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M A N A G E M E N T  T E C H N I Q U E S  F O R  T H E  M A N A G E M E N T  
A N D  D E V E L O P M E N T  O F  W E A P O N  S Y S T E M S  

22 J a n u a r y  195B 

CAPTAIN WRIGHT: Admiral Clark and Gentlemen: At the end of 
our Production Unit last year,  when the members of the Production 
Branch met in post mortem to see what we had and had not accomplished~ 
we felt that there was one area which we had neglected and that was how 
we went about organizing for the management and the production of our 
very complicated weapon systems which are a part of the scene today. 
We didn't know the answer to this, but we thought we ought to explore 

the problem. 

C o l o n e l  T o m  C r y s t a l ,  who  w a s  a m e m b e r  o f  o u r  b r a n c h  a t  t h a t  t i m e ,  
t o o k  t h e  p r o b l e m  w i t h  h i m  on  t h e  a n n u a l  s p r i n g  f i e l d  t r i p  to  C a l i f o r n i a ;  
a n d  w h i l e  t h e r e  he  d i s c u s s e d  i t  w i t h  t h e  D i r e c t o r  o f  t h e  J e t  P r o p u l s i o n  
L a b o r a t o r y  o f  t h e  C a l i f o r n i a  I n s t i t u t e  o f  T e c h n o l o g y .  

This gentleman did such a good job on the scope that the only 
problem the College then had was to find a man to fit the scope. I am 
sure you are  all ahead of me now. We prevailed on that gentleman to 
come back and deliver the lecture for us. So this morning we are indeed 
fortunate to have as our speaker Dr. William H. Picketing, Director of 

the Jet Propulsion Laboratory. 

I know that he arrived in town this morning at about 4:45, and 
Dr. Pickering may be having some second thoughts on accepting our 
invitation. But we are delighted to have him with us this morning. 

Sir, it 's a pleasure for me to welcome you to our college platform 
and to introduce you to this audience. 

DR.  P I C K E R I N G :  T h a n k  y o u ,  C a p t a i n .  

A d m i r a l  C l a r k ,  G e n t l e m e n :  A s  C a p t a i n  W r i g h t  s a y s ,  w h e n  I a c c e p t e d  
t h i s  i n v i t a t i o n  s o m e  m o n t h s  ago ,  I h a r d l y  v i s u a l i z e d  t h a t  I w a s  g o i n g  to 
c o m e  t e a r i n g  i n t o  t o w n  a t  4 o ' c l o c k  in  t h e  m o r n i n g  to  g i v e  a l e c t u r e  a t  
10 :30 .  B u t  i n  t h e  m i s s i l e  b u s i n e s s  o n e  o f  t h e  t h i n g s  t h a t  h a p p e n s  i s  
t h a t  m i s s i l e  t e s t  p r o g r a m s  h a v e  a h a b i t  o f  g e t t i n g  c h a n g e d .  T h e  p r o g r a m  
w i t h  w h i c h  I a m  c o n n e c t e d  i n v o l v e d  a t e s t  a t  E l  P a s o  y e s t e r d a y ,  a t  w h i c h  
I h a d  to b e  p r e s e n t .  So h e r e  I a m .  



I w o u l d  a l s o  l i k e  t o  m a k e  t h i s  c o m m e n t :  I t h i n k  t h i s  i s  t h e  f i r s t  
t i m e  I h a v e  e v e r  g i v e n  a l e c t u r e  o n  t h i s  t y p e  o f  s u b j e c t .  I a m  u s e d  to  
l e c t u r i n g  on  s a t e l l i t e s  a n d  s u c h  t h i n g s .  So y o u  w i l l  h a v e  to  b e a r  w i t h  m e  
a b i t .  

In  t a l k i n g  a b o u t  t h e  d e v e l o p m e n t  a n d  p r o d u c t i o n  a n d  m a n a g e m e n t  o f  
w e a p o n  s y s t e m s ,  I w o u l d  l i k e  to  p o i n t  ou t  j u s t  w h y  w e  h a v e  a n e w  p r o b l e m  
h e r e  i n  o u r  m i l i t a r y  t e c h n o l o g y .  I a m  s u r e  a l l  o f  u s  a r e  a w a r e  o f  i t ,  b u t  
I t h i n k  i t  m i g h t  b e  w e l l  to  r e i t e r a t e  i t .  

M u c h  o f  w h a t  we  a r e  t a l k i n g  a b o u t  h a s  d e v e l o p e d  s i n c e  W o r l d  W a r  I I .  
D u r i n g  W o r l d  W a r  II ,  w h e n  c i v i l i a n  s c i e n c e  w a s  m o b i l i z e d  to  h e l p  t h e  
m i l i t a r y ,  t h e  r e s u l t  w a s  t h a t  c i v i l i a n  s c i e n c e  p r o d u c e d  a g r e a t  m a n y  n e w  
g a d g e t s  a n d  n e w  i d e a s .  U n d e r  w a r t i m e  c o n d i t i o n s ,  o f  c o u r s e ,  t h e  
i m p l e m e n t a t i o n  o f  m a n y  o f  t h e s e  i d e a s  w a s  c a r r i e d  o u t  d i r e c t l y  u n d e r  t h e  
d i r e c t i o n  o f  t h e s e  v a r i o u s  c i v i l i a n  s c i e n t i f i c  g r o u p s  u n d e r  t h e  N D R C  o r  
O S R D  s e t u p .  

At  t h e  e n d  o f  t h e  w a r  t h e  c o m p l e t e  m o b i l i z a t i o n  o f  s c i e n c e  w a s  
d r o p p e d .  O n  t h e  o t h e r  h a n d ,  t h e  i d e a s  w h i c h  w e r e  d e v e l o p e d  a t  t h a t  t i m e  
a n d  t h e  c o n c e p t s  o f  t h e  n e w  w e a p o n s  a n d  t h e  p a r t  w h i c h  i n d u s t r y  h a d  b e e n  
p l a y i n g  in  t h e  d e v e l o p m e n t  o f  n e w  w e a p o n s - - a l l  o f  t h i s ,  o f  c o u r s e ,  h a s  
l e d  to  a c o n t i n u e d  i n t e r e s t ,  i n  f a c t  a n e c e s s i t y ,  f o r  p r o d u c i n g  t h e s e  n e w  
t y p e s  o f  d e v i c e s .  

T h e  d e v e l o p m e n t  o f  n e w  w e a p o n s  m u s t  a l w a y s  b e  a p r o b l e m  f o r  a n y  
m i l i t a r y  g r o u p ,  b e c a u s e  a m i l i t a r y  g r o u p  b y  i t s  v e r y  n a t u r e  m u s t  b e  
c o n s e r v a t i v e  a s  f a r  a s  n e w  w e a p o n s  a r e  c o n c e r n e d .  T h e  m i l i t a r y  m a n  
m u s t  h a v e  c o n f i d e n c e  in  h i s  w e a p o n s .  He  m u s t  t h e n  m o u n t  t h e  w e a p o n s  
t h a t  h e  h a s  u s e d  a n d  t h a t  h e  h a s  h a d  e x p e r i e n c e  w i t h .  So a n y  t i m e  t h a t  
a n e w  w e a p o n  s y s t e m  i s  p r e s e n t e d  to h i m ,  i t  h a s  to  b r e a k  d o w n  a n  i n n a t e  
c o n s e r v a t i s m  o f  t h e  m i l i t a r y  m a n .  

T h i s  w a s  v e r y  o b v i o u s  d u r i n g  W o r l d  W a r  II ,  w h e n  a n u m b e r  o f  r a t h e r  
s p e c t a c u l a r  s c i e n t i f i c  a d v a n c e s  h a d ,  f r a n k l y ,  t o  be  p u s h e d  d o w n  t h e  
t h r o a t  o f  t h e  m i l i t a r y .  T h i s  i s ,  h o w e v e r ,  a p e r f e c t l y  u n d e r s t a n d a b l e  
s i t u a t i o n .  T h i s  a l s o ,  I t h i n k ,  i s  a p a r t  o f  t h e  p i c t u r e  o f  t h e  p r o b l e m  o f  
p r o d u c i n g  m o d e r n  w e a p o n  s y s t e m s .  

N o w ,  a c e n t u r y  a g o ,  i f  we  t a l k e d  a b o u t  w e a p o n  s y s t e m s ,  we  w o u l d  
h a v e  t a l k e d  a b o u t  m e n  a n d  r e l a t i v e l y  s i m p l e  g u n s .  T h e  w e a p o n  s y s t e m  
w a s  r e a l l y  t h e  i n t e g r a t e d  un i t  o f  m e n  p l u s  g u n s .  T h e  p r o b l e m  t h e n  of  
t h e  m i l i t a r y  m a n  w a s  to  w e l d  t h e  u n i t  i n t o  an  e f f e c t i v e  w e a p o n .  L a r g e  
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n u m b e r s  of m e n  w e r e  i nvo lved ,  and the  s u c c e s s  of the  w e a p o n  r e a l l y  
l ay  in  the  s k i l l  of the  c o m m a n d e r  in  h a n d l i n g  h i s  m e n  and in a d a p t i n g  
h is  weapon  to the  p a r t i c u l a r  s i t u a t i o n  at  hand.  M i l i t a r y  s c i e n c e  was  l i t t l e  
c o n c e r n e d  wi th  the  t e c h n i c a l  d e t a i l s  of guns o r  a m m u n i t i o n ,  but  i n s t e a d ,  
was  a s tudy  of  t a c t i c s  a p p r o p r i a t e  to a l l  p o s s i b l e  s i t u a t i o n s  and  the  
p r o b l e m  of o r g a n i z a t i o n  and t r a i n i n g  to m a k e  t h o s e  t a c t i c s  m o s t  e f f e c t i v e .  

The  p r o b l e m  now, h o w e v e r ,  is  tha t  i n s t e a d  of r e q u i r i n g  l a r g e  
n u m b e r s  of m e n  to we ld  t o g e t h e r  in to  a weapon  s y s t e m ,  we f ind tha t  the  
f i r e  p o w e r  at the  c o m m a n d  of a s i n g l e  i n d i v i d u a l  i s  f a n t a s t i c a l l y  g r e a t e r  
than  cou ld  have  b e e n  i m a g i n e d  a few y e a r s  ago.  One shot  m a y  win  a 
ba t t l e ;  two sho t s  m a y  win a w a r .  And even  b e f o r e  the  days  of n u c l e a r  
w e a p o n s  it was  obv ious  tha t  th i s  t r e n d  of i n c r e a s e d  f i r e  p o w e r  in the  
hands  of a few i n d i v i d u a l s  was  c e r t a i n l y  t h e r e .  So tha t  the  n u m b e r  of  
m e n  in  the  f i e ld  r e q u i r e d  to in f l i c t  a g iven  a m o u n t  of  d a m a g e  to the e n e m y  
is  s t e a d i l y  d e c r e a s i n g ,  but the  d e v i c e s  u sed  by t h e s e  m e n  a r e  b e c o m i n g  
i n c r e a s i n g l y  m o r e  c o m p l i c a t e d .  Guns and a m m u n i t i o n  r e q u i r e  c o m p l e x  
m a n u f a c t u r i n g ,  m a i n t e n a n c e ,  and supp ly  o p e r a t i o n s .  The  c o m m a n d e r  is 
no l o n g e r  s o l e l y  c o n c e r n e d  with  t a c t i c s ,  but i n c r e a s i n g l y  with  t e c h n i c a l  
p r o b l e m s  a s s o c i a t e d  with his  w e a p o n s .  He has  to l e a r n  to dea l  not on ly  
wi th  m e n ,  but  wi th  m a c h i n e s .  

I n s t e a d  of w e l d i n g  a g r o u p  of m e n  and guns in to  a w o r k a b l e  weapon ,  
he  now f inds  tha t  s o m e  s c i e n t i s t  o r  e n g i n e e r  o r  m i l i t a r y  p l a n n e r  has  
g i v e n  h im a weapon  s y s t e m  o v e r  wh ich  he  has  v e r y  l i t t l e  c o n t r o l .  If the  
s y s t e m  wi l l  w o r k  on ly  in  a d e s e r t  c l i m a t e  and  he is  f igh t ing  in  a t r o p i c a l  
r a i n  f o r e s t ,  he m a y  be  f o r c e d  to abandon  the  d e v i c e  unt i l  s o m e  t e c h n i c a l  
g e n i u s  b a c k  h o m e  s o l v e s  the  p r o b l e m  and p r o d u c e s  a n e w  d e v i c e .  

Thus  i t  b e c o m e s  i n c r e a s i n g l y  i m p o r t a n t  tha t  w e a p o n  s y s t e m s  be  
d e s i g n e d  to s o l v e  the  r e a l  m i l i t a r y  p r o b l e m .  T h e  m o r e  c o m p l e x  the  
s y s t e m ,  the  m o r e  d i f f i cu l t  to i m p r o v e  it in  the  f ie ld ,  the  m o r e  d i f f i cu l t  
fo r  h u m a n  a c t i o n  on t h e b a t t l e f i e l d  to adapt  the  d e v i c e  to a n e w  m i l i t a r y  
s i t ua t i on .  

A r e c o g n i t i o n  of t h i s  fac t  has  l ed  s o m e  weapon  s y s t e m  p l a n n e r s  to 
d e v e l o p  s y s t e m s  of f a n t a s t i c  c o m p l e x i t y .  As e a c h  n e w  p r o b l e m  is  con -  
c e i v e d ,  s o m e  n e w  b l a c k  box  o r  c o n t r o l  o r  d e s i g n  c o n s t r a i n t  i s  p l a c e d  
on the  w e a p o n .  The  r e s u l t s  have  b e e n  s o m e  a m a z i n g l y  s o p h i s t i c a t e d  
d e v i c e s  of m a r v e l o u s  i ngenu i ty ,  but  of l i t t l e  p r a c t i c a l  Va lue .  And th i s  
i s  a t r e n d  tha t  m u s t  be  r e s i s t e d  at a l l  c o s t s .  S i m p l i c i t y  and  r e l i a b i l i t y  
m u s t  be the f i r s t  c o n s i d e r a t i o n s  in a l l  s y s t e m  p l ann ing .  
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T h e s e  s u p e r s o p h i s t i c a t e d  s y s t e m s  a r e  u s u a l l y  an  i n d i c a t i o n  of  p o o r  
p l a n n i n g  and  p o o r  d e s i g n .  In a l m o s t  any  s y s t e m  p r o b l e m  it  i s  e a s y  to 
add  c o m p l e x i t y  to  s o l v e  s o m e  n e w  f a c e t s  of  t h e  p r o b l e m ;  bu t  t he  r e a l l y  
g o o d  d e s i g n e r  w i l l  go b a c k  and  l o o k  at  t he  p r o b l e m  as  a who le  and  c o m e  
up wi th  s o m e  s i m p l e r  o v e r a l l  a n s w e r .  

And  so  we a r r i v e  at  t he  f ac t  t ha t  t o d a y  it  i s  of  l i t t l e  v a l u e  to d e s i g n  
a n e w  w e a p o n ,  a n e w  gun ,  a n e w  m i s s i l e ,  o r  e v e n  a n e w  b o m b  u n l e s s  at  
t he  s a m e  t i m e  i t  i s  d e s i g n e d  in to  a c o m p l e t e  w e a p o n  s y s t e m .  

A w e a p o n  s y s t e m  h a s  b e e n  d e f i n e d  a s  a g r o u p  of  t a c t i c a l  d e v i c e s  
w h i c h  t o g e t h e r  p e r f o r m  a m i s s i o n ;  t ha t  i s ,  d e t e c t  a t a r g e t ,  i d e n t i f y  i t  a s  
f r i e n d  o r  foe ,  d e l i v e r  a p a y l o a d  on  it ,  and  a s s e s s  the  r e s u l t i n g  d a m a g e .  
T h e  e m p h a s i s  l i e s  in  the  f ac t  t h a t  a m i s s i o n  m u s t  be  p e r f o r m e d  and  
tha t  a l l  of  t he  r e l a t e d  e q u i p m e n t  i s  to be  c o n s i d e r e d  a p a r t  of the  s y s t e m .  
As I s t a t e d  a f ew  m i n u t e s  ago ,  the  n e w  c o n c e p t  is  t ha t  t he  s y s t e m  d o e s  no t  
c o n s i s t  of  a d i s c i p l i n e d  g r o u p  of m e n ,  bu t  of an  i n t e g r a t e d  s e t  of  c o m p l e x  
e q u i p m e n t  wi th  a v e r y  few m e n  at  key  s p o t s .  

And  so we c o m e  to the  r e a l i z a t i o n  t ha t  m i l i t a r y  t e c h n o l o g y  c a n  no 
l o n g e r  be  s a t i s f i e d  w i th  a d e v e l o p m e n t  g r o u p ,  g o v e r n m e n t  o r  i n d u s t r i a l ,  
w h i c h  i s  c a p a b l e  of p r o d u c i n g  o n l y  a s i n g l e  i s o l a t e d  d e v i c e ,  bu t  r e q u i r e s  
w e a p o n s  d e v e l o p m e n t  a g e n c i e s  e n c o m p a s s i n g  a v e r y  b r o a d  s p e c t r u m  of  
s k i l l s .  

C o n s i d e r  the  p r o c e s s  of d e v e l o p m e n t  of  a t y p i c a l  w e a p o n  s y s t e m .  
H e r e  I w i l l  t h i n k  in  t e r m s  of  g u i d e d  m i s s i l e s ,  b e c a u s e  of  m y  a s s o c i a t i o n  
w i t h  t he  g u i d e d  m i s s i l e  b u s i n e s s .  S u p p o s i n g ,  f o r  e x a m p l e ,  t ha t  t he  
i n i t i a t i v e  f o r  t he  d e v e l o p m e n t  i s  t h a t  a v e r y  l i gh t  but  v e r y  e n e r g e t i c  
w a r h e a d  p r i n c i p l e  ha s  b e e n  d i s c o v e r e d .  T h i s  i m p l i e s  t h a t  s i n c e  t he  
w a r h e a d  w e i g h t  c o u l d  be  v e r y  s m a l l ,  a l i g h t w e i g h t ,  h i g h l y  m o b i l e  m i s s i l e  
i s  a p o s s i b i l i t y .  T h e  m i l i t a r y  a p p l i c a t i o n s  of s u c h  a d e v i c e  c o u l d  be  
qu i t e  f a r  r e a c h i n g .  And  s u p p o s e  we c o n s i d e r  o n l y  the  p r o b l e m  of  
l o g i s t i c s  to f i t  t he  i d e a  of  a s u r f a c e - t o - s u r f a c e  w e a p o n  fo r  the  m o b i l e  
e l e m e n t s  of  t he  A r m y .  

Now, how d o e s  a w e a p o n  s y s t e m  get  d e s i g n e d  if  one  s t a r t s  ou t  w i th  
t h i s  b a s i c  ne w  i d e a ?  T h e  f i r s t  t h ing ,  of  c o u r s e ,  i s  t ha t  t h e r e  s h o u l d  be  
s y s t e m  s t u d y .  T h i s  would  m e a n  tha t  w a r h e a d  d e s i g n e r s ,  m i s s i l e  d e s i g n e r s ,  
o p e r a t i o n s  r e s e a r c h  a n a l y s t s ,  and  m i l i t a r y  s c i e n t i s t s  m u s t  a g r e e  on 
p r i m i t i v e  o b j e c t i v e s  of the  p r o g r a m .  
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In a r r i v i n g  at  t h e s e  o b j e c t i v e s ,  s o m e  u n d e r s t a n d i n g  m u s t  be  r e a c h e d  
of the r e a l  u n s o l v e d  p r o b l e m s  of the  s y s t e m ,  and a b a l a n c e  m u s t  be  
e f f e c t e d  b e t w e e n  the  e s t i m a t e d  t i m e  r e q u i r e d  to r e a c h  the  s o l u t i o n  of 
t h e s e  p r o b l e m s  and  a u s e f u l  d e v e l o p m e n t  s c h e d u l e  fo r  the  s y s t e m .  In 
o t h e r  w o r d s ,  the  o r i g i n a l  d e s i g n  m u s t  not  t ake  off too f a r  in to  the  wi ld  
b lue  y o n d e r  wi th  n e w  p h y s i c a l  p r i n c i p l e s  and u n s o l v e d  d e s i g n  p r o b l e m s j  
b e c a u s e ,  if  so,  the  t i m e  r e q u i r e d  to c o m e  up wi th  t h e s e  a n s w e r s  m a y  be  
so g r e a t  tha t  the  d e v e l o p m e n t  s c h e d u l e  fo r  the who le  s y s t e m  is  too 
long.  C l e a r l y ,  a s y s t e m  shou ld  not be  u n d e r t a k e n  tha t  r e q u i r e s  too 
m a n y  t e c h n o l o g i c a l  b r e a k t h r o u g h s .  I th ink,  u n f o r t u n a t e l y ,  we c a n  s e e  
s o m e  s a d  e x a m p l e s  w h e r e  th i s  p r i n c i p l e  has  not  b e e n  c a r r i e d  out .  

Hav ing  a r r i v e d ,  then ,  at  s o m e  t e n t a t i v e  o b j e c t i v e s ,  of c o u r s e  the  
next  s t ep  is  a r e s e a r c h  p r o g r a m .  In the r e s e a r c h  p r o g r a m ,  then ,  one  
r e a l i z e s  the  t e c h n i c a l  e l e m e n t s  of the  d e v i c e .  D e m o n s t r a t i o n  of f e a s i -  
b i l i t y  p r e s u m a b l y  s h o w s  that  the  u n d e r l y i n g  p r i n c i p l e s  a r e  sound .  At 
t h i s  s t a g e  of the  p r o g r a m  i t ' s  e s s e n t i a l  that  the  r e s e a r c h  e n g i n e e r s  be 
a w a r e  of  a l l  a s p e c t s  of the  s y s t e m .  F o r  e x a m p l e ,  if we a r e  t h i n k i n g  about  
t h i s  l i g h t w e i g h t ,  e n e r g e t i c  w a r h e a d  s y s t e m ,  one  cou ld  fa l l  in to  the  t r a p  
tha t  a m i s s i l e  d e s i g n e r  and a w a r h e a d  d e s i g n e r  m i g h t  c o m e  up wi th  c o n -  
f l i c t i n g  r e q u i r e m e n t s .  F o r  e x a m p l e ,  a m i s s i l e  d e s i g n e r  m i g h t  d e c i d e  
tha t  the  s i m p l e s t  way  to keep  the weigh t  and c o m p l e x i t y  of  t h i s  m i s s i l e  
down wi l l  be  to s i m p l i f y  g u i d a n c e  a s  m u c h  as  p o s s i b l e .  

You m i g h t  s a y  t hen  tha t  what  t h e y  wi l l  do is  to sp in  the  m i s s i l e  and 
in th i s  way  g ive  it a d i r e c t i o n a l  s t a b i l i t y  wh ich  wi l l  be  a d e q u a t e  fo r  the  
p r o b l e m .  But ,  of c o u r s e ,  the  s i t u a t i o n  cou ld  a r i s e  w h e r e  the  m i s s i l e  
sp in  m i g h t  be so fas t  tha t  s o m e  e l e m e n t s  of the  w a r h e a d  cou ld  not  t ake  
the  c e n t r i f u g a l  f o r c e .  Or,  aga in ,  the  m i s s i l e  sp in  m i g h t  r e q u i r e  a 
l a u n c h i n g  m e c h a n i s m  of s o m e  s o r t  wh ich  m i g h t  be  so h e a v y  as  to 
i n v a l i d a t e  the  m o b i l i t y  o b t a i n e d  o r  d e s i r e d  fo r  the s y s t e m .  And t h e r e -  
f o r e  in the  e a r l y  r e s e a r c h  p h a s e s  of the  p r o g r a m  it i s  e s s e n t i a l  tha t  
the  v a r i o u s  e l e m e n t s  of the  s y s t e m  be b r o u g h t  t o g e t h e r  and  kept  t o g e t h e r  
i n s t e a d  of  a l l o w i n g  e a c h  g r o u p  to go off on  i t s  own.  

L i k e w i s e  in the  r e s e a r c h  p h a s e s  of the p r o g r a m  one m u s t  be  c a r e f u l  
to s e e  tha t  the  f u n d a m e n t a l  n e w  p r o b l e m s  a r e  in  fac t  so lved ;  tha t  a 

$ 

m i s s i l e  s y s t e m  does  not  a d v a n c e  b e y o n d  th i s  s t a g e  wi th  s o m e  b a s i c  un-  
s o l v e d  t e c h n o l o g i c a l  b r e a k t h r o u g h  s t i l l  r e q u i r e d .  

Suppose  tha t  the r e s e a r c h  p r o g r a m  has  d e m o n s t r a t e d  the  f e a s i b i l i t y  
of the  p r i n c i p l e .  One would  then  go into  s o m e  s o r t  of d e v e l o p m e n t  p r o g r a m  
w h e r e  the  w e a p o n  would  a d v a n c e  f r o m  a f e a s i b i l i t y  d e m o n s t r a t i o n  up to a 
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p r o d u c i b l e  weapon.  H e r e  one would p robab ly  f ind that  the  r e s e a r c h  
p r o g r a m  has  not t aken  p r o p e r  accoun t  of a l l  of the  c o n s t r a i n t s  i m p o s e d  
by t h e  s y s t e m  c o n s i d e r a t i o n .  T h e r e  wil l  be an o p p o r t u n i t y  to m a k e  
c o r r e c t i o n s ,  but it i s  b e c o m i n g  i n c r e a s i n g l y  d i f f icu l t  to do so.  

L e t ' s  suppose  that  th i s  p r o b l e m  of m i s s i l e  sp in  v e r s u s ,  say,  w a r h e a d ,  
r e q u i r e m e n t s  has  go t t en  t h rough  a r e s e a r c h  phase ,  and the  w a r h e a d  and 
the  m i s s i l e  a r e  not b rough t  t o g e t h e r  unti l  s o m e  la te  s t a g e  of the  d e v e l -  
o p m e n t  p r o g r a m .  The  p r o b l e m  t u r n e d  up then  could  i n v a l i d a t e  the  
whole  p r o g r a m .  So it  i s  c l e a r  that  not  al l  of  the  p r o b l e m s  p r o d u c e d  by 
the  weapon  s y s t e m  r e q u i r e m e n t s  can  be so lved  in the  d e v e l o p m e n t  p r o g r a m .  
Obvious ly ,  c e r t a i n  r e l a t i v e l y  m i n o r  ones  can be so lved ;  but a l l  t he  m a j o r  
o n e s  m u s t  be  t aken  c a r e  of in  the  o r i g i n a l  r e s e a r c h  c o n t r a c t .  It i s  
obv ious ,  of c o u r s e ,  that  the  d e v e l o p m e n t  e n g i n e e r s  m u s t  be  a l e r t  to a l l  
of  the s y s t e m  r e q u i r e m e n t s ,  and that  p a r t i c u l a r  c o n s i d e r a t i o n s  of 
o p e r a b i l i t y ,  m a i n t e n a n c e ,  and t r a i n i n g  m u s t  be c o n t i n u a l l y  in the  f o r e -  
f ron t .  

C o m i n g  on t h r o u g h  d e v e l o p m e n t  to p roduc t ion ,  if  the  d e v e l o p m e n t  
p r o g r a m  has  b e e n  p r o p e r l y  conduc ted ,  I b e l i e v e  that  the  weapon  s h o u l d  
be r e a d y  for  p roduc t ion ,  c o m p l e t e l y  d o c u m e n t e d ,  p r o p e r l y  d e s i g n e d ,  c o n -  
s i s t e n t  wi th  a l l  the  r e q u i r e m e n t s  of the  weapon  s y s t e m ,  t r a i n i n g  p r o g r a m s  
r e a d y  to go, m a i n t e n a n c e  p r o g r a m s  e s t a b l i s h e d ,  m a n u a l s  w r i t t e n ,  and 
supp ly  c h a n n e l s  r e a d y  to be ac t i va t ed ;  so that  when  the f i r s t  p r o d u c t i o n  
d e v i c e s  c o m e  off the  l ine ,  a c o m p l e t e  weapon s y s t e m  is  in  be ing .  
E x p e r i e n c e  wi l l  i n e v i t a b l y  show the  n e c e s s i t y  of s o m e  c h a n g e s ,  but t h e s e  
wi l l  in fact  be m i n o r  and p r o b a b l y  of such  a n a t u r e  as  to be p o s s i b l e  to 
e f fec t  in the  f ie ld .  

Howeve r ,  in m a n y  of ou r  weapon  s y s t e m s  which  a r e  c u r r e n t l y  in 
d e v e l o p m e n t  we find that  p r o d u c t i o n  f r e q u e n t l y  s t a r t s  too e a r l y  by t h e s e  
c r i t e r i a ;  that  s o m e  p r o d u c t i o n  wil l  be  s t a r t e d  e v e n  though it i s  obv ious  
that  the  d e v e l o p m e n t  p r o g r a m  is  not  c o m p l e t e .  On p u r e l y  l o g i c a l  t e c h n i c a l  
g ro u n d s  th i s  i s  not  a good th ing  to do, b e c a u s e  it i s  obv ious ly  m o r e  d i f f icu l t  
to m a k e  the  m o d i f i c a t i o n s  and m o r e  cos t l y  to m a k e  the  m o d i f i c a t i o n s  once  
a p r o d u c t i o n  p r o g r a m  has  b e e n  e s t a b l i s h e d ,  w h e r e a s  in the  d e v e l o p m e n t  
p h a s e  it b e c o m e s  e a s y  and, of c o u r s e ,  in the  r e s e a r c h  p h a s e  e a s i e r  s t i l l .  
And so I c o m e  b a c k  to my  concep t  that  r i gh t  f r o m  the  v e r y  b e g i n n i n g  t h e r e  
m u s t  be  a c l e a r  concep t  of what the  weapon  s y s t e m  is  s u p p o s e d  to do, what  
a r e  the  r e a l  c o n s t r a i n t s  put on by that  r e q u i r e m e n t .  The  r e s e a r c h  peop le  
then  m u s t  be  a w a r e  of t h e s e  c o n s t r a i n t s  and m u s t  a c t i v e l y  d e s i g n  with t h e s e  
in mind .  



T h i s  s o r t  o f  a p p r o a c h  to a r e s e a r c h  p r o g r a m  to d e m o n s t r a t e  f e a s i -  
b i l i t y  a n d  g e t  a d e v e l o p m e n t  p r o g r a m  g o i n g  o r  i n  f a c t  to  m a k e  a p r o d u c i b l e  
d e v i c e  a n d  g e t  i t  i n  p r o d u c t i o n  w o u l d  p r o b a b l y  m a k e  t h e  d e v e l o p m e n t  
p h a s e  t h e  m o s t  i m p o r t a n t .  I t  d o e s  p l a c e  a l l  t h e  d e v e l o p m e n t  i n  t h a t  p l a c e  
w h e r e  t h e  r e a c t i o n  t i m e  f o r  c h a n g e s  c a n  b e  s h o r t  a n d  w h e r e  t h e  c o s t  o f  
changes is at a minimum. 

Now,  c o n s i d e r  t h e  p r o b l e m  o f  m a n a g e m e n t ,  w h i c h  i s  t h e  h e a r t  o f  
w h a t  we  w a n t  t o  t a l k  a b o u t .  On  t h e  o n e  h a n d  we c a n  s a y  t h a t  i n d u s t r y  i s  
no t  a c c u s t o m e d  to  c o n c e r n i n g  i t s e l f  w i t h  a l l  p h a s e s  o f  a n y  s y s t e m .  I 
w a n t  to  e m p h a s i z e  t h a t  w h e n  we a r e  t a l k i n g  a b o u t  w e a p o n  s y s t e m s  we  a r e  
no t  t a l k i n g  j u s t  a b o u t  a g u i d e d  m i s s i l e  o r  a b o m b  o r  w h a t - h a v e - y o u ,  b u t  
we  a r e  t a l k i n g  a b o u t  a l l  t h e  e l e m e n t s  t h a t  go i n t o  m a k i n g  t h a t  a u s e f u l  
w e a p o n  s y s t e m  in  t h e  f i e l d .  A n d  h e r e  I s a y  t h a t  i n d u s t r y  i s  n o t  a c c u s t o m e d  
to  d e a l i n g  w i t h  a l l  p h a s e s  o f  a n y  s y s t e m .  

I c o u l d  c i t e  p l e n t y  o f  e x a m p l e s .  J u s t  l o o k  at  t h e  p r o b l e m  of  m a i n t e -  
n a n c e .  T h i n k  a b o u t  c o n s u m e r  c a p i t a l  g o o d s ,  h o u s e h o l d  a p p l i c a n c e s ,  
o r  a u t o m o b i l e s .  It  i s  o b v i o u s  t h a t  i n d u s t r y  c a r e s  l i t t l e  a b o u t  m a i n t e n a n c e .  
T h e  m a n u f a c t u r e r  i s  m u c h  m o r e  i n t e r e s t e d  in  t h e  s h o r t - l i v e d  d e v i c e ,  s o  
t h a t  he  c a n  s e l l  a n e w  a n d  i m p r o v e d  m o d e l .  I d e a l l y ,  I s u p p o s e ,  t h e  
m a n u f a c t u r e r  w o u l d  p r e f e r  t h e  o n e - h o r s e - s h a y  t y p e  of  d e v i c e ,  w h i c h  
w o u l d  g i v e  no m a i n t e n a n c e  p r o b l e m s  a t  a l l  to  d i s t u r b  t h e  c o n s u m e r  u n t i l  
i t  s u d d e n l y  f e l l  a p a r t  to  s u c h  a n  e x t e n t  t h a t  i t  w a s  o b v i o u s  t h a t  a n e w  
m o d e l  w a s  c a l l e d  f o r .  L i k e w i s e ,  m a n u f a c t u r e r s  a r e  n o t  i n t e r e s t e d  in  t h e  
f a c i l i t i e s  r e q u i r e d  f o r  t h e i r  d e v i c e s .  D o e s  a n y  a u t o m o b i l e  m a n u f a c t u r e r  
c o n c e r n  h i m s e l f  w i t h  t h e  f a c t  t h a t  h i s  n e w  c a r  w i l l  n o t  f i t  t h e  a v e r a g e  
h o m e  g a r a g e ?  I d o n ' t  t h i n k  so .  I n d u s t r y ,  in  o t h e r  w o r d s ,  t h i n k s  i n  
t e r m s  o f  a s p e c i f i c  p r o d u c t  w h i c h  i t  b u i l d s  a n d  s e r v i c e s  f o r  a l i m i t e d  
l e n g t h  o f  t i m e .  

I n d u s t r y  i s  n o t  n o w  s u f f i c i e n t l y  d i v e r s i f i e d ,  I b e l i e v e ,  to  h a v e  t h e  
n e c e s s a r y  s k i l l s  to  b u i l d  s o m e  o f  t h e s e  m o r e  c o m p l e x  s y s t e m s  u n d e r  a 
s i n g l e  m a n a g e r .  I t  i s  t r u e  t h a t  s o m e  o f  o u r  l a r g e  i n d u s t r i e s  h a v e  a w i d e  
v a r i e t y  o f  o p e r a t i o n s  a n d  a l o o s e  m a n a g e m e n t  c o m p l e x ,  b u t  w h a t  we  
n e e d  i n s t e a d  i s  a f a i r l y  s m a l l  t i g h t  a n d  v e r s a t i l e  g r o u p  to  c a r r y  t h e  p r o g r a m  
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 h a s e s .  T h i s  s m a l l ,  t a l e n t e d ,  
d i v e r s i f i e d  g r o u p  d o e s  n o t  e x i s t  in  i n d u s t r y ,  b e c a u s e  i t  s e r v e s  no p u r p o s e  
in  t h e  c i v i l i a n  e c o n o m y .  

If we consider Government management, of course the picture is 
quite different. In principle the Government can collect the necessary  
talent in one of its laboratories and give the group the necessary  authority 
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to conduct the research and development phases of the program. 
This has not been done in fact very often. More frequently the Govern- 
ment agencies exert some varying degree of control over an industrial 
prime contractor. Regardless of the talent of the industrial prime 
contractor, this method is fraught with danger unless the contracting 
agency is itself completely and actively aware of all phases of the 
weapon system program. Even then it becomes exceedingly difficult 
to pin down the contractor in all areas of the problem. 

In  p a s s i n g  i t  m i g h t  be  w e l l  to  n o t e  t h a t  t h e  p r e s e n t  G o v e r n m e n t  
i n d u s t r y  r e l a t i o n s h i p s  p l a c e  l i t t l e  o r  no  p e n a l t y  o n  f a i l u r e  o r  p r e m i u m  
o n  s u c c e s s .  F a i l u r e  to  do  t h e  j ob  p r o p e r l y  t h e  f i r s t  t i m e  h a s  a t e n d e n c y  
to r e s u l t  in  a m o d i f i c a t i o n  c o n t r a c t  c o s t i n g  p o s s i b l y  a s  m u c h  m o n e y  a s  
t h e  o r i g i n a l  c o n t r a c t .  

W i t h  t h e s e  b r o a d  p o i n t s  I w o u l d  l i k e  to  l o o k  a t  s o m e  e x a m p l e s  o f  
h o w  we  a r e  m a n a g i n g  s p e c i f i c  g u i d e d  m i s s i l e  p r o g r a m s ;  a n d  I w o u l d  
l i k e  to  t a k e  t h e  f o l l o w i n g  p r o g r a m s :  S i d e w i n d e r ,  F a l c o n ,  N i k e ,  S e r g e a n t ,  
a n d  A t l a s .  I b e l i e v e  t h a t  t h i s  l i s t  i s  a f a i r l y  r e p r e s e n t a t i v e  g r o u p .  

First, Sidewinder. Sidewinder was developed at the Naval Ordnance 
Test Station at Inyokern. It is an eminently successful development, a 
simple, reliable, complete missile. It is in production now. 

Sidewinder apparently is an almost purely NOTS effort, at the 
Michelson Laboratory at China Lake. This is a Government laboratory, 
a Navy laboratory, which contains all the necessary talent to do a weapon 
system development. And here I mean the complete system development, 
not just the Sidewinder itself--but the integration of Sidewinder into the 
complete system and the problems of utilization of the rocket. 

The fact that this laboratory has close contact with the field problems, 
and the fact that the laboratory had indeed the weapon system contract, 
I feel are important points in the success of this particular device. 

The problem of transition from the laboratory to preproduction is, 
of course, a complex one. As I understand it, there were some problems 
at NOTS connected perhaps with introducing the potential producer a little 
too early during the development phase of the program, but fundamentally, 
the complete weapon system development was carried out at NOTS and the 
transition to industry has been successfully accomplished. The direction 
was from Washington, the Bureau of Ordnance; but apparently the NOTS 
development out there was allowed to proceed with not too much inter- 
ference from Washington. 
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Now, l ook ing  at the  F a l c o n ,  a n o t h e r  a i r - t o - a i r  r o c k e t ,  w h o s e  d e v e l o p -  
m e n t  was  i n i t i a l l y  u n d e r t a k e n  by G e n e r a l  E l e c t r i c  for  the A i r  F o r c e ,  GE 
was  o r i g i n a l l y  b r o u g h t  into tha t  p r o g r a m  to do s o m e  g u i d a n c e  w o r k .  At 
tha t  t i m e  the  F a l c o n  was  c o n c e i v e d  of as be ing  qui te  a d i f f e r e n t  a n i m a l  
t han  it ha s  t u r n e d  out  to be .  The  m o d i f i c a t i o n  to the  p r e s e n t  F a l c o n  
c o n c e p t  c a m e  about  l a r g e l y  as  a r e s u l t  of a s y s t e m  s tudy  c o n d u c t e d  at 
H u g h e s .  As a r e s u l t  of  th i s  s y s t e m  s tudy  and the d e v e l o p m e n t s  in the  
g u i d a n c e  f ie ld ,  H u g h e s  was  e v e n t u a l l y  g iven  r e s p o n s i b i l i t y  fo r  the c o m p l e t e  
F a l c o n  r o c k e t  and f i r e  c o n t r o l .  

G e n e r a l  E l e c t r i c  did not have  the t a l en t  to c o v e r  a l l  p h a s e s  of the 
r o c k e t .  So the  H u g h e s  A i r c r a f t  C o m p a n y  was  c a l l e d  in .  T h e y  w e r e  
p r i m a r i l y  an e l e c t r o n i c s  g r o u p  r a t h e r  than  an a i r c r a f t  g r o u p .  H o w e v e r ,  
t hey  did go about  c o l l e c t i n g  the n e c e s s a r y  a e r o n a u t i c a l  t a l e n t .  T h e y  
c a l l e d  in m y  own l a b o r a t o r y  fo r  a s s i s t a n c e  on the  F a l c o n  p r o b l e m .  S ince  
then  they  have  b e e n  d e v e l o p i n g  a l l  t h e i r  own t a l en t  in tha t  a r e a .  So tha t  
H u g h e s ,  in o t h e r  w o r d s ,  was  ab le  to t ake  c a r e  of the p r o d u c t i o n  of 
the  F a l c o n  r o c k e t  and the n e c e s s a r y  g u i d a n c e  and f i r e  c o n t r o l  s y s t e m s  
within their own organization quite effectively. 

The  nex t  p r o b l e m ,  of c o u r s e ,  was  to put the  F a l c o n  on a i r c r a f t .  
The  way tha t  th i s  is  b e i n g  h a n d l e d  is  that  Hughes  has  a p r i m e  c o n t r a c t  
f r o m  the A i r  F o r c e  on the F a l c o n .  Ac tua l l y ,  the  weapon  is  s h i p p e d  d i r e c t l y  
f r o m  H u g h e s  to the  v a r i o u s  a i r c r a f t  m a n u f a c t u r e r s  for  i n s t a l l a t i o n  in  t h e i r  
a i r c r a f t ,  and  Hughes  p a r t i c i p a t e s  wi th  the  m a n u f a c t u r e r s  in c o n d u c t i n g  
s y s t e m  a c c e p t a n c e  t e s t s  w h i c h  a r e  m o n i t o r e d  by the  A i r  F o r c e .  

The  m o s t  s u c c e s s f u l  i n t e g r a t i o n  was  in the  C o n v a i r  p lane ,  I t h ink .  
In th i s  c a s e  the H u g h e s  and C o n v a i r  m a n a g e m e n t  sa t  down and c a r e f u l l y  
w o r k e d  out an  a g r e e m e n t  as  to v a r i o u s  a r e a s  of s y s t e m  r e s p o n s i b i l i t y .  
T h e  H u g h e s - C o n v a i r  a r r a n g e m e n t  has  a p p a r e n t l y  w o r k e d  qu i te  w e l l .  
It is  b a s e d  on p r i m e  c o n t r a c t s  f r o m  the  A i r  F o r c e .  The  r o c k e t  was  wel l  
d e v e l o p e d ,  the a i r c r a f t  was  i n d e p e n d e n t l y  we l l  d e v e l o p e d ;  and the  two w e r e  
m a r r i e d  in tha t  c a s e  t h r o u g h  c l o s e  a g r e e m e n t  b e t w e e n  the  m a n a g e m e n t s  of 
the  two c o m p a n i e s .  

I u n d e r s t a n d  tha t  at p r e s e n t  the  A i r  F o r c e  has  l e t  a p r i m e  c o n t r a c t  
to N o r t h  A m e r i c a n  fo r  a n e w  l o n g - r a n g e  i n t e r c e p t o r  w e a p o n s  s y s t e m  in 
wh ich  H u g h e s  wi l l  be  a s u b c o n t r a c t o r  to N o r t h  A m e r i c a n  for  the  m i s s i l e  
s y s t e m  to be  c a r r i e d  in the a i r p l a n e .  C o n s i s t e n t  wi th  what  I was  c o n c e r n e d  
wi th  h e r e  e a r l i e r - - t h a t  the e n t i r e  weapon  s y s t e m  shou ld  be c l o s e l y  i n t e -  
g r a t e d - - t h i s  i n d i c a t e s  tha t  the  A i r  F o r c e  is  m o v i n g  in th i s  d i r e c t i o n .  
Tha t  is ,  N o r t h  A m e r i c a n  has  the c o n t r a c t  fo r  the  c o m p l e t e  w e a p o n  s y s t e m  
c o n s i s t i n g  of both  the  a i r c r a f t  and the  m i s s i l e  it  c a r r i e s ,  and it  is  N o r t h  

A m e r i c a n ' s  r e s p o n s i b i l i t y  to get  the m i s s i l e  and i n t e g r a t e  it into the  
w h o l e  s y s t e m .  
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This puts Hughes in a new light, of course, as a subcontractor to 
North American. It is too early yet to say how well this will work out. 
But it does indicate that a new problem may arise, in that to a certain 
extent Hughes and North American are competitors in some of the things 
they do. 

A third system, the Nike system, involves Bell and Douglas. The 
history of this system is that the Bell Telephone Laboratories were 
given a broad responsibility by Ordnance immediately after the war to 
study the antiaircraft problem and come up with some weapon systems 
to solve them. Then as the result of this, Bell was given a prime contract 
for the Nike. Douglas was then a subcontractor to Bell. 

The relationship between Douglas and Bell has apparently worked 
out without any serious problems. Bell delegated again a very clear- 
cut responsibility to Douglas. In this case the two companies have 
practically no points of conflict of interest. So this made it relatively 
easy for the two to work together. I point this out as a contrast to 
the North American-Hughes relationship, which is just beginning to be 
effective and which may have some awkward twists in it because of 
possible conflicts in interests. 

One comment I might make in connection with the Nike system and 
the manner in which Ordnance is handling the system is that Ordnance 
is apparently requiring a rather tight control of all internal change orders. 
It, of course, is not new in any of the services that tight control of pro- 
duction change orders must be effected through the military, although 
1 understand that it is Air Force policy now to loosen this control. 

A fourth system is the Sergeant, on which my laboratory, the Jet 
Propulsion Laboratory, and Sperry are working together in the develop- 
ment of this new system. Sergeant is not yet in production. 

The management of this system has many similarities in principle 
to that used in developing the Sidewinder, in that the Jet Propulsion 

Laboratory conducted some system studies and worked closely with 
CONARC and other agencies on the requirements for the system. A set 
of military characteristics was agreed upon, and the laboratory is now 

undertaking to develop the system in accordance with those characteristics. 

The problem here is that the Jet Propulsion Laboratory, is not in 
the production end and so a production contractor must be brought in. 
our case a production contractor was selected from almost the very 
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b e g i n n i n g  of the  p r o g r a m ,  n a m e l y ,  S p e r r y .  S p e r r y  was  b r o u g h t  in at 
the b e g i n n i n g  for  e d u c a t i o n  and e x p e r i e n c e  and for  r e n d e r i n g  a s s i s t a n c e  to 
the l a b o r a t o r y .  

F o r  e x a m p l e ,  the  l a b o r a t o r y  has  about  30 S p e r r y  e n g i n e e r s  who 
have  b e e n  w o r k i n g  wi th  us for  about  a y e a r .  As e a c h  e l e m e n t  of the  
s y s t e m  is b r o u g h t  to a s t a g e  for  ful l  s u b c o n t r a c t i n g  o r  full  p r o d u c t i o n ,  
th is  e l e m e n t  t hen  n o r m a l l y  goes  to S p e r r y  to do the b idd ing .  

We b e l i e v e  that  wi th  this  e d u c a t i o n a l  p r o g r a m  going  on, by the  t i m e  
the  weapon  is  r e a d y  for  p r o d u c t i o n ,  the  t r a n s i t i o n  f r o m  the d e v e l o p m e n t  
p h a s e  to the p r o d u c t i o n  p h a s e  wi l l  be v e r y  e a s y .  It is  the  e x p e c t a t i o n  of 
O r d n a n c e  tha t  the  l a b o r a t o r y  wi l l  m a i n t a i n  c o m p l e t e  sys te 'm r e s p o n s i b i l i t y  
up unt i l  the  t i m e  that  it is in fact  a p r o d u c i b l e  device~ And by " p r o d u c i b l e "  
h e r e  I m e a n  a c o m p l e t e l y  p r o d u c i b l e  s y s t e m ,  not jus t  a p r o d u c i b l e  m i s s i l e .  

Now, f ina l ly ,  t ake  the A t l a s .  Of c o u r s e ,  th is  has  b e e n  t a l k e d  about  
a g r e a t  dea l .  I th ink  the po in ts  I would l ike  to m a k e  a r e  t h e s e :  F i r s t  
of a l l ,  t h e r e  is  a wide  d i v e r s i t y  of p r i m e  c o n t r a c t s  b e t w e e n  the  A i r  F o r c e  
and v a r i o u s  c o n t r a c t o r s  for  v a r i o u s  e l e m e n t s  of the  A t l a s .  The  R a m o -  
W o o l d r i d g e  C o r p o r a t i o n  was b r o u g h t  in as  o v e r a l l  s y s t e m  m a n a g e r ,  wi th  
t e c h n i c a l  but  not f i n a n c i a l  c o n t r o l  of the  c o n t r a c t s .  Thus ,  R a m o - W o o l d r i d g e  
s y s t e m  c o n t r o l  and a u t h o r i t y  a r e  e x e r c i s e d  t h r o u g h  the  A i r  F o r c e .  

As c o m p a r e d  to t h e s e  o t h e r  s y s t e m s ,  I t h ink  p e r h a p s  the  l o o s e n e s s  
of the s y s t e m  m a n a g e m e n t  on At l a s  is p e r h a p s  the  m o s t  s i g n i f i c a n t  th ing .  
Al though  R a m o - W o o l d r i d g e  is  g iven  the s y s t e m  m a n a g e m e n t  r e s p o n s i b i l i t y ,  
the  d i r e c t  e x e r c i s e  of the a u t h o r i t y  has to go t h r o u g h  A i r  F o r c e  c h a n n e l s  
and  has  to go to an e x e c u t i v e  of the c o n t r a c t o r .  

So of the management approaches used in developing these five weapons, 
then, I have the following: I have Sidewinder and Sergeant, in which a 
Government laboratory, and a university laboratory operated for the 
Government, develop complete systems in all their phases and then turn 
them over to industry for production. I have Nike, in which an industrial 
contractor, Bell, is seleeted as a prime system contractor, and then 
Bell turns to industry for the necessary support to supplement its own 
talent. I have Falcon, where a missile was developed and then integrated 
into a weapon system by essentially marrying it to the system makeup. 
Then I have Atlas, where I have a system manager, an industrial concern, 
called in to manage for the Air Force. This is an exceedingly complex 
approach, since the system itself consists of a variety of contracts with 
the Air Force. 
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T h e s e  r e p r e s e n t  v a r i o u s  a p p r o a c h e s  to the  m a n a g e m e n t  of m i s s i l e  
p r o j e c t s .  But I do f ee l  that  t h e r e  is not enough  a p p r e c i a t i o n  ye t  in  the  
m i l i t a r y ,  in the  G o v e r n m e n t ,  and in i n d u s t r y  of the  c o m p l e x i t y  of  the  
m o d e r n  weapon  s y s t e m  and of the n e c e s s i t y  for  t ight  c o n t r o l  of a m o d e r n  
weapon  s y s t e m .  By th i s  I m e a n  tha t  c l o s e  s y s t e m  c o n t r o l  i s  r e q u i r e d  
in a v e r y  d e f i n i t i v e  h a r d w a r e  s e n s e ,  not jus t  t h i s  s o r t  of  a l o o s e  m a n a g e -  
m e n t .  If  you a r e  not c a r e f u l ,  y o u r  s y s t e m  ge t s  to c o n s i s t  of a c o l l e c t i o n  
of g a d g e t s .  What  you  want  is  s o m e t h i n g  which  wi l l  w o r k  t o g e t h e r  as  a 
r e a l  s y s t e m .  Th i s  m e a n s  tha t  t h e r e  m u s t  be  s y s t e m  m a n a g e m e n t  w h i c h  
is  a c t i v e l y  c o n c e r n e d  with  the s y s t e m  h a r d w a r e  and t hen  i n s u r e s  tha t  
the who le  s y s t e m  does  in fac t  w o r k  t o g e t h e r  and i s n ' t  jus t  a c o l l e c t i o n  
of g a d g e t s .  

Th i s  s o r t  of th ing,  i n c i d e n t a l l y ,  shows  up in a l l  k inds  of p l a c e s .  It 
d o e s n ' t  n e c e s s a r i l y  have  to go to a v e r y  c o m p l i c a t e d  s y s t e m  and it 
d o e s n ' t  n e c e s s a r i l y  have  to go o u t s i d e  of a s i n g l e  i n d u s t r i a l  o p e r a t i o n .  
T a k e ,  fo r  e x a m p l e ,  s u c h  a s i m p l e  th ing  as  d e v e l o p i n g  p r o p e r  t e s t  equ ip -  
m e n t  for  any  p a r t  of a w e a p o n  s y s t e m .  One way to do it is  in e f fec t  to go 
out  and get  a c o l l e c t i o n  of c o m m e r c i a l  t e s t  e q u i p m e n t  o r  m i l i t a r y  t e s t  
e q u i p m e n t ,  s h o v e  it a l l  in a b ig  box, and say  " T h a t ' s  i t .  " And th i s  wi l l  
do the job a f t e r  a f a sh ion .  But  the  r i gh t  way to s o l v e  tha t  p r o b l e m  is  to 
c o n s i d e r  what  you  a r e  t r y i n g  to do, what  you a r e  t r y i n g  to a c c o m p l i s h  
with th i s  t e s t  e q u i p m e n t ,  w h o ' s  go ing  to o p e r a t e  it, what  h is  t r a i n i n g  is  
go ing  to be,  u n d e r  what  cond i t i ons  it is  going  to be  o p e r a t e d ;  and t h e n  
c o m e  up with a se t  of t e s t  e q u i p m e n t  d e s i g n e d  for  that  s p e c i f i c  p u r p o s e .  

I t h ink  tha t  it  i s  a l so  n e c e s s a r y  to r e a l i z e  the s h o r t c o m i n g s  of  
i n d u s t r y  as  now e x i s t i n g  in d e v e l o p i n g  t h e s e  c o m p l e x  weapons  s y s t e m s .  
I wi l l  point  out  a g a i n  tha t  th i s  is  s o m e t h i n g  in e f fec t  wh ich  has  c o m e  about  
s i n c e  the  w a r .  B e f o r e  the wa r ,  of c o u r s e ,  t h e r e  w e r e  s o m e  f a i r l y  c o m p l e x  
w e a p o n s  p r o b l e m s ,  m o s t l y  nava l  p r o b l e m s .  The  Navy,  and in fac t  o t h e r  
b r a n c h e s  of the  m i l i t a r y ,  w e r e  u sed  to the  i d e a  of going out and  d e v e l o p i n g  
t h e i r  g a d g e t s ,  b e c a u s e  t h e r e  was no conf l i c t  wi th  p r i v a t e  i n d u s t r y .  T h e r e  
was  no p r i v a t e  i n d u s t r y  se t  up to do p r e c i s e l y  t h e i r  job.  

The  th ing  tha t  happened ,  I th ink,  d u r i n g  the w a r  was  tha t ,  as  we r a n  
into t h e s e  new d e v i c e s  i nvo lv ing  new p h y s i c a l  p r i n c i p l e s ,  the w a r t i m e  
r e q u i r e m e n t s  peop l e  went  out a l l  t h r o u g h  i n d u s t r y  and  sa id ,  " Y o u ' r e  
ab le  to m a k e  th i s ,  tha t ,  o r  the  o t h e r  th ing,  " wh ich  was  m o r e  o r  l e s s  a l o n g  
the  l i n e s  of what  t hey  did in the  c i v i l i a n  e c o n o m y .  And so weapons  w e r e  
put t o g e t h e r .  But what  I am d r i v i n g  at  i s  tha t  the  r e a l l y  use fu l  w e a p o n  
s y s t e m  is  an  a n i m a l  wh ich  d o e s n ' t  ex i s t  and d o e s n ' t  have  a p a r a l l e l  in  the 
c i v i l i a n  e c o n o m y .  So h e r e  aga in  we wi l l  s a y  that  we n e e d  to r e a l i z e  th i s  
point  and not  jus t  a s s u m e  that  we can  get a w e a p o n  s y s t e m  by u s i n g  the  
e l e m e n t s  of c i v i l i a n  e c o n o m y  as  t h e y  n o r m a l l y  ex i s t .  
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I have  not s a i d  any th ing  about  the  b a s i c  p r o b l e m  of how you  would  
get  d e c i s i o n s  m a d e  on weapon  s y s t e m s  p r o g r a m s ,  how you  would  do the 
o r i g i n a l  p l a n n i n g  for  weapons  s y s t e m s ,  b e c a u s e  I t h ink  th i s  i s  a n o t h e r  
s u b j e c t .  I m e r e l y  point  out tha t  one  can  s e e  s o m e  r a t h e r  h o r r e n d o u s  
e x a m p l e s  in the l a s t  10 y e a r s  of the r e s u l t s  of f a i l u r e s  to m a k e  t i m e l y  
d e c i s i o n s .  I th ink,  p e r h a p s ,  one  of  the  m o s t  s p e c t a c u l a r  as  f a r  as  I am 
c o n c e r n e d  is  the  Navaho  m i s s i l e ,  on which  s o m e  $700 m i l l i o n  w e r e  spen t  
b e f o r e  it  was  c a n c e l l e d .  It s e e m s  to m e  that  it  shou ld  not have  b e e n  
n e c e s s a r y  to spend  $700 m i l l i o n  b e f o r e  m a k i n g  th i s  d e c i s i o n .  

I a l so  f ee l  tha t  in  o r d e r  to i m p r e s s  on i n d u s t r y  the  whole  p r o b l e m  
which  we f ace ,  th i s  who le  q u e s t i o n  of r e w a r d s  and p e n a l i t i e s  fo r  i n d u s t r y  
e m p l o y e d  on G o v e r n m e n t  w o r k  wi l l  s o m e h o w  have  to be i m p r o v e d  so tha t  
c o m p e t e n t  and e f f i c i en t  c o n t r a c t o r s  wi l l  have  m o r e  i n c e n t i v e  to t ake  
G o v e r n m e n t  w o r k  than  they  have  now.  

In c o n c l u s i o n  I wi l l  jus t  c o m m e n t  aga in  tha t  I f e e l  i t  i s  m o s t  i m p o r t a n t  
in the c o n c e p t  of a weapon  s y s t e m ,  in a l l  p h a s e s  f r o m  r e s e a r c h  and 
d e v e l o p m e n t  down to l o g i s t i c  supp ly  and m a i n t e n a n c e ,  tha t  the  c o m p l e t e  
s y s t e m  c o n c e p t  be  i n t r o d u c e d  v e r y  e a r l y  in the  d e v e l o p m e n t  of  any  w e a p o n  
s y s t e m .  By b e i n g  i n t r o d u c e d  e a r l y  I m e a n  that  the  r e s e a r c h  peop l e  have  
to be a w a r e  of t h i s  p r o b l e m  and tha t  in o r d e r  to be s u c c e s s f u l  it i s  e s s e n t i a l  
tha t  a t ight  c o n t r o l  of a l l  p h a s e s  of the  weapon  s y s t e m  be e x e r c i s e d .  And 
by " t ight  c o n t r o l "  h e r e  I m e a n  a c o n t r o l  which  s a y s  that  the  h a r d w a r e  
r e s p o n s i b i l i t y  and the  a u t h o r i t y  to m a k e  t e c h n i c a l  d e c i s i o n s  a r e  i n t e g r a t e d  
in to  one g r o u p .  

T h a n k  you .  

C A P T A I N  WRIGHT: Dr .  P i c k e t i n g  is  r e a d y  fo r  y o u r  q u e s t i o n s .  

QUESTION:  D o c t o r  P i c k e r i n g ,  m y  q u e s t i o n  is  in r e g a r d  to the  t igh t  
c o n t r o l  c o n c e p t  r e l a t i v e  to the  r e s e a r c h  e f f i c i e n c y  of weapon  s y s t e m s .  
In 1954, W. A. N e w m a n ,  r e p r e s e n t i n g  NSIA, s t a t e d  tha t  of the  t o t a l  
e x p e n d i t u r e s  of d e f e n s e  in e l e c t r o n i c s ,  20 p e r c e n t  went  fo r  r e s e a r c h  and  
d e v e l o p m e n t  and  80 p e r c e n t  fo r  p r o c u r e m e n t .  He e s t i m a t e d  tha t  in f i s c a l  
1958, 50 p e r c e n t  wi l l  be  e x p e n d e d  for  r e s e a r c h  and d e v e l o p m e n t  and 50 
p e r c e n t  for  p r o c u r e m e n t .  A c o m p l e m e n t a r y  a r t i c l e  r e v e a l e d  tha t  the  
s c i e n t i s t s  and t e c h n i c i a n s  w o r k i n g  on G o v e r n m e n t  c o n t r a c t s  w e r e  s p e n d i n g  
ha l f  of t h e i r  t i m e  r e l e a r n i n g  tha t  wh ich  had a l r e a d y  b e e n  l e a r n e d ,  and  tha t  
it  was  c o s t i n g  the G o v e r n m e n t  m o r e  than  a b i l l i on  d o l l a r s  a y e a r .  My 
q u e s t i o n  i s ,  What ,  if any th ing ,  i s  m a n a g e m e n t  doing to c o r r e c t  tha t  
s i t u a t i o n  7 
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DR. PICKERING: I'm not quite sure how to answer that. I will 
say this: I am surprised at this figure that says that research is 
costing as much as production in the electronics field. 

I think that one trap which may be present here is the problem 
of trying to keep everything right up to or a little ahead of the state of 
the art. One can see a great many cases where a system has been 
started on some concept of some technological breakthroughs that are 
necessary. Then, after the system has been worked on for a year or so, 

somebody comes in and says: "Look, why don't you do this? Why don't 
you do that?" and you've got to upgrade it. You continually try to 
keep it right up to the latest state of the art. The result is you never 
get the system. 

The r e s u l t  is  a l so  tha t  you do spend  an awful  lot  of t i m e  and e x p e n s e  
in, s h a l l  I say ,  r a t h e r  u n n e c e s s a r y  r e s e a r c h  and d e v e l o p m e n t .  In o t h e r  
w o r d s ,  the  e x p e n d i t u r e  for  b a s i c  r e s e a r c h ,  the r e a l l y  b a s i c  w o r k  in 
d e v e l o p i n g  new knowledge ,  I am s u r e  is v e r y  m u c h  s m a l l e r  than  you  a r e  
t a l k i n g  about .  Mos t  of y o u r  e x p e n d i t u r e s  a r e  in the  d e v e l o p m e n t  p h a s e s .  
I t h i n k  tha t  t h e y  a r e  a s s o c i a t e d  with th i s  p r o b l e m  of t r y i n g  in too m a n y  
c a s e s  to t ake  a d v a n t a g e  of the v e r y  l a t e s t  s t a t e  of the a r t  i n s t e a d  of be ing  
c o n t e n t  wi th  s o m e t h i n g  a l i t t l e  bi t  l e s s  than  the  l a t e s t ,  but s o m e t h i n g  
w h i c h  wi l l  be  m o s t  l i k e l y  to w o r k .  

I do think that another thing that is going to happen in this problem 
of learning and relearning, particularly in the electronics field, will 
be a tendency to go more and more to this module concept, which is begin- 
ning to be appreciated more and more, and some of the implications of 
it. By this we mean that the number of components which anyone connected 
with maintenance has to deal with goes down from a very large number, 
hundreds or thousands in a modern radar system, for instance, to a few 
modules. How many there will be I am not prepared to say, but a rel- 
atively few modules. The operator has test equipment which tells him 
that this module is or is not good. If it is not good, he throws it out the 
window and puts in another one. 

When one adopts  t h i s  kind of s y s t e m ,  one of the  b y p r o d u c t s  of it  
is  tha t  the  t r a i n i n g  of p e o p l e  to use  tha t  e q u i p m e n t  is  a y e a r ' s  t r a i n i n g  
o r  l e s s ,  u s u a l l y  m u c h  l e s s .  T h e r e f o r e  one d o e s n ' t  have  to s p e n d  t i m e  
t r y i n g  to get  a l l  s o r t s  of p e o p l e  out at the  f i r i n g  point  to r e p a i r  th i s  
e q u i p m e n t .  I t h ink  th i s  t r e n d  is  i n c r e a s i n g ,  p a r t i c u l a r l y  in the  e l e c -  
t r o n i c s  i n d u s t r y ,  not  on ly  in the  m i l i t a r y  end of th i s ,  but  a l s o  in the  
c i v i l i a n  end .  
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QUESTION: I wonder if you would elaborate on what you mean by 

looseness in the Atlas program and how that has affected the development 
of the Atlas ? 

DR. P I C K E R I N G :  I th ink  the  p r o b l e m  h e r e  is  tha t  the  At l a s  p r o g r a m  
c o n s i s t s  of a n u m b e r  of p r i m e  c o n t r a c t s - - I  don ' t  know ju s t  how m a n y  t h e r e  
a r e - - a n d  that  wh i l e  R a m o - W o o l d r i d g e ,  t h e o r e t i c a l l y  as  s y s t e m  m a n a g e r ,  
c o m p l e t e l y  u n d e r s t a n d s  and d i r e c t s  the  s y s t e m ,  m y  c o n c e r n  is  t ha t  
R a m o - W o o l d r i d g e  f inds  f i r s t  of a l l ,  tha t  t h e i r  n e a r  i s o l a t i o n  f r o m  the  
e s s e n t i a l  h a r d w a r e  is such  as  to m a k e  it d i f f i cu l t  for  t hem to r e a l l y  
e f f e c t i v e l y  d i r e c t  the o p e r a t i o n .  

Wel l ,  you m a y  s a y  that  R a m o - W o o l d r i d g e  c a n g o  into the  c o n t r a c t o r s '  
p l an t s  to s e e  what  t hey  a r e  doing,  and so f o r t h .  Y e s ,  t h a t ' s  t r u e ;  but  
t h e y  don ' t  have  r e s p o n s i b i l i t y  in the s a m e  s e n s e  tha t  the  c o n t r a c t o r  h a s .  
And when  R a m o - W o o l d r i d g e  wan t s  c h a n g e s  m a d e ,  t hey  have  a r a t h e r  
d e v i o u s  r o u t e  to fo l low to get  t h e s e  c h a n g e s  m a d e  t h r o u g h  Ai r  F o r c e  
c h a n n e l s .  

F u r t h e r m o r e ,  t h e r e  is  th i s  q u e s t i o n  of who in the  l a s t  a n a l y s i s  i s  
r e s p o n s i b l e  fo r  the  h a r d w a r e  of the c o m p l e t e  s y s t e m .  I don ' t  know who 
it i s .  M a y b e  i t ' s  the  A i r  F o r c e  in s o m e  r e s p e c t s .  I don ' t  t h i n k  i t ' s  
R a m o - W o o l d r i d g e .  I don ' t  t h ink  i t ' s  any  of the c o n t r a c t o r s .  I f e e l  tha t  
t h i s  i n d i c a t e s  a r a t h e r  l o o s e  m a n a g e m e n t  of th i s  s y s t e m  in t e r m s  of a l l  
the  t h ings  tha t  I ' v e  b e e n  t a l k i n g  of. I would  l ike  to s e e  it  w h e r e ,  i f  you 
want  to, R a m o - W o o l d r i d g e  has  the p r i m e  contra .c t  fo r  the who le  s y s t e m  
and s u b c o n t r a c t s  what  it wan t s  to .  Th i s  I f ee l  m i g h t  w o r k  out b e t t e r .  

F i r s t  of a l l ,  I don ' t  want  to d i s p a r a g e  what  R a m o - W o o l d r i d g e  has  
done  in the s y s t e m  o r  the  c o m p e t e n c e  of the  R a m o - W o o l d r i d g e  p e o p l e .  
But  I do f ee l  t h i s :  The  R a m o - W o o l d r i d g e  peop le  w e r e  c o l l e c t e d  t o g e t h e r  
e s s e n t i a l l y  fo r  t h i s  job; t hey  w e r e  c o l l e c t e d  f r o m  v a r i o u s  m i s c e l l a n e o u s  
c o m p a n i e s  and g r o u p s ;  t h e y  c a m e  into R a m o - W o o l d r i d g e  wi th  a s u m  to ta l  
of t a l e n t  w h i c h  is  v e r y  i m p r e s s i v e .  But  s i n c e  t h e y  have  b e e n  wi th  R a m o -  
W o o l d r i d g e ,  I f ee l  tha t  the  fac t  tha t  none  of t h o s e  peop le  have  had  d i r e c t  
r e s p o n s i b i l i t y  for  h a r d w a r e  m e a n s  tha t  a f t e r  t hey  have  b e e n  wi th  R - W  
fo r  a y e a r  o r  two, t h e y  a r e  go ing  to b e g i n  to l o s e  t o u c h  wi th  the  r e a l  
d e v e l o p m e n t s  tha t  a r e  go ing  on.  And I th ink  that  th i s  i s  a b a s i c  w e a k n e s s  
of tha t  s y s t e m ;  tha t  the  s p e c i f i c  h a r d w a r e  r e s p o n s i b i l i t y  and the  s p e c i f i c  
c l o s e  a s s o c i a t i o n  with  h a r d w a r e  p r o b l e m s  w h i c h  a r e  r e q u i r e d  by the  
s y s t e m  m a n a g e r  a r e  l a c k i n g .  

I f e e l  tha t  t h e i r  t e c h n i c a l  t a l e n t  c o l l e c t i v e l y  is  v e r y  i m p r e s s i v e .  
T h e r e  is  no doubt  of t h e i r  c o m p e t e n c e .  But I am c o n c e r n e d  wi th  what 

15 



k . :  ' ~ - 

h a p p e n s  a s  t i m e  g o e s  o n .  E i t h e r  y o u  k e e p  g e t t i n g  n e w  t e c h n i c a l  t a l e n t  
i n t o  t h a t  g r o u p  o r  e l s e  g r a d u a l l y  y o u  l o s e  t o u c h  w i t h  t h e  r e a l  t e c h n i c a l  
p r o b l e m s .  

Q U E S T I O N :  I w o u l d  l i k e  y o u  to  e x p a n d  a l i t t l e  o n  h o w  we g e t  s t a r t e d  
o n  a m i s s i l e  s y s t e m .  Do y o u  a l w a y s  s t a r t  w i t h  a d e v i c e ,  o r  i s  t h e r e  a n y  
u n p r e j u d i c e d  b o d y  t h a t  l o o k s  a t  t h e  s p e c i f i c a t i o n s  to  s e e  i f  t h e y  d e s c r i b e  
a m i s s i l e  t h a t  w i l l  do  w h a t  i t  i s  s u p p o s e d  to do ? 

DR. PICKERING: T h a t ' s  an  i n t e r e s t i n g  q u e s t i o n .  I d o n ' t  t h i n k  t h a t  
we  h a v e  r e a l l y  s o l v e d  t h a t  p r o b l e m .  I t h i n k  o n e  of  o u r  p r o b l e m s  i s  t h a t  
w e  d o n ' t  u n d e r s t a n d  t oo  w e l l  h o w  s p e c i f i c a t i o n s  f o r  a m i s s i l e  s y s t e m  
s h o u l d  b e  w r i t t e n .  

I w i l l  c o m e  b a c k  to o u r  w a r t i m e  e x p e r i e n c e  a n d  s a y  a g a i n  t h a t  i n  
t h e  w a r  we  t u r n e d  a b u n c h  of  g r o u p s  l o o s e  o n  v a r i o u s  t h i n g s  a n d  c a m e  
up w i t h  a l l  s o r t s  o f  r e a l  g a d g e t s .  S o m e  o f  t h e s e  w e r e  t h r u s t  o n  t h e  
m i l i t a r y  w h e t h e r  t h e y  w a n t e d  t h e m  o r  n o t .  A g o o d  m a n y  o f  t h e m  w e r e  
q u i t e  s u c c e s s f u l .  

I d o n ' t  t h i n k  t h i s  m e a n s  t h a t  a l l  o f  y o u r  n e w  w e a p o n e e r i n g  s h o u l d  
be  d o n e  by ,  s h a l l  I s a y ,  i n d e p e n d e n t  c i v i l i a n  g r o u p s ,  w h e t h e r  t h e y  a r e  
u n i v e r s i t y  p h y s i c i s t s  o r  who  t h e y  a r e .  I t h i n k  t h a t  t h e  f e e d b a c k  f r o m  
t h e  m i l i t a r y  i s  a v e r y  i m p o r t a n t  p a r t  o f  t h e  m i l i t a r y  d e v e l o p m e n t  o f  
w e a p o n  s c i e n c e .  I t h i n k  t h a t  w h a t  i s  r e q u i r e d  h e r e  i s  s o m e  w a y  i n  w h i c h  
t h e  s c i e n t i s t  a n d  t h e  m i l i t a r y  m a n  c a n  b e  i n t e g r a t e d  to  w o r k  t o g e t h e r .  

I s a i d  e a r i l e r  t h a t  in  s y s t e m s  p l a n n i n g  I w o u l d  l i k e  to  s e e  t h e  
m i s s i l e  s c i e n t i s t  a n d  t h e  o p e r a t i o n s  a n a l y s i s  p e o p l e  a n d  t h e  m i l i t a r y  
p e o p l e  a l l  s i t t i n g  d o w n  t o g e t h e r  a n d  t r y i n g  to p l a n  t h e  s y s t e m  o u t  b e f o r e  
a n y  r e a l  w o r k  i s  s t a r t e d  o n  i t .  I d o n ' t  s e e  t h i s  b e i n g  d o n e  v e r y  o f t e n .  
In  f a c t ,  I d o n ' t  s e e  t h i s  b e i n g  d o n e  a t  a l l .  B u t  I f e e l  t h a t  t h i s  i s  w h a t  
w e  r e a l l y  n e e d .  H o w  y o u  a c c o m p l i s h  t h i s  I h a v e  no  r e a d y  a n s w e r .  

Q U E S T I O N :  I w i s h  y o u  w o u l d  c o m m e n t  u p o n  t h e  r e l a t i v e  e f f i c i e n c y ,  
a s  y o u  s e e  i t ,  b e t w e e n  t h e  A r m y ' s  R e d s t o n e  A r s e n a l  t y p e  o f  m a n a g e m e n t ,  
w h e r e  t h e  b a s i c  p r o d u c t i o n  a n a l y s i s  i s  a l l  d o n e  b y  G o v e r n m e n t  a c t i v i t i e s ,  
s i m i l a r  to  t h e  N a v y ' s  P o l a r i s ,  v e r s u s  c o n t r a c t o r s .  I t  s e e m s  to  m e  t h a t  
t h i s  g e t s  i n t o  s o m e  k i n d  of  a n  a r g u m e n t  a b o u t  d e m o c r a c y  v e r s u s  
d i c t a t o r s h i p .  A d i c t o r s h i p  i s  f i ne  i f  y o u  c a n  f i n d  a g o o d  d i c t a t o r .  Who  
i s  t h i s  f e l l o w  in  i n d u s t r y  who  k n o w s  s o  m u c h  a b o u t  a l l  t h e s e  v a r i o u s  
e l e m e n t s  t h a t  h e  i s  g o i n g  to m a k e  t h e  d e c i s i o n s ,  s o m e  o f  w h i c h  a r e  
m i l i t a r y  d e c i s i o n s  ? Do y o u  h a v e  a n y  f e e l i n g  o n  t h a t ,  s i r  ? 
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DR. PICKERING:  Yes ,  I do. I have  a f e e l i n g  tha t  the  f i r s t  t h ing  
that  m u s t  be a c c o m p l i s h e d  is that  the p r i m a r y  m i l i t a r y  p l a n n e r s ,  w h e r e -  
e v e r  t hey  a r e ,  m u s t  have  c o n f i d e n c e  in the  peop le  who a r e  do ing  the 
d e v e l o p m e n t  w o r k  fo r  t h e m .  I t h i n k  e x p e r i e n c e  shows  tha t  it  i s  e a s i e r  
for  t h e m  to have  c o n f i d e n c e  in a g roup  which  is  not  p u r e l y  an  i n d u s t r i a l  
g r o u p  with c o m p e t e n c e  in a l i m i t e d  f i e ld .  

I c o m e  back ,  then ,  to the b a s i c  ques t ion :  Why don ' t  we have  a 
G o v e r n m e n t  weapons  i n d u s t r y ?  I wi l l  s a y  that  tha t  i d e a  he ld  unt i l  qu i t e  
r e c e n t l y .  We have  go t ten  away  f r o m  it in  the  l a s t  30 y e a r s ,  c e r t a i n l y  
s i n c e  the  w a r .  But it  s e e m s  to m e  tha t  that  q u e s t i o n  has  to be  a s k e d ,  
In o t h e r  w o r d s ,  the  r e q u i r e m e n t s  of the  m i l i t a r y  weapon  a r e  enough  
d i f f e r e n t  f r o m  the  n o r m a l  e x p e r i e n c e  of the c i v i l i a n  e c o n o m y  tha t  it 
is  a q u e s t i o n  why one  has  to in f l i c t  t h e s e  m i l i t a r y  w e a p o n s  d i r e c t l y  on 
the  c i v i l i a n  e c o n o m y .  

I f ee l  that  you m u s t  have  c o n f i d e n c e  in the peop le  you  a r e  w o r k i n g  
wi th .  You m u s t  have  c o n f i d e n c e  that  t h e i r  m o t i v e s  a r e  c o n s i s t e n t  wi th  
the  m o t i v e s  of the  m i l i t a r y  a g e n c i e s .  

QUESTION:  Doc to r ,  I a g r e e  with  you in  y o u r  c o n c e p t  tha t  you  m u s t  
have  a c o m p l e t e  s y s t e m .  I am w o n d e r i n g  ju s t  what  you  peop l e  a r e  
do ing  in the  f i e ld  of he lp ing  the m i l i t a r y  with the  e s t a b l i s h m e n t  of end  
c r i t e r i a  on the  t r a i n i n g  of p e r s o n n e l  to h a n d l e  the depot  s y s t e m ,  the  
s t o r a g e  and  supp ly  p r o g r a m s ,  and the m a i n t e n a n c e  p r o g r a m s .  T a k e  
the S e r g e a n t  as  an  e x a m p l e .  

DR. PICKERING:  In the S e r g e a n t  we a r e  t r y i n g  to c o v e r  the w a t e r -  
f ron t  in a l l  of t h e s e  a r e a s .  T h e r e  is  a de f in i t e  p lan  which  now e x i s t s  as  
to when  t h e s e  v a r i o u s  a c t i v i t i e s  should  beg in  to t ake  p l a c e .  As b e t w e e n  
the  l a b o r a t o r y  and S p e r r y ,  the r e s p o n s i b i l i t y  has  b e c o m e  e s t a b l i s h e d .  
In o t h e r  w o r d s ,  s o m e  of t h e s e  th ings  a r e  o b v i o u s l y  m u c h  c l o s e r  to S p e r r y ,  
and S p e r r y  to the e v e n t u a l  c o n t r a c t o r ,  than  to the l a b o r a t o r y .  But  we 
r e g a r d  it as  o u r  r e s p o n s i b i l i t y  to s e e  that  the  m i l i t a r y  and S p e r r y  do in 
fac t  get  t o g e t h e r  and get  s t a r t e d .  

F u r t h e r m o r e ,  in o u r  p a r t i c u l a r  c a s e  the c o n t r a c t s ,  both  wi th  
O r d n a n c e  and wi th  CONARC, a r e  c l o s e  enough  that  we f ee l  we a r e  
r e s p o n s i v e  to and u n d e r s t a n d  the r e a l  m i l i t a r y  p r o b l e m s .  

I should perhaps also point out that in our position it doesn't neces- 
sarily mean that we automatically go along with the military requirements 
which may be given to us. We feel that the mission of any competent 
technical group in this area is to constructively criticize, and this we have 

conscientiously done. 
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QUESTION: I understand that JPL is going to do the work in solid 
rocket fuels. Can you tell us whether the Navy's contractor is going to 
do that in the production of rocket fuels for the Polaris program ? 

DR. P I C K E R I N G :  Y e s .  J P L  has done a lot  of w o r k  in tha t  f i e ld .  
In fact ,  th i s  p o l y u r e t h a n e ,  w h i c h  is  b e i n g  used  by P o l a r i s ,  was  d e v e l o p e d  
at the  l a b o r a t o r y .  A e r o j e t  and  the l a b o r a t o r y  h a v e  c a r r i e d  on the 
d e v e l o p m e n t  o r i g i n a l l y  s t a r t e d  at  the  l a b o r a t o r y .  At the  m o m e n t ,  v a r i o u s  
m e m b e r s  of the  l a b o r a t o r y  a r e  c o n s u l t a n t s  on the P o l a r i s  p r o g r a m  in 
one  way  o r  a n o t h e r  on s o m e  c o m m i t t e e .  But we a r e  not o u r s e l v e s  
t r y i n g  to d e v e l o p  any  P o l a r i s  m o t o r  o r  P o l a r i s  p r o p e l l a n t .  

QUESTION:  In c o n n e c t i o n  wi th  y o u r  concep t  tha t  a weapon  s y s t e m  
shou ld  be  d e v e l o p e d  by a t e a m  that  c o v e r s  a l l  a s p e c t s ,  it  s e e m s  to m e  
tha t  the  n a m e  " J e t  P r o p u l s i o n  L a b o r a t o r y "  is a m i s n o m e r .  Cou ld  you  
e l a b o r a t e  a l i t t l e  on the c o m p o s i t i o n  and o r g a n i z a t i o n  of the  p e o p l e  who 
a r e  w o r k i n g  on t h e s e  p r o j e c t s  ? 

DR. P I C K E R I N G :  Y e s .  I would l ike  to s t a r t  tha t  by go ing  b a c k  a 
l i t t l e  and s a y i n g  tha t  the  l a b o r a t o r y  did C o r p o r a l .  It did C o r p o r a l  on 
the  b a s i s  tha t  we had a 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  which  was  
f ly ing  a b a l l i s t i c  d e v i c e  wh ich  cou ld  be  m a d e  into a weapon .  T h e n  we 
w e r e  g iven  the  r e s p o n s i b i l i t y  of t ak ing  tha t  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  and as  qu i ck ly  as  p o s s i b l e  m a k i n g  a w e a p o n  s y s t e m  out of i t .  

Our interest in flying that device was primarily in the areas of 
propulsion and equipment. We had not done any great amount of guid- 
ance. So our big problem in Corporal first of all was to develop guidance 
for it and, secondly, to put it together in some sort of system so we 
could put Corporal in the field. Having gone through Corporal and 
having seen the shortcomings in Corporal, we felt that the laboratory was 
in the best position to develop a real second-generation device. So we 
have undertaken Sergeant. 

In o r d e r  to do S e r g e a n t  then,  th i s  s a y s  tha t  we go a l l  the  way  f r o m  
p r o p e l l a n t s ,  the  p r o p e l l a n t  d e s i g n  for  S e r g e a n t  in t h i s  c a s e  b e c a u s e  of 
the  s i z e  of the  S e r g e a n t  m o t o r ,  and do it u n d e r  o u r  own d i r e c t i o n .  We 
go a l l  the  way f r o m  p r o p e l l a n t s  r i g h t  t h r o u g h  to the  d e s i g n  of the  m i s s i l e ,  
the  d e s i g n  of the g u i d a n c e  s y s t e m ,  the d e s i g n  of the  t n i s s i l e  p l a t f o r m ,  
the  d e s i g n  of the  h a n d l i n g  g e a r ,  and the  d e s i g n  of the  t e s t i n g  e q u i p m e n t .  
So we wi l l  end up with  a l l  the  e l e m e n t s  of the  c o m p l e t e  s y s t e m  h a v i n g  
p a s s e d  t h r o u g h  o u r  h a n d s .  And a c t u a l l y  a l l  of tha t  i s  be ing  done  by peop le  
in the  l a b o r a t o r y .  In o t h e r  w o r d s ,  if you  s a y  " J e t  P r o p u l s i o n  L a b o r a t o r y ,  
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it  i s  a m i s n o m e r .  It s t a r t e d  out b e i n g  i n t e r e s t e d  in r o c k e t  f u e l s .  Now 
we f e e l  tha t  we have  g r a d u a t e d  as  a r e s u l t  of  C o r p o r a l ,  and we h a v e  had  
to d e v e l o p  t a l e n t  in a l l  of t h e s e  a r e a s .  

QUESTION:  E v e n  though  you  d e v e l o p  t h e s e  t h i n g s  in  G o v e r n m e n t  
p l an t s ,  what  about  the  p r o b l e m s  of m a s s - p r o d u c i n g  t h e m  ? Would not 
the  G o v e r n m e n t  have  t o h a v e  l a r g e  m a s s - p r o d u c t i o n  p l an t s  ? Do you  
t h i n k  we would  e v e r  c o m e  to s u c h  a s i t u a t i o n  ? Don ' t  you  t h i n k  tha t  t h e r e  
a r e  f i r m s ,  s u c h  as  C o n v a i r  wi th  the  B - 5 8  and  G e n e r a l  D y n a m i c s  
C o r p o r a t i o n ,  who can  deve lop  a whole  w e a p o n  s y s t e m  ? 

DR. P I C K E R I N G :  Yes ,  t h e r e  a r e .  

QUESTION:  In t a lk ing  about  h a v i n g  the  G o v e r n m e n t  f a c i l i t i e s  d e v e l o p  
o u r  w e a p o n  s y s t e m s ,  do you  a l s o  e n v i s a g e  the G o v e r n m e n t  h a v i n g  the 
c a p a b i l i t y  of  m a s s - p r o d u c i n g  t h e m  ? 

DR. P I C K E R I N G :  Tha t  P r o b l e m  c e r t a i n l y  e x i s t s .  

I would  l i ke  to poin t  out ,  h o w e v e r ,  tha t  f i r s t  of a l l ,  in the  c a s e  of 
s o m e  of  t h e s e  v e r y  l a r g e  w e a p o n s  it would  s e e m  to m e  tha t  the  p r o d u c t i o n  
p r o b l e m  has  b e e n  s o m e w h a t  o v e r e m p h a s i z e d  in  tha t  the  n u m b e r  of t h e s e  
v e r y  l a r g e  w e a p o n s  n e e d e d  i s  r e l a t i v e l y  s m a l l .  T h e r e  c e r t a i n l y  is  a 
p r o d u c t i o n  p r o b l e m  in A t l a s ,  but I do f ee i  tha t  the  to t a l  p r o d u c t i o n  on 
t h e s e  l a r g e  weapons  is  not go ing  to be as  l a r g e  as  s o m e  p e o p l e  a r e  i n c l i n e d  
to th ink .  When I s a y  " p r o d u c t i o n  c o n c e p t ,  " I am o b v i o u s l y  t h i n k i n g  of 
s o m e t h i n g  m o r e  l i ke  the a p p r o a c h  u s e d  at  J P L  o r  NOTS in d e v e l o p i n g  
the  S e r g e a n t  and S i d e w i n d e r  and I b e l i e v e  I am f ac ing  th i s  p r o b l e m  of 
p r o d u c t i o n .  

Now, I f e e l  tha t  we h a v e  w o r k e d  it out  b e t w e e n  o u r s e l v e s  and th i s  
S p e r r y  c o n t r a c t  on S e r g e a n t  w h e r e  we a r e  go ing  to end up with  S p e r r y  
do ing  p r a c t i c a l l y  a l l  of the  c o n s t r u c t i o n  t h e m s e l v e s .  S o m e  of it, of 
c o u r s e ,  t h e y  wi l l  have  to get  done  i n d i r e c t l y .  But  the  p r o b l e m  is  l a r g e l y  
one  of  e d u c a t i o n  and t r a i n i n g .  When  one  s t a r t s  out,  he  wou ldn ' t  a p p r e c i a t e  
tha t  in e f fec t  t h i s  has  to go in to  i n d u s t r y .  Aga in ,  the  e d u c a t i o n ,  end ing  
up wi th  p l a n n i n g  to have  the  i n d u s t r i a l  g roup  t ake  o v e r ,  wi l l  s o l v e  the  
p r o b l e m .  

I wi l l  poin t  out  tha t  in the  c a s e  of C o r p o r a l  I t h ink  the  p r o b l e m  was  
a m i s e r a b l e  m e s s ;  tha t  the  t r a n s i t i o n  f r o m  the  l a b o r a t o r y  to p r o d u c t i o n  
on C o r p o r a l  was  not  at a l l  s a t i s f a c t o r y .  P e r h a p s  tha t  i s  m o r e  r e p r e -  
s e n t a t i v e  of th i s  s o r t  of th ing  tha t  one  h e a r s  about .  
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Now, of c o u r s e  I wi l l  a l so  m a k e  th i s  point :  S u p p o s i n g  we go t h r o u g h  
th i s  e x e r c i s e  wi th  S p e r r y  and S p e r r y  p r o d u c e s  S e r g e a n t .  S p e r r y  has  
t h e n  b e e n  e d u c a t e d  into the  S e r g e a n t  s y s t e m .  You m i g h t  we l l  a s k  now, 
what  about  the  s u c c e s s  of the S e r g e a n t  ? I t ' s  v e r y  good.  

In o t h e r  w o r d s ,  the  point  to s t a r t  with is  tha t  i n d u s t r y  is a p p a r e n t l y  
m o v i n g  in the  d i r e c t i o n  of h a v i n g  m o r e  c o m p l e t e  weapon  s y s t e m  a b i l i t y .  
I f e e l  tha t  t h i s  is  t r u e .  T h e r e  i s  a de f in i t e  t r e n d  in  th i s  d i r e c t i o n .  I 
am on ly  c o n c e r n e d  as  to w h e t h e r  o r  not i t ' s  r e a l  and  s u s t a i n e d  and  a l so  
as  to how long  we wi l l  s t i l l  e x e r c i s e  c o n t r o l  f r o m  the  G o v e r n m e n t ' s  
point  of v i e w .  Wil l  the G o v e r n m e n t  be con ten t  to, in  e f fec t ,  g ive  i n d u s t r y  
the  job and say :  " H e r e  it i s .  Sit down with  o u r  m i l i t a r y  p l a n n e r s  and 
decide how it should be done and then go away and do it"? Or will the 
Government continue to want to have some fairly tight control over what 
they are doing? 

If the  a n s w e r  is  tha t  t hey  want f a i r l y  t ight  c o n t r o l ,  t hen  m a y b e  you  
se t  up s o m e t h i n g  l i ke  a m o d i f i e d  R - W  c o n c e p t .  O r  e l s e  you  d e v e l o p  wi th in  
the  G o v e r n m e n t  s t r u c t u r e  the  a b i l i t y  to do the  t igh t  c o n t r o l .  The  i m p o r t a n t  
po in t  h e r e  is  tha t  the  a b i l i t y  to c o n t r o l  s o m e t h i n g  l i ke  th i s  m e a n s  you m u s t  
p o s s e s s  the  a b i l i t y  to do it y o u r s e l f .  I t h ink  one  m u s t  a s s u m e  in any  kind 
of c o n t r a c t i n g  p r o b l e m  that  any  t i m e  a c o n t r a c t o r  g o e s  out and s u b c o n t r a c t s  
s o m e  m a j o r  p a r t  of the  s y s t e m ,  wi th  few e x c e p t i o n s  you  have  t r o u b l e  in 
t h e s e  a r e a s  u n l e s s  the  p r i m e  c o n t r a c t o r  h i m s e l f  has  the  i n h o u s e  a b i l i t y  
to c o m e  v e r y  c l o s e  do do ing  the  job h i m s e l f .  I f ee l ,  in  o t h e r  w o r d s ,  tha t  
he m u s t  u n d e r s t a n d  the  p r o b l e m ;  and  to u n d e r s t a n d  the  p r o b l e m ,  h e ' s  
got to be ab le  to do it h i m s e l f .  

COMMENT: As R-W gets to understand the problems, they can handle 
larger and larger weapon systems. I understand that Sperry is getting 
along very well with Sergeant. 

DR. PICKERING: What I am questioning is whether R-W does under- 
stand the problems after they have been in it for over a year. In other 
words, if R-W had the hardware responsibility, to start and after it 
handled more of the hardware inhouse in one fashion or another, I 
b e l i e v e  tha t  t h e n  it  m i g h t  l ook  m o r e  l ike  m y  own o r g a n i z a t i o n .  

I m i g h t  poin t  out ,  i n c i d e n t a l l y ,  tha t  t h e r e  a r e  qui te  a few peop l e  in  
R - W  who would  l i ke  to go th i s  way .  I t ' s  a r e f l e c t i o n  of an  a p p r e c i a t i o n  of 
the  fac t  tha t  t h ings  a r e n ' t  go ing  r i g h t  and tha t  you  c a n ' t  r e a l l y  get  t hem 
done  r i g h t  u n l e s s  you have  a f i r s t h a n d  f a m i l i a r i t y  wi th  the  h a r d w a r e  to 
d e v e l o p  a r e a l  u n d e r s t a n d i n g  of the p r o b l e m s .  
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I t h ink  tha t  i f  one  goes  b a c k  to 1954, when  the ICBM p r o g r a m  was  
i n i t i a t e d  on a c r a s h  b a s i s ,  m y  own f e e l i n g  in  tha t  c a s e  would have  b e e n  
that  C o n v a i r  had done enough  w o r k  on th i s  p r o g r a m  to have  j u s t i f i e d  
g iv ing  C o n v a i r  the c o m p l e t e  r e s p o n s i b i l i t y  fo r  m a n a g e m e n t .  

QUESTION: You c o m m e n t e d  on the  n e e d  for  th i s  c o n t r o l l i n g  
o r g a n i z a t i o n  to have  c o n t r o l  and c o g n i z a n c e  of a l l  a s p e c t s  of the  p r o g r a m .  
I am w o n d e r i n g  how you  a r e  w o r k i n g  to a s s u r e  c o n f i d e n c e  in the  o p e r a t i o n  
and m a i n t e n a n c e  and the f ie ld  o p e r a t i o n s  of t h e s e  s y s t e m s ;  s e c o n d l y ,  
I am w o n d e r i n g  with  r e g a r d  to y o u r  i n t e r e s t  in the  need  of t ight  c o n t r o l  
and f a m i l i a r i z a t i o n  with  the h a r d w a r e .  It s e e m s  to m e  you  cou ld  s u p p l y  
th i s  t ight  c o n t r o l  at the  end of the d e v e l o p m e n t  s t a g e  as  you get  into 
p r o d u c t i o n  and in the o p e r a t i o n a l  s t a g e .  A r e  you going to t hen  c o n t r o l  
d i r e c t l y  with  S p e r r y  and hold the r e i n s  so tha t  you have  th i s  t igh t  c o n t r o l  
o v e r  p r o d u c t i o n  ? 

DR. P ICKERING:  We e x p e c t  that  at the t i m e  we le t  go of the  r e i n s ,  
we and the A r m y  wi l l  be  s a t i s f i e d  tha t  th i s  d e v i c e ,  wi th  s o m e  v e r y  m i n o r  
e x c e p t i o n s ,  w i l l  be  a f i n i s h e d  s y s t e m ;  in o t h e r  w o r d s ,  not  on ly  tha t  the 
h a r d w a r e  is  p r o d u c i b l e ,  but  the  s y s t e m  is w o r k a b l e .  

QUESTION:  You c a n ' t  be  s u r e  of th is  unt i l  a f t e r  the p r o d u c t i o n  
has  s t a r t e d ,  c an  y o u ?  

DR. P I C K E R I N G :  The  way  we a r e  going to do th i s  in S e r g e a n t  i s  
tha t  the f ina l  r e s e a r c h  and d e v e l o p m e n t  t e s t  wi l l  be  c o n d u c t e d  on m i s s i l e s  
wh ich  a r e  m a d e  f r o m  p r o d u c t i o n - t y p e  d r a w i n g s  on p r o d u c t i o n  t o o l i n g - -  
in o t h e r  w o r d s ,  ge t t i ng  th ings  t e s t e d ,  a c t i ng  as  p r o d u c t i o n  q u a r t e r b a c k s .  

Now, on the  q u e s t i o n  of w h e t h e r  J P L  is  go ing  to be  s a t i s f i e d  o r  
w h e t h e r  the  A r m y  is  going to be s a t i s f i e d ,  the  A r m y  is  not  go ing  to be  
s a t i s f i e d  unt i l  i t ' s  c o m p l e t e d  and use fu l .  But  we a n t i c i p a t e  tha t  the  
A r m y  wil l  be  w o r k i n g  c l o s e l y  on that  wi th  us;  tha t  t h e r e  wil l  be  g e n e r a l  
a g r e e m e n t  and that  the  p r o b l e m  wi l l  be  e s s e n t i a l l y  s o l v e d  b e f o r e  we l e t  
go.  

In th i s  r e s p e c t  I wi l l  point  out  tha t  the  S e r g e a n t  a c t i v i t y  is  d i f f e r e n t  
f r o m  the  u s u a l  r e s e a r c h  and d e v e l o p m e n t  c o n t r a c t s .  T h i s  i s  b e i n g  done  
d e l i b e r a t e l y  by O r d n a n c e ,  o u r s e l v e s .  We u n d e r s t a n d  what  we a r e  do ing .  
But  the  hope is  tha t  by l e a v i n g  the r e s e a r c h  and d e v e l o p m e n t  type  o p e r a t i o n  
a c t i v e  t h r o u g h  an e s s e n t i a l l y  p r o d u c t i o n  p r o t o t y p e  m i s s i l e  and  t e s t ,  we 
i n s u r e  o u r s e l v e s  tha t  the  n e c e s s a r y  m o d i f i c a t i o n s  can  be h a n d l e d  and m o r e  
c h e a p l y  and m o r e  qu i ck ly  than  if  we w e r e  to t ake  the n o r m a l  p r o c e d u r e  and 
c a r r y  it out .  
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C A P T A I N  WRIGHT: Dr.  P i c k e r i n g ,  we of the  C o l l e g e  r e a l i z e  how 
v e r y  busy  the  peop le  in your  b u s i n e s s  a r e  t h e s e  days .  We d e e p l y  
a p p r e c i a t e  y o u r  t ak ing  t i m e  to c o m e  down h e r e  and g ive  us a v e r y  i n t e r -  
e s t i n g  m o r n i n g .  Thank  you v e r y  much .  

(12 June  1958- -4 ,  100) r w b / m s r : b n  
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