ,  o f  c o u r s e ,  b o t h  R e g u l u s  and  M a t a d o r .  

R e g u l u s  I h a s  n o w  g r o w n  up  to  be  R e g u l u s  II .  R e g u l u s  II f l i e s  s u p e r -  
s o n i c a l l y  w i t h  a t u r b o j e t  e n g i n e .  I t  h a s  a 1 , 2 0 0 - m i l e ,  r a n g e .  I t  f l i e s  
h i g h e r .  I t ' s  q u i t e  a b e a s t .  I t ' s  v e r y  g o o d .  Y o u  s e e ,  t h a t ' s  B u r e a u  of  
A e r o n a u t i c s .  

At  t h e  s a m e  t i m e  t h e r e  w a s  d e v e l o p i n g  a 1 , 2 0 0 - m i l e ,  s a m e  w a r h e a d  
w e i g h t ,  a b o u t  t h e  s a m e  s p e e d ,  r a m - j e t  m i s s i l e  k n o w n  a s  t h e  T r i t o n - -  
B u r e a u  of  O r d n a n c e .  W e l l ,  f o r  t h r e e  y e a r s  t h e r e  w a s  a v e r y  s e r i o u s  
a t t e m p t  to  f o r c e  t h e  d r o p p i n g  of  e i t h e r  R e g u l u s  II  o r  T r i t o n .  " N o ,  we  
c a n ' t  d o  t h a t ,  b e c a u s e  t h e y  a r e  d i s t i n c t l y  d i f f e r e n t .  A n d ,  b e s i d e s ,  y o u  
s e e ,  T r i t o n  i s  B u r e a u  of  O r d n a n c e  and  o u r s  i s  B u r e a u  of  A e r o n a u t i c s "  
a n d  v i c e  v e r s a .  

W e l l ,  T r i t o n  w a s  f i n a l l y  p u t  on  t h e  s h e l f  a b o u t  s i x  m o n t h s  a g o .  B u t  
h e r e ' s  t h e  s o r t  o f  t h i n g  w h i c h  I ' m  c o n t e n d i n g  c a n  be  i m p r o v e d  o r g a n i z a -  
t i o n a l l y .  P l e a s e  d o n ' t  t h i n k  I ' m  b e i n g  c r i t i c a l  of o n e  s e r v i c e .  I c a n  d i g  
o u t  s o m e  o t h e r  e v i d e n c e s  on  s o m e  of  t h e  t h i n g s  i n  t h e  A r m y  i f  t h e  N a v y  
a n d  t h e  A i r  F o r c e  w o u l d  l i k e  m e  to .  
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In the good  old d a y s ,  b e f o r e  the W r i g h t  b r o t h e r s ,  m a n  l i v e d  and 
fought  on l and  or  on s e a .  The  func t ion  of the  Navy  was  to f ight  on the 
sea ;  and i t s  job s topped  at  the  s h o r e  b e c a u s e  you c o u l d n ' t  r u n  t h o s e  sh ips  
o v e r  the l and .  And t h e r e  w e r e  the g r o u n d  f o r c e s ,  the A r m y .  T h e i r  job 
was  to f ight  on l and ,  and wi thou t  p e r m i s s i o n  of the Navy  t h e y  w e r e n ' t  v e r y  
we l l  ab le  to go o v e r  the  w a t e r .  So y o u r  p h a s e  b o u n d a r i e s  de f i ned  y o u r  
f o r c e s .  T h e r e  w a s ,  of c o u r s e ,  th i s  " N e v e r  N e v e r  L a n d "  k n o w n  as  the  
M a r i n e s ,  but  t ha t  was  on ly  a s m a l l  g roup ,  v e r y  e f f e c t i v e ,  v e r y  h i g h l y  r e -  
s p e c t e d .  So the  two m a j o r  s e r v i c e s  w e r e  ab le  to get  a long  b e c a u s e  t h e i r  
b o u n d a r i e s  w e r e  we l l  de f ined .  Of c o u r s e  the M a r i n e s  a l w a y s  had  t h e i r  
s i t u a t i o n  we l l  in hand ,  T h e r e  was  n e v e r  any  p a r t i c u l a r  a r g u m e n t ;  o r  if 
t h e r e  was ,  it n e v e r  l a s t e d  v e r y  long.  T h e  N a v a l - t r a i n e d  and A r m y -  
t r a i n e d  p e o p l e  did w o r k  t o g e t h e r  e f f e c t i v e l y ,  b e c a u s e  t h e i r  f u n c t i o n s  
s topped  at  the p h a s e  b o u n d r y .  

T h e n  c a m e  the  a i r p l a n e .  And so  e v e r y b o d y  wan t s  to t r a v e l  by a i r .  
E v e r y b o d y  w a n t s  to f ight  in the a i r .  E v e r y b o d y  n e e d s  to,  b e c a u s e  a i r -  
p l a n e s  can  d o m i n a t e  both s e a  and l and .  The  a i r p l a n e  d o e s n ' t  c a r e  e s -  
s e n t i a l l y  w h e t h e r  i t ' s  o v e r  w a t e r .  It can  land  on the w a t e r .  It can  land  
on the l and .  It  c an  do a l l  k inds  of t h ings .  

And so  I s a y  tha t  i t ' s  o b s o l e t e  to have  t h e s e  d i s c i p l i n e s  wh ich  a r e  
a s s o c i a t e d  wi th  t r a i n i n g  fo r  s p a c e  and t r a i n i n g  for  l and  and t r a i n i n g  fo r  
a i r  and t h e n  s a y  tha t  w e ' r e  go ing  to d iv ide  the th ing  up on t h o s e  t h r e e  
p o i n t s ,  b e c a u s e  you don ' t  f ight  tha t  w a y  any m o r e .  You f ight  in a l l  t h r e e  
of t h e m .  

In d i s c u s s i n g  the r e s e a r c h  and d e v e l o p m e n t  p r o g r a m  I hope  I ' m  not  
go ing  to ge t  in to  th i s  r o l e s  and m i s s i o n s  a r g u m e n t .  H o w e v e r ,  wi th  the 
p r e s e n t  o r g a n i z a t i o n  a p lan  fo r  the d e v e l o p m e n t  of an  a i r p l a n e  fo r  the u se  
of the  t h r e e  s e r v i c e s  is  a m o s t  d i f f i cu l t  t a s k .  It is  a l m o s t  as  if s o m e  
e x e c u t i v e  w e r e  to p l an  as  fo l lows:  "Now,  I ' m  going to d e s i g n  an a i r p l a n e .  
I ' m  go ing  to h i r e  p h y s i c i s t s ,  but  I ' m  going  t ake  t h e m  only  f r o m  the Un i -  
v e r s i t y  of C h i c a g o .  I ' m  go ing  to h i r e  a e r o n a u t i c a l  e n g i n e e r s ,  but  I ' m  
goLng to  t ake  t h e m  on ly  f r o m  MIT.  I ' m  go ing  to h i r e  m e c h a n i c a l  e n g i -  
n e e r s ,  but  I ' m  go ing  to t ake  t h e m  only  f r o m  C a l  T e c h .  And then  I ' m  going  
to a s k  t h e m  to w o r k  t o g e t h e r ,  but  t h e y ' r e  not  going to have  a b o s s .  E a c h  
g r o u p  is  go ing  to w o r k  r a t h e r  i n d e p e n d e n t l y .  T h e y ' r e  s u p p o s e d  to c o -  
o r d i n a t e  t h e i r  a c t i v i t i e s  and to c o m e  out with one a i r p l a n e !  T h e y  wi l l  have  
d i f f e r e n t  t r a d i t i o n s ,  t h e y  wi l l  h a v e  d i f f e r e n t  a p p r o a c h e s ,  of c o u r s e ,  but  
t h e y ' r e  s u p p o s e d  to c o m e  out wi th  a good a i r p l a n e  and c o m e  out q u i c k l y ,  
and not  spend  v e r y  m u c h  m o n e y .  

What  k ind of a i r p l a n e  do you th ink  you wi l l  ge t ?  Wel l ,  y o u ' r e  going 
to get  t h r e e  d i f f e r e n t  a i r p l a n e s  t h a t ' s  a l l  t h e r e  is  to it .  You say ,  " T h a t ' s  
a v e r y  c r u d e  s o r t  of ana logy , "  but I th ink  t h a t ' s  e s s e n t i a l l y  wha t  w e ' r e  
a s k i n g  the  m i l i t a r y  to do. 
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I think eventually we're going to have to have a whole recasting of 
the military organization. It's going to be difficult to retain the old tra- 
ditions and the appropriate amount of competition and rivalry, but I think 
it will have to be done. There will have to be a recasting and redeter- 
ruination of the functions, not necessarily limited to the traditional train- 
ing disciplines. I think in both roles and missions and in research and 
development this is very important. 

I'II make some suggestions. These are mild evolutionary steps, 
which I think could be done now. 

First, there should be legislation authorizing the establishment of 
the post of Assistant Secretary for Research and Development in both the 
Navy and the Army. The Air Force already has such a post, but the other 
services do not. This move would help to centralize authority and give 
appropriate stature to the activity in those two services. Such legislation 
was introduced in 1956 but was defeated. It is important that Congress 
take another, and objective, look at the situation. 

Second, a certain proportion, say I0 percent, of the research and 
development budget of all three services should be set aside for back- 
ground research and development and placed under the jurisdiction of the 
Assistant Secretary of Defense for Research and Engineering. This would 
then give that assistant secretary the opportunity for some positive con- 
trol in guiding the military research and development program. At pres- 

ent he has only negative control, because his office has no research and 
development funds. He can say "No" to a program, but he can't initiate 
any positive action. That, I submit, is a poor way to run a railroad--or 
a research and development program. If such funds were under his juris- 
diction, the assistant secretary could use them for work contracted for 
by his office, or he might allocate them for approved projects for back- 
ground research and development to the individual services. This would 
give him a modicum of constructive control of the program. 

The above two steps might help substantially in giving background re- 
search and development appropriate status and effectiveness, but such 
activities actually only consume a small percentage of the dollars. The 
really large expenditures come in the late development and adaptation 
phases. Closer control in this area is required if the funds are to be 
spent effectively. At present too many parallel, duplicate and obsolete 
projects survive well into the expensive hardware stage. In industrial 
practice not more than one initial research idea out of ten survives into 
the development stage. This is considered to be a quite satisfactory 
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survival rate. In the military area, at the present time, probably one 
research idea out of two moves on into development, very often to die 
years later a slow, painful, and expensive death. This is too high a 
survival rate, if one is at all interested in conserving funds. 

I am a believer in a minimum birth control of new research projects 
but a substantial amount of early infanticide of projects before series de- 
velopment is undertaken. Because of the multiservice complexities, the 
Department of Defense does not have any really effective control at this 

point. 

In my opinion, an effective administrative mechanism could be es- 
tablished in the Office of the Secretary of Defense to handle this situation. 
As I mentioned before, some $3.5 billion of production funds are being 
spent for the late development, or adaptation, phase. A directive could 
be instituted requiring the seal "Approve@ for Development" before any 
production funds would be considered for expenditure on a project of any 
service. This approval would call for the signatures of both the Secre- 
tary of Defense and the Assistant Secretary of Defense for Research and 
Engineering. This would provide a modest barrier and check point and 
would afford opportunity for objective consideration and evaluation, be- 
fore the use of production funds entered into the budget planning of the 
individual services. This, in my opinion, would represent a substantial 
improvement over present practice. It would be naive to assume that 
such a control system would operate easily or that it could be institute@ 
without considerable pain. But I do believe something like that is worth 

an honest and objective trial. 

As you know, recently Secretary McElroy has announced an Advanced 
Research Project Agency. I question the wisdom of these special agencies 
except for true emergencies. As you know, there is already a Special 
Assistant for Guided Missiles. That office has been split off from the 
regular research and development organization in the Department of De- 
fense. I would call it a vertical organizational splinter. Now it appears 

that another vertical splinter is to be erected. 

It seems that this greatest democratic country, America, is just in 
love with czars. We've got to put up these little pillars and put a czar on 
top of each of them. The general feeling is: "Well, if you want something 
done, put it up this way and put a czar on top. It worries me because 
we're certainly in this for the long pull. Inevitably when you set up these 
vertical, specialized groups, you pull vitality and substance from your 
parent source of your research and development organization. Thus you 
sup the life blood out of your parent body. In other words, the splinters 
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t end  to be p a r a s i t e s .  At t i m e s  p a r a s i t e s  m a y  be v e r y  i m p o r t a n t ,  but  
you can  on ly  put  on a few p a r a s i t e s  and e x p e c t  the  p a r e n t  to l i v e .  And the 
p a r e n t  i s  the  th ing  wh ich  m u s t  l i ve  fo r  the long  pul l .  

Al l  I a m  s a y i n g  i s ,  I th ink  t h e r e ' s  go ing  to be a lo t  of p u l l i n g  and  
h a u l i n g  and s t e w i n g  on t h e s e  o r g a n i z a t i o n a l  t h ings .  R e m e m b e r ,  I ' m  not  
s p e a k i n g  o f f i c i a l l y .  T h e s e  a r e  m e r e l y  m y  p e r s o n a l  o p i n i o n s .  W e ' v e  
got  to r e o r g a n i z e  the  p h i l o s o p h y  and the o r g a n i z a t i o n  of the a r m e d  s e r v -  
i c e s  a long  the l i n e s  of t h e i r  f u n c t i o n s  r a t h e r  t han  a long  the l i n e s  of s p e -  
c i a l  d i f f e r e n c e .  I c a n ' t  e s c a p e  the f e e l i n g  tha t  at the p r e s e n t  w e ' r e  do ing  
a p a t c h w o r k  job .  

I ' m  r e m i n d e d  of e a r l i e r  d a y s .  When  I f i r s t  had an a u t o m o b i l e - - a  
M o d e l  T ,  I m i g h t  s a y - - w e  s t i l l  had t r o u b l e  with  t i r e s .  Maybe  s o m e  of 
you  r e m e m b e r .  You m a y  r e m e m b e r  tha t  t h e s e  w e r e  c l i n c h e r  t i r e s  tha t  
had  i n n e r  t u b e s  in  t h e m ,  and t i r e s  w e r e  not  a l l  t hey  shou ld  be .  T h e y  a l -  
w a y s  s e e m e d  to be h a v i n g  p u n c t u r e s  and b l o w - o u t s .  So e v e r y  d r i v e  was  
a g r e a t  a d v e n t u r e .  

In t h o s e  days  you c a r r i e d  a p a t c h i n g  outf i t  and a pump .  You n e e d e d  
s o m e b o d y  to he lp  you  wi th  the pump .  So you would  go a long  and you would  
have  one p u n c t u r e  a f t e r  a n o t h e r .  You 'd  ge t  out and t ake  the  d a m n  t i r e  off 
and p a t c h  i t ,  and t hen  you would  pump  it  up and go m e r r i l y  on y o u r  way .  
And no m a t t e r  how m a n y  s p a r e s  you had ,  you  a l w a y s  s e e m e d  to r u n  out  
of s p a r e  t i r e s .  E v e n t u a l l y ,  b e f o r e  you  got  to w h e r e  you  w e r e  go ing ,  you  
u s u a l l y  e n d e d  up by pu t t ing  p a t c h e s  on the p a t c h e s .  T h o u g h  you  u s u a l l y  
got  to y o u r  d e s t i n a t i o n ,  you w e r e  u s u a l l y  v e r y  l a t e .  At the  m o m e n t ,  in 
r e s e a r c h  and d e v e l o p m e n t  m a t t e r s ,  we s e e m  to be pu t t ing  o r g a n i z a t i o n a l  
p a t c h e s  on p a t c h e s .  T h e r e  m u s t  be  a b e t t e r  way  to do it .  

T h a n k  you.  

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

QUESTION:  D o n ' t  you b e l i e v e  it is  t r u e  tha t  m o s t  of the u n w a r r a n t e d  
d u p l i c a t i o n  is in the d e v e l o p m e n t  of h a r d w a r e  fo r  r o l e s  and m i s s i o n s  
r a t h e r  than  in s o m e  of the b a s i c  w o r k ?  

DR.  FURNAS:  Yes .  I th ink  tha t  is  e s s e n t i a l l y  t r u e .  Thus  f a r  i t ' s  
b e e n  a l i t t l e  bi t  d i f f i cu l t  to get  enough  peop le  w o r k i n g  on the b e g i n n i n g  
p h a s e s  r a t h e r  t han  too m a n y .  And c e r t a i n l y  w h e n  you d o - - w e l l ,  a s  
C h a r l i e  W i l s o n  s a y s ,  b a s i c  r e s e a r c h  is  when  you d o n ' t  know what  you a r e  
do ing .  A lot  of p e o p l e  o b j e c t  to tha t  de f in i t i on  and th ink  i t ' s  a b i t  i n s u l t -  
ing ,  but  I t h ink  as  a m a t t e r  of f ac t ,  i t ' s  not  bad .  I ' m  p e r f e c t l y  w i l l i ng  to 

18 



% , . ,  

a c c e p t  i t .  A n d  w h e n  y o u  d o n ' t  k n o w  w h a t  y o u ' r e  d o i n g ,  i t s  v e r y  w o r t h  
w h i l e  to  g e t  a s  m u c h  e x p l o r a t i o n  a s  y o u  c a n  g e t  on  t h e  job .  

M i g h t  I j u s t  g i v e  t h e  a n a l o g y  of  i n d u s t r y .  I n d u s t r i a l  r e s e a r c h  i s  a 
p r o f i t a b l e  o p e r a t i o n .  O u r  b l u e - r i b b o n  i n d u s t r i e s  h a v e  c e r t a i n l y  f o u n d  
t h a t  ou t .  I t ' s  b e e n  e s t a b l i s h e d  t i m e  a n d  a g a i n  t h a t  i n d u s t r i a l  r e s e a r c h  i s  
w o r t h  w h i l e .  I t ' s  i n  t h e  p a t h  of s u r v i v a l .  Bu t  a l s o  i t ' s  a v e r y  h a r d - b o i l e d  
b u s i n e s s .  Y e t ,  a s  I m e n t i o n e d  b e f o r e  o n l y  a b o u t  o n e  i d e a  t h a t  h a s  b e e n  
r e s e a r c h e d  o u t  of  t e n  s u r v i v e s  f o r  d e v e l o p m e n t  a n d  u s e .  Of  c o u r s e ,  t h a t ' s  
a 90 p e r c e n t  m o r t a l i t y .  A b a n k e r  m i g h t  l o o k  at  i t  a n d  s a y :  " M y  G o d ,  
y o u ' r e  t e r r i b l e .  " A s  a m a t t e r  o f  f a c t ,  t h a t ' s  v e r y  g o o d .  I f  o n e  o u t  o f  t e n  
s u r v i v e s ,  t h a t ' s  a v e r y  s a t i s f a c t o r y  p e r f o r m a n c e .  

B u t  t h e r e  i s  a v e r y  s i m p l e  c r i t e r i o n  in b u s i n e s s  o r  in  i n d u s t r y :  
i t  m a k e  m o n e y  o r  w o n ' t  i t ? "  Y o u  h a v e  a d e f i n i t e  y a r d s t i c k  a n d  y o u r  
e v a l u a t i o n  c a n  b e  c l e a n  cu t .  

"Will 

I h a v e  no  w a y  of r e a l l y  k n o w i n g  h o w  m a n y  i d e a s  t h a t  a r e  b e i n g  r e -  
s e a r c h e d  o n  in  t he  m i l i t a r y  e s t a b l i s h m e n t  s u r v i v e ,  b u t  I h a v e  s a i d  t h a t  i t  
i s  p r o b a b l y  a b o u t  o n e  ou t  o f  t w o .  A n d  t h e n  t h e  p r o j e c t s  go  t h r o u g h  a n  e x -  
p e n s i v e  d e v e l o p m e n t  p h a s e .  T h e  d e v e l o p m e n t s  b e c o m e  c o m p e t i t i v e  a n d  
t h e n  t h e  r o l e s  a n d  m i s s i o n s  a r g u m e n t  b e g i n s .  E a c h  one  of t he  s e r v i c e s  
t r i e s  d e s p e r a t e l y  t o  c a r r y  i t s  d e v e l o p m e n t  f a r  e n o u g h  a l o n g  to e s t a b l i s h  
a s t r o n g  p o s i t i o n .  So y o u  go a r o u n d ,  and  a r o u n d ,  and  you  c a r r y  t h r o u g h  
m a n y  m o r e  d e v e l o p m e n t s  t h a n  t he  m i l i t a r y  e s t a b l i s h m e n t  r e a l l y  n e e d s .  

I hope I didn't give the impression that this matter of duplication in 
terms is meant for the basic research aspect. We certainly thus far have 
not had any unnecessary duplication there. 

Q U E S T I O N :  We h a v e  h e a r d  a lo t  f o r  m a n y  y e a r s  a b o u t  t h i s  i n t e r -  
s e r v i c e  r i v a l r y ,  b u t  we  do h a v e  a n a t i o n a l  m i l i t a r y  e s t a b l i s h m e n t - - t h e  
D e p a r t m e n t  of  D e f e n s e .  I t h i n k  we  do  h a v e  a s i n g l e  D e p a r t m e n t  of  D e -  
f e n s e  e x c e p t  f o r  p e o p l e  w h o  e i t h e r  a r e  n o t  w i l l i n g  o r  no t  q u a l i f i e d  o r  a r e  
n o t  p e r m i t t e d  to  t a k e  d i r e c t  a c t i o n .  I t h i n k  a lo t  o f  the  f a i l u r e s  in  t he  d e -  
c i s i o n - m a k i n g  p r o c e s s  c o m e  a b o u t  b e c a u s e  t e c h n i c a l  p e o p l e  a r e  no t  p e r -  
m i t t e d  to  m a k e  d e c i s i o n s .  B u t  p r e s u m a b l y  we do h a v e  a s i n g l e  m i l i t a r y  
s e r v i c e .  

I c a n ' t  s e e  h o w  p e o p l e  a p p o i n t e d  f r o m  p o l i t i c a l  l i f e  w o u l d  b e  a n y  d i f -  
f e r e n t  f r o m  the  p e o p l e  t h a t  we  h a v e  o v e r  in  t h e  D e p a r t m e n t  of D e f e n s e  
n o w .  T h e y  w o u l d  h a v e  t h e i r  p o l i t i c a l  p r e s s u r e s  and  w o u l d n ' t  b e  a n y  d i f -  
f e r e n t ,  H a v i n g  p u l l e d  t h e m  f r o m  t h e  m i l i t a r y ,  you  a r e  a s k i n g  t h e s e  p e o p l e  
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to  c h a n g e  t h e i r  s p o t s ,  a n d  I d o n ' t  t h i n k  t h e y  c a n  do i t .  We w i l l  h a v e  to  
r a i s e  a w h o l e  n e w  b r e e d  of  c a t s .  F r o m  w h a t  I r e a d  i n  t h e  p a p e r s  I a m  
no t  s u r e  t h a t  s o m e  of  y o u r  s c i e n t i s t s  w i l l  e v e n  b e  w i l l i n g  to h a v e  t h e  D e -  
p a r t m e n t  of  D e f e n s e  s u p p l y  the  e n v i r o n m e n t  f o r  t h e m .  A lo t  o f  t h e m  h a v e  
t h i s  i n t e r n a t i o n a l  f e e l i n g ,  t h i s  m o r a l  s e n s e ,  t h i s  s e n s e  of  G o d ,  t o w a r d  
t h e  w o r l d .  W h o  a r e  y o u  g o i n g  to g e t  to  h e a d  up  t h i s  m a g i c a l  s e r v i c e ?  

DR. FURNAS: My point is, of course, that I think some changes in 
the organizational pattern and responsibility pattern will make a differ- 
ence. The people aren't going to change. We're not going to have a new 
breed. It certainly has been characteristic of people, and I think par- 
ticularly Americans, that we really don't get together and do things un- 
til we're scared. 

Fortunately for us, in our past history we have had enough time to do 
something after we got scared. But we won't have next time. This time 
factor is what worries me. Certainly in wartime, joint task forces work 
very well indeed. The assignment is clean cut, the challenge is there, 
people are scared, and they go ahead and do the job. 

I ' d  s a y  a t  t h e  p r e s e n t  t i m e  t h e r e  a r e  a c o u p l e  o f  e x a m p l e s  of  c o -  
o p e r a t i v e  a c t i o n s .  O n e  of  t h e m  is  A F S W P - - t h e  A r m e d  F o r c e s  S p e c i a l  
W e a p o n s  P r o j e c t .  T h i s  h a s  w o r k e d  v e r y  w e l l  i n d e e d  o v e r  a s e r i e s  of  
y e a r s .  T h e  m a n a g e m e n t  p e o p l e  e s s e n t i a l l y  t a k e  o f f  t h e i r  u n i f o r m s .  T h e y  
w o r k  t o g e t h e r  on  t h e  c o m m o n  p r o b l e m s ,  a n d  t h e  r e s u l t s  a r e  g o o d .  

I think there's another example which is in the making at the present 
time. That's CONAD--the Continental Air Defense Command. There's a 
triservice setup, but certainly as far as the people in headquarters are 
concerned, they coordinate very much better than in the Pentagon. In 
other words, there is a single job to do. The collaborative spirit very 
soon dominates. It's the organizational framework that allows this feel- 
ing of joint responsibility to grow. 

Large-scale reorganization of the military will not be simple. I 
recognize that. This is one reason why I think it's important to say these 
things and say them so the Congress will hear them. There are certain 
things that Congress can do. It's not going to be an easy job, but it 
doesn't require a new breed of people. 

Q U E S T I O N :  Y o u  d i s c u s s e d  t h e  e c o n o m i c  r e s p o n s i b i l i t y  of  t h e  m i l i t a r y  
t o w a r d  r e s e a r c h  a n d  i n d i c a t e d  t h a t  t h e r e  i s  an  a m o u n t  of a r o u n d  $5 b i l l i o n  
in  t o t a l  r e s e a r c h  f u n d s  a v a i l a b l e .  We h a v e  r e a d  a lo t  in  t h e  p a p e r s  a b o u t  
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how inadequate the United States research is, both basic and applied. Is 
it possible to tell us the order of magnitude perhaps that you think our 
Department of Defense research, both in basic and applied, should reach 
to be effective? And how do you think it should be spent? 

DR. FURNAS: This may surprise you, but I think if we were to 
properly utilize the $5 billion, we would be doing very well indeed. 

One reason why I say it is adequate at the present time is that we 
simply don't have enough good scientific and engineering talent on which 
to spend any more money. With more money one could hire more and 
more mediocre people, but they would just get in each other's way. I 
think we ought to put emphasis on spending more wisely what we have 
rather than keeping on asking for more money for research and develop- 
ment at this time. This is heresy, I suppos~ but that's the way I feel. 

QUESTION: We are all familiar with the ability of Mr. McNeil to 
control service project areas through his funding limitations. I am won- 
dering, with this very effective control at the Department of Defense level, 
what factors you feel contribute to Defense's inability to eliminate these 
duplicating projects, such as those you mentioned. 

DR. FURNAS: Let me say first that I found McNeal a very intelligent 
person and really a very cooperative one and one who for a financial man 
has a tremendous amount of knowledge about research and development. 
He is, frankly, a very unusual person. 

All of these controls, whether in McNeil's office or the others, have 
the drawback of largely being negative controls. At least theoretically, 
you can say "No" and in many cases you do say "No." McNeil says "No," 
and Brundage says "No." But this is a situation analogous to two people 
driving a car. One of the drivers can only reach the brake and the other 
one has charge of the accelerator. Unless there is a marvelous meeting 
of the minds, that's a hell of a way to drive an automobile. This is es- 
sentially what you have. There isn't any control in the office of Mr. 
McNeil or the Secretary of Defense or the Assistant Secretary for R&D 
except by putting on the brake. What you need to have here is some kind 
of constructive control. And that, of course, is difficult with the degree 

of autonomy of the services. 

I might say that I don't think we should go the way of the British in 
having a Ministry of Supply. In that case the responsibility of the armed 
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s e r v i c e s  i s  l i m i t e d  t o  u s i n g  s t u f f  w h i c h  t h e  c i v i l i a n  g r o u p  i n  t h e  M i n i s t r y  
o f  S u p p l y  f e e l s  i t  s h o u l d  d e v e l o p  f o r  t h e m .  T h i s  d o e s n ' t  w o r k  v e r y  w e l l  
f o r  t h e m  e i t h e r .  I do  s a y  t h a t  t h e r e  n e e d s  to  b e  m o r e  p o s i t i v e  c o n s t r u c -  
t i v e  c o n t r o l ,  s o  t h e  D e p a r t m e n t  of D e f e n s e  c a n  k e e p  p r o g r a m s  g o i n g  i n  
o n e  d i r e c t i o n  i n s t e a d  of  t h r e e .  

Q U E S T I O N :  D o  y o u  b e l i e v e  t h a t  o u r  p e o p l e ,  e s p e c i a l l y  t h e  y o u n g e r  
g e n e r a t i o n ,  h a v e  l o s t  t h e i r  s e n s e  of  p u r p o s e ,  a s  t h e  w h o l e  A m e r i c a n  p u b -  
l i c  s e e m s  to  h a v e ?  T h e  R u s s i a n s ,  o n  t h e  o t h e r  h a n d ,  s e e m  t o  h a v e  a 
p u r p o s e  in  l i f e .  T h e y  h a v e  g i v e n  e n o u g h  to  t h e s e  p e o p l e ,  e v e n  t h o u g h  
t h e i r  s t a n d a r d  o f  l i v i n g  i s  l o w e r ,  s o  t h a t  t h e i r  a c h i e v e m e n t s  h a v e  b e e n  
e n o r m o u s .  T h e y  a r e  p r o u d  of  t h e m .  T h e y  r e a l l y  a r e  g o i n g  p l a c e  s . O u r  
g e n e r a t i o n  a n d  t h e  p e o p l e  i n  t h e  m i l i t a r y  a r e  a w a r e  o f  t h e  C o m m u n i s t  
i d e o l o g y  a n d  w h a t  i t  m e a n s .  B u t  i t  s e e m s  to  m e  t h a t  t h e  w a y  we  a r e  l i v -  
i n g ,  t h e  f r e e d o m  of  o u r  f u t u r e  g e n e r a t i o n s  i s  g o i n g  b y  d e f a u l t ;  t h a t  u n l e s s  
we  c a n  a r o u s e  t h i s  t y p e  o f  t h i n g  in  t h e  A m e r i c a n  p u b l i c ,  a n d  u n l e s s  we  
c a n  t r a n s f e r  t h a t  t o  o u r  a l l i e s ,  we  s o r t  o f  l o s e  t h e  b a t t l e .  

D R .  F U R N A S :  I c o u l d n ' t  a g r e e  w i t h  y o u  m o r e .  I d o n ' t  t h i n k  t h a t  t h e  
m o r a l  f i b e r  o f  t h e  A m e r i c a n  p e o p l e  h a s  n e c e s s a r i l y  g o n e  to  p o t .  B u t  I 
t h i n k  i t  c e r t a i n l y  i s  t r u e ,  a n d  p a r t i c u l a r l y  s i n c e  W o r l d  W a r  I I ,  t h a t  t h e  
y o u n g e r  g e n e r a t i o n  h a s  b e c o m e  p r i m a r i l y  i n t e r e s t e d  in  t h e  q u i c k  b u c k  a n d  
t h e  s o f t  t o u c h .  T h i s  m a y  be  o n l y  a s i g n  t h a t  I ' m  g e t t i n g  o l d ,  b e c a u s e ,  o f  
c o u r s e ,  t h e  n e x t  g e n e r a t i o n  h a s  b e e n  g o i n g  t o  h e l l  f o r  6 , 0 0 0  y e a r s .  B u t  
c e r t a i n l y  a l l  t h e  e v i d e n c e  we  h a v e ,  a n y  w a y  y o u  w a n t  t o  l o o k  a t  i t ,  s h o w s  
t h a t  t h i s  i s  t r u e .  

T h i s  i s  r a t h e r  a c y n i c a l  a t t i t u d e ,  w h i c h  i s  a r a t h e r  n a t u r a l  a f t e r -  
m a t h  o f  a w o r l d  c o n f l i c t .  I t h i n k  t h a t  t h i s  h a s  a l w a y s  b e e n  t r u e  a f t e r  
t h e s e  w o r l d  c o n f l i c t s .  I t h i n k  we  s t i l l  h a v e  i t .  

B u t  we  do  h a v e  to  w a k e  up  to  t h e  f a c t  t h a t  t h e y  a r e  i n  d a n g e r .  A n d  
t h i s  i s  t h e  r e a s o n  t h a t  t h e s e  s p u t n i k s  m a y  t u r n  o u t  t o  be  b e n e f i c i a l  t o  
A m e r i c a .  I t h i n k  t h e y  h a v e  p r o v i d e d  t h e  g r e a t e s t  s h o t  of  t u r p e n t i n e  a n d  
a d r e n a l i n  t h a t  we  h a v e  h a d  f o r  a l o n g  t i m e .  I t h i n k  i t  w a s  t i m e  we  h a d  
o n e .  A n d  s o  I ' m  n o t  t o o  d i s c o u r a g e d .  B u t  t h e  A m e r i c a n  p u b l i c  m u s t  r e -  
s p o n d  t o  t h e s e  t h i n g s  o r  we  w i l l  h a v e  h a d  i t  b e f o r e  v e r y  l o n g .  

Q U E S T I O N :  H o w  do  y o u  t h i n k  we  s h o u l d  go  a b o u t  l e t t i n g  p e o p l e  k n o w  
h o w  b a d  t h i n g s  a r e ?  

D R .  F U R N A S :  Of c o u r s e  we  a l w a y s  go  to  e x t r e m e s .  W e ' r e  c o m -  
p l e t e l y  a p a t h e t i c  o r  w e ' r e  f r a n t i c .  I h o p e  we  d o n ' t  b e c o m e  s o  f r a n t i c  n o w  

t h a t  we  j u s t  r i d e  of f  in  a l l  d i r e c t i o n s .  B u t  i t ' s  a r e a l l y  s e r i o u s  p r o b l e m .  
Y o u ' r e  e n t i r e l y  r i g h t .  
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QUESTION: You indicated that one of the reasons why we should not 
spend more than $5 billion at present is inadequate scientific and engi- 
neering personnel. As an educator and also a public servant, what do 
you recommend to remedy this situation? 

DR. FURNAS: There are schemes under every bush for the support 
of higher education, particularly for scientists and engineers. Here again 
I hope we donft go overboard and try to make everybody into a scientist 
or an engineer. We would have a fine mess if we attempted that. Some of 
the schemes advocate scholarship support, direct and indirect support of 
both public and private institutions, and so forth and so on. There should 
also be a lot of pressure for more private gifts and for industrial funds 
for the raising of education. All of these things help. 

There is no magic formula. It will take 20 years to correct the sit- 
uation. We've got to start the new crop of young people through high 
school and then get them through college and then through graduate work 
and then provide research experience before we have all the research 
talents we need. There will be a long timelag and those who think wetre 
going to solve it next year are just completely unrealistic. 

It 's a matter of arousing the public, of getting the sense of the meet- 
ing of America. Here again sputnik has helped. 

And then people say, "Well, you can't afford to do these things. " 
There's just one little statistic that I want to give you. Last year the bill 
for higher education, that is, all education beyond the high school, ap- 
peared to be quite large. There's been a lot of yowling and a tremendous 
amount of taxpayers' revolts everywhere. But the total bill for all higher 
education, in public and private institutions, last year was less than eight- 
tenths of 1 percent of the gross national product. And in that same year 
the amount of money which was spent on tobacco was 50 percent more 
than that, and that which was spent on beverage alcohol was two and a 
half times that much. 

Now,  d o n ' t  ge t  m e  w r o n g .  I b e l i e v e  in  t o b a c c o ,  a l c o h o l ,  and e d u c a -  
t i on ,  a l l  in m o d e r a t i o n .  My po in t  i s  t ha t  w h e r e  you  s p e n d  l e s s  t h a n  e i g h t -  
t e n t h s  of 1 p e r c e n t  on h i g h e r  e d u c a t i o n ,  50 p e r c e n t  m o r e a n  t o b a c c o ,  and 
two  and  a ha l f  t i m e s  as  m u c h  on a l c o h o l ,  we can  c e r t a i n l y  p a y  f o r  h i g h e r  
education if we really want it. It is a matter of arousing the public senti- 
ment, to the point where they're willing to pay out another small fraction 
of a percent on higher education. The public is beginning to feel the 
urgency. We can do it. The free press, open discussions, and public 
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e d u c a t i o n  of adu l t s  a r e  a l l  i m p o r t a n t .  Th i s  is  the h e a r t  of the A m e r i c a n  
a p p r o a c h  to m a j o r  p r o b l e m s .  We have  s o l v e d  s u c h  p r o b l e m s  in the pa s t  
and we w i l l  do it a g a i n  in the  f u t u r e ,  if we have  t i m e .  But  the s h o r t a g e  
of t i m e ,  f r a n k l y ,  w o r r i e s  m e .  

C A P T A I N  WRIGHT:  D r .  F u r n a s ,  on b e h a l f  of the a u d i e n c e  th i s  
m o r n i n g ,  I wou ld  l ike  to thank  you f o r  a v e r y  i n t e r e s t i n g  d i s c u s s i o n .  

DR. FURNAS:  T h a n k  you v e r y  m u c h .  

(9 M a y  1958- -4 ,  100)B/ l j t ,  djc 
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