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D r .  L a w r e n c e  R. Ha f s t ad ,  V ice  P r e s i d e n t  in c h a r g e  of G e n e r a l  
M o t o r s  R e s e a r c h  Staff, was  b o r n  on 18 June  1904 at M i n n e a p o l i s ,  
M i n n e s o t a .  He g r a d u a t e d  f r o m  the U n i v e r s i t y  of M i n n e s o t a  in 1926 with  
a B. S. d e g r e e  in e l e c t r i c a l  e n g i n e e r i n g ,  c o n t i n u e d  on as  a g r a d u a t e  
s tuden t  in p h y s i c s  unt i l  1928 and in 1933 was  a w a r d e d  a d o c t o r  of ph i l -  
o s o p h y  d e g r e e  in p h y s i c s  by John  Hopkins  U n i v e r s i t y .  He has  w o r k e d  
as  an e n g i n e e r  for  N o r t h w e s t  Be l l  T e l e p h o n e  C o m p a n y ,  a p h y s i c i s t  fo r  
the  C a r n e g i e  I n s t i t u t e  of Wash ing ton ,  D. C . ,  d i r e c t o r  of r e s e a r c h  of the  
App l i ed  P h y s i c s  L a b o r a t o r y  of J o h n s  Hopk ins  U n i v e r s i t y ,  e x e c u t i v e  s e c -  
r e t a r y  of  the  R e s e a r c h  and D e v e l o p m e n t  B o a r d ,  OSD, D i r e c t o r  of U. S. 
A t o m i c  E n e r g y  C o m m i s s i o n ' s  R e a c t o r  D e v e l o p m e n t  D iv i s ion ,  c h a i r m a n  
of the  I n t e r d e p a r t m e n t a l  C o m m i t t e e  on S c i e n t i f i c  R e s e a r c h  and  D e v e l o p -  
m e n t ,  and as  d i r e c t o r  of C h a s e  M a n h a t t a n  B a n k ' s  A t o m i c  E n e r g y  Div i -  
s ion .  He s h a r e d  the  A m e r i c a n  A s s o c i a t i o n  for  the A d v a n c e m e n t  of 
S c i e n c e  A w a r d  with  M. A. Tuve  in 1931 for  d e v e l o p m e n t  of a m i l l i o n  
vol t  v a c u u m  tube and a l so  was  p r e s e n t e d  wi th  the  M e d a l  of M e r i t  and 
the  B r i t i s h  " K i n g ' s  M e d a l  in D e f e n s e  of F r e e d o m "  fo r  h is  w a r  work ,  
a m o n g  o t h e r  a w a r d s .  He has  w r i t t e n  m a n y  s c i e n t i f i c  and  t e c h n i c a l  p a p e r s ,  
c h i e f l y  in the  f i e ld  of p h y s i c s .  He is  a f e l l o w  of the  A m m r i c a n  P h y s i c a l  
S o c i e t y  as  we l l  as  m a n y  o t h e r  s c i e n t i f i c ,  e n g i n e e r i n g , a n d  f r a t e r n a l  s o c i -  
e t i e s .  He ho lds  v a r i o u s  t r u s t e e ,  c o u n c i l ,  and  c o m m i t t e e  m e m b e r s h i p s ,  
i n c l u d i n g  E thy l  C o r p o r a t i o n ,  Sc i en t i f i c  R e s e a r c h  S o c i e t y  of A m e r i c a ,  
N a t i o n a l  I n d u s t r i a l  C o n f e r e n c e  B o a r d ,  and A t o m i c  E n e r g y  C o u n c i l .  He 
is  a l so  a c o n s u l t a n t  to the  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  for  R ~ D  and 
t e c h n i c a l  a d v i s o r  to Synd ica t  d ' E t u d e  de l ' E n e r g i e  N u c l e a i r e  ( B e l g i u m ) .  
T h i s  is  Dr .  H a f s t a d ' s  s e v e n t h  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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A D M I R A L  CLARK:  The t i t l e  of ou r  l e c t u r e  th is  m o r n i n g  is  
" R e s e a r c h  and D e v e l o p m e n t  in I n d u s t r y .  " 

As e v e r y o n e  h e r e  knows ,  t h e r e  a r e  few a s p e c t s  of i n d u s t r y  of equa l  
i m p o r t a n c e  to i t s  g r o w t h ,  to m a i n t a i n i n g  i ts  c o m p e t i t i v e  s i t ua t i on ,  and 
to i ts  a b i l i t y  to m e e t  c h a n g i n g  n e e d s ,  than is  r e s e a r c h  and d e v e l o p m e n t .  

To d i s c u s s  th i s  s u b j e c t  th is  m o r n i n g ,  we a r e  f o r t u n a t e  in h a v i n g  
a m a n  who h a s  had a m o s t  c o m p l e t e  and d i v e r s i f i e d  e x p e r i e n c e  in r e -  
s e a r c h  and d e v e l o p m e n t  in both b u s i n e s s  and g o v e r n m e n t .  His  p e r s o n a l  
a c h i e v e m e n t s ,  as  we l l  as  h i s  m a n a g e r i a l  s k i l l s ,  have  won h i m  r e c o g n i -  
t ion  and a w a r d s  in th i s  c o u n t r y  as  we l l  as  a b r o a d .  

In a d d i t i o n  to h i s  o ther  s c i e n t i f i c  a c h i e v e m e n t s ,  he has  a u t h o r e d  a 
g r e a t  m a n y  t e c h n i c a l  p a p e r s ,  he has  p a r t i c i p a t e d  in the work  of a g r e a t  
m a n y  e n g i n e e r i n g  s o c i e t i e s  both h e r e  and a b r o a d ,  and he ho lds  t r u s t e e -  
sh ips  and m e m b e r s h i p s  on a g r e a t  n u m b e r  of s c i e n t i f i c  s o c i e t i e s ,  
b o a r d s ,  and c o u n c i l s .  

It is  a g r e a t  p l e a s u r e  fo r  m e  to w e l c o m e  back  h e r e  fo r  h i s  s e v e n t h  
a p p e a r a n c e  the V ice  P r e s i d e n t  in C h a r g e  of the G e n e r a l  M o t o r s  R e s e a r c h  
L a b o r a t o r i e s ,  Dr .  L a w r e n c e  R. H a f s t a d .  Dr .  Haf s t ad .  

DR.  HAFSTAD:  Thank  you,  A d m i r a l ,  G e n t l e m e n :  My ta lk  h e r e ,  
a c c o r d i n g  to the s u g g e s t e d  ou t l ine  that  I was  g iven ,  is  s u p p o s e d  to c o v e r  
t h e s e  po in t s :  The  i m p o r t a n c e  of i n d u s t r i a l  r e s e a r c h  to t e c h n o l o g i c a l  
p r o g r e s s ,  the q u e s t i o n  of what  i s  i n d u s t r i a l  r e s e a r c h ,  how b u s i n e s s  
g r o w s  t h r o u g h  r e s e a r c h  and d e v e l o p m e n t ,  how i n d u s t r i a l  r e s e a r c h  is  
o r g a n i z e d  and m a n a g e d ,  what  the p r o b l e m  a r e a s  a r e ,  and what  the c o n -  
t r i b u t i o n s  to n a t i o n a l  s e c u r i t y  a r e .  

Al l  of t h e s e  i t e m s  a r e  e x t r e m e l y  i n t e r e s t i n g  and I could  ta lk  at 
lengt  h on n e a r l y  a l l  of t h e m ,  but I th ink  I would be m o s t  he lp fu l  to you  
if I would conf ine  m y  r e m a r k s  m a i n l y  to e x a m p l e s  of m y  own e x p e r i e n c e  
and m y  own i m p r e s s i o n s ,  b e c a u s e  I have  r e a d  the p a p e r  tha t  you w e r e  
g iven  h e r e ,  the  p a p e r  by R i c h a r d  R. N e l s o n ,  on " I n v e n t i o n ,  R e s e a r c h ,  
and D e v e l o p m e n t ,  " and I find it e x c e l l e n t .  I c o u l d n ' t  w r i t e  a b e t t e r  
p a p e r  m y s e l f  and ~ o u l d  be w a s t i n g  y o u r  t i m e  if I t r i e d  to r e p e a t  i t  o r  
i m p r o v e  upon it .  



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

T h e  f i r s t  i t e m  on  m y  l i s t  w a s  t h e  i m p o r t a n c e  of  r e s e a r c h  to  t e c h -  
n i c a l  p r o g r e s s ,  a n d  I c a n  t h i n k  of  no  b e t t e r  w a y  of  a n s w e r i n g  t h a t  t h a n  
to  r e a d  a q u o t e  f r o m  S u m n e r  S c h l i c t e r ,  t h e  P r o f e s s o r  o f  E c o n o m i c s  a t  
H a r v a r d  U n i v e r s i t y .  H e  s t a t e s  in a r e c e n t  a r t i c l e :  

"The best way to indicate the significance of technological research 
for the growth and stability of the economy is to point out that technolog- 
ical research had developed sufficiently by 1937 to make Keynes' theory 
of employment obsolete on the day of its publication, in spite of invalu- 
able concepts and tools of analysis contained in the work. The reason 
why his theory of employment itself was out of date on the day of its 
publication was that Keynes ignored completely the impact of technolog- 
ical research upon the economy. Hence his theory of employment 
rested upon a theory of consumption and upon a theory of investment 
that were seriously in error .  In addition, Keynes was led to the mis- 
taken practical conclusion that economic progress inevitably creates a 
cronic deficiency of demand. " 

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

L e t ' s  t u r n  to  t h e  q u e s t i o n :  W h a t  i s  i n d u s t r i a l  r e s e a r c h ?  T h e  d e f i -  
n i t i o n  I l i k e  b e s t  i s  o n e  g i v e n  b y  D u e t  R e e v e s  of  t h e  S t a n d a r d  Oi l  C o m -  
p a n y  of  N e w  J e r s e y :  " I n d u s t r i a l  r e s e a r c h  i s  t h e  e f f o r t  on  t h e  p a r t  of  
m a n a g e m e n t  to  p r o v i d e  i t s e l f  w i t h  t e c h n o l o g y  f o r  p r e s e n t  a n d  f u t u r e  
g r o w t h .  " 

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



M a n a g e m e n t  c a n  buy i t s  new t e c h n o l o g y  f r o m  a n o t h e r  o r g a n i z a t i o n ;  it  
c a n  h i r e  a lot  of c o n s u l t a n t s ;  it c a n  s u p p o r t  r e s e a r c h  in u n i v e r s i t i e s .  
T h e r e  a r e  m a n y  w a y s  that  m a n a g e m e n t  can  get  i t s  new t e c h n o l o g y .  
Se t t ing  up i t s  own r e s e a r c h  and d e v e l o p m e n t  o r g a n i z a t i o n  is  m e r e l y  one 
of the ways  of do ing  th i s .  

So, i n d u s t r i a l  r e s e a r c h ,  then ,  i s  the e f fo r t  on the pa r t  of m a n a g e -  
m e n t  to p r o v i d e  i t s e l f  with new t e c h n o l o g y  fo r  p r e s e n t  and f u t u r e  g r o w t h .  
A n o t h e r  way  you could  e x p r e s s  it  i s  to s a y  that  it is  an o r g a n i z e d  e f fo r t  
to m a k e  i n v e n t i o n s .  I don ' t  l ike  tha t  qu i te  so we l l ,  b e c a u s e ,  to m e ,  
i n v e n t i o n  a l w a y s  a s s o c i a t e s  i t s e l f  with p a t e n t s .  T h i n g s  tha t  a r e  i n v e n t e d  
a r e  u s u a l l y  p a t e n t a b l e ,  and th is  m o r e  or  l e s s  r e s t r i c t s  you to g a d g e t s  
of v a r i o u s  k inds .  G a d g e t s  a r e  the th ings  that  you can  inven t ,  w h e r e a s  
R&D, in  th i s  day  and age ,  o f ten  l e a d s  to a b a s i c  u n d e r s t a n d i n g  in a new 
a r e a  of t e c h n o l o g y .  The o f t e n - u s e d  w o r d s  " k n o w - h o w "  a r e  the i m p o r -  
tant  c o n c e p t  h e r e ,  and th is  k n o w - h o w  g i v e s  the c o m p a n y  an a d v a n t a g e ,  
s o m e t i m e s  g r e a t e r  than  that  which  it could  get  f r o m  f o r m a l  pa t en t  
a r r a n g e m e n t s .  

A n o t h e r  i m p o r t a n t  c h a r a c t e r i s t i c  of i n d u s t r i a l  r e s e a r c h  is tha t  it 
m u s t  be p r o f i t a b l e ,  and th i s  is  of ten f o r g o t t e n  by w r i t e r s  on the s u b j e c t .  
T h e r e  is  so  m u c h  be ing  w r i t t e n  t h e s e  days  about  R&D, so m u c h  s t r e s s  
on the i m p o r t a n c e  of b a s i c  r e s e a r c h ,  tha t  s o m e h o w  o r  o t h e r  it  s e e m s  to 
be los t  s igh t  of that ,  as  f a r  as  i n d u s t r y  is c o n c e r n e d ,  the o p e r a t i o n  
o v e r a l l  m u s t  be p r o f i t a b l e .  And th i s  t i e s  in with a n o t h e r  v e r y  funda-  
m e n t a l  th ing  in o u r  s o c i e t y  and in ou r  p a r t i c u l a r  e c o n o m i c  s y s t e m ,  and 
that  i s  the b a s i c  a s s u m p t i o n  that  the c u s t o m e r  is  a l w a y s  r i gh t .  Th i s  is  
qu i t e  d i f f e r e n t  f r o m  the R u s s i a n  s y s t e m .  I won ' t  a r g u e  h e r e  w h e t h e r  it 
is  a p r o p e r  d e c i s i o n  o r  a p r o p e r  a s s u m p t i o n ,  but the b a s i c  a s s u m p t i o n  
of o u r  i n d u s t r i a l  e c o n o m y  and the  R&D e f f o r t s  tha t  a r e  a p a r t  of it is  
tha t  the  c u s t o m e r  is  a l w a y s  r i g h t .  

How d o e s  b u s i n e s s  g row t h r o u g h  R&D? I don ' t  th ink  we have  to 
spend  too m u c h  t i m e  on th is  s u b j e c t .  You a r e  a l l  f a m i l i a r  with the  
m i r a c l e  d r u g s  that  have  s t e m m e d  f r o m  r e s e a r c h ,  and the  c o m p a n i e s  
tha t  h a v e  p r o s p e r e d  f r o m  s p o n s o r i n g  th i s  r e s e a r c h .  T h o s e  of you who 
w a t c h  the s t o c k  m a r k e t  know how one d r u g  c o m p a n y  a f t e r  a n o t h e r  wi l l  
h a v e  a s p u r t  in the  va lue  of i t s  s t o c k s  due s i m p l y  to one  o r  a n o t h e r  of 
the miracle drugs being developed. I don't say "discovered" or 
"invented" in this case, because development is the correct word. The 
company chooses a certain area in which to do research and, after a 
lot of work in this area, usually emerges with a series of products 
which are effective and marketable. 



O t h e r  e x a m p l e s  of g rowth  due to R&D would be new p r o c e s s e s  in 
the  p e t r o l e u m  i n d u s t r y  o r  in the p e t r o - c h e m i c a l  i n d u s t r y .  A c l o s e  
r e l a t i o n  to t h e s e  is  the p l a s t i c s  i n d u s t r y ,  which  has  been  g r o w i n g  by 
l eaps  and bounds .  The  e l e c t r o n i c s  i n d u s t r y  is a n o t h e r  one which  is  
c l o s e l y  a s s o c i a t e d  with R&D. Any new d e v e l o p m e n t ,  any d e v i c e  o r  
c o m p o n e n t  which  i s  i n v e n t e d  o r  d e v e l o p e d ,  u s u a l l y  g i v e s  the  c o m p a n y  a 
r e a l  a d v a n t a g e  in m a r k e t i n g  i t s  p roduc t .  So the  g rowth  t e n d s  to fol low 
the R&D, and one  g a t h e r s  f r o m  g e n e r a l  r e a d i n g  the i m p r e s s i o n  that  the 
only  th ing  he n e e d s  to do to m a k e  a s u c c e s s f u l  s m a l l  c o m p a n y  or  i n d u s t r y  
is  to s e t  up an R&D p r o g r a m .  In fact ,  I have  the  i m p r e s s i o n  that  a lot 
of R&D d e p a r t m e n t s ,  o r  even  e n g i n e e r i n g  d e p a r t m e n t s ,  a r e  s e c e d i n g  
f r o m  c o m p a n i e s  and o r g a n i z i n g  s m a l l  c o m p a n i e s  of t h e i r  own. Th i s  is 
a r o u g h  d a n g e r o u s  b u s i n e s s ,  b e c a u s e  you have  to be good in R&D, but 
you a l so  have  to be good in b u s i n e s s  and in the f i n a n c i a l  s ide  if you a r e  
going  to s t ay  a l ive .  In a p e r i o d  of p r o s p e r i t y  th i s  s y s t e m  w o r k s  f a i r l y  
well ;  but when the go ing  ge t s  tough,  it wi l l  be d i f f icu l t  fo r  m a n y  of t h e s e  
s m a l l  c o m p a n i e s  to s t ay  a l ive  in the  c o m p e t i t i o n .  

A n o t h e r  a r e a  in which i n d u s t r y  g r o w s  t h rough  R&D is ,  of c o u r s e ,  
t h r o u g h  g o v e r n m e n t  c o n t r a c t s .  Al l  of you have  s e e n  how s m a l l  c o m p a -  
n i e s ,  p a r t i c u l a r l y ,  can  t h r i v e  and p ro f i t  by ge t t ing  a n u m b e r  of g o v e r n -  
m e n t  c o n t r a c t s .  T h e r e  is  a d i f f e r e n c e  h e r e  b e t w e e n  s m a l l  and l a r g e  
i n d u s t r y .  S m a l l  i n d u s t r y ,  by and l a r g e ,  i s  s t r u g g l i n g  to m a i n t a i n  i t s e l f ,  
to keep  going.  It is  v e r y  happy  to have  i t s  s a l a r i e s  paid.  If it d o e s  so 
it i s  a s u c c e s s f u l  c o m p a n y .  A big c o m p a n y ,  by and l a r g e ,  has  m a n y  
o t h e r  d i r e c t i o n s  in which  to m a k e  i ts  i n v e s t m e n t s ,  and it is  c o n c e r n e d  
about the p rof i t  r a t e ,  which is  r e l a t i v e l y  low on g o v e r n m e n t  c o n t r a c t s .  

As a r e s u l t ,  it is  m y  i m p r e s s i o n  that  g o v e r n m e n t  c o n t r a c t s  work  
f a i r l y  wel l  fo r  s u b c o n t r a c t o r s  and c o m p o n e n t  d e v e l o p m e n t  peop le ;  but 
they a r e  not v e r y  a t t r a c t i v e  o r  s u c c e s s f u l  f r o m  the point  of view of a 
m a j o r  c o n t r a c t o r  who has  a c i v i l i a n  b u s i n e s s  to p r o t e c t .  And h e r e  you 
get  into a lot of p r o b l e m  a r e a s ,  which,  if t h e r e  is  t i m e ,  we wi l l  d i s c u s s  
l a t e r .  

B a s i c  to th is ,  I th ink,  is  that  with m o d e r n  t r e n d s  in weapon  d e v e l o p -  
m e n t  it is  e x t r e m e l y  d i f f icu l t  to s e p a r a t e  the R&D and the p r o d u c t i o n  
p h a s e s  of an o v e r a l l  ac t iv i ty .  In the old days ,  as m a n y  of you know, R&D 
was one thing;  p r o d u c t i o n  was a n o t h e r .  You did a lot of R&D, d e v e l -  
oped the gadge t ,  took your  t i m e  to p r o v e  it in, m a d e  s u r e  that  it was jus t  
what  was n e e d e d  in the f ie ld ,  and then  the p r o d u c t i o n  d e p a r t m e n t  took 
o v e r  and the m i l i t a r y  peop l e  would o r d e r  t h e s e  th ings  by the m i l l i o n s .  
U n d e r  t hose  c o n d i t i o n s  the  p r o d u c t i o n  m a n  could  m o v e  in and r e a l l y  do 
a job.  

4 
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In t h i s  d a y  and  a g e ,  w i t h  t h e  w e a p o n s  we a r e  now d e v e l o p i n g ,  t h e  
R&D h a s  to  f o l l o w  r i g h t  a l o n g  i n t o  t h e  p r o d u c t i o n  a r e a  of  the  a c t i v i t y .  In  
f a c t ,  t h e  d e v i c e s  we now m a k e  a r e  s o  e x p e n s i v e  t h a t  y o u  d o n ' t  o r d i n a r i l y  
g e t  i n t o  v o l u m e  p r o d u c t i o n ,  and  y o u r  p r o d u c t i o n  p e o p l e  h a v e  to h a v e  R&D 
p e o p l e  s i t t i n g  r i g h t  b e s i d e  t h e m  in s o l v i n g  t h e  p r o b l e m s .  T h i s  g i v e s  a 
w h o l e  n e w  s e t  of  p r o b l e m s  in  t h e  p r o d u c t i o n  a r e a  i n  g e t t i n g  a w e a p o n  
f r o m  t h e  R&D s t a g e  i n t o  p r o d u c t i o n .  I t h i n k  o n e  of  t h e  r e a s o n s  t h a t  we 
a r e  h a v i n g  s o m e  c o n f u s i o n  and  d i f f i c u l t y  in  l e a d  t i m e s  h e r e - - t h a t  i s ,  t h e  
p r o b l e m  of  g e t t i n g  f r o m  R&D i n t o  o p e r a t i o n - - i s  t h a t  we h a v e  no t  y e t  
m a d e  up o u r  m i n d s  o r  h a v e  n o t  y e t  l e a r n e d  w h e t h e r  we w a n t  to  u s e  a 
s y s t e m  w h e r e  we h a v e  R&D in  one  c a t e g o r y  of  f a c i l i t y  and  p r o d u c t i o n  in  
a n o t h e r ,  o r  w h e t h e r  we w a n t  to  c o m b i n e  t h e s e  two  a n d  do R ~ D  in t h e  s a m e  
c o m p a n y  a nd  t h e  s a m e  o r g a n i z a t i o n  t h a t  i s  g o i n g  to  do  t h e  p r o d u c t i o n .  

T h e r e  a r e  a d v a n t a g e s  and  d i s a d v a n t a g e s  b o t h  w a y s .  W e ' l l  c o m e  
b a c k  to t h a t  o n e  a l i t t l e  l a t e r .  

I'd now like to show you a number of charts which may reiterate 

some of the points I have been making. 

C h a r t  1, p a g e  6 . - - I  w a n t  to  s t r e s s  t h e  g r o w t h  of  R&D in  t h e  U n i t e d  
S t a t e s .  N o t i c e  t h e  r a p i d  r a t e  of  g r o w t h  o n  t h e  l o g a r i t h m i c  o r d i n a t e .  
T h i s  r e a l l y  m e a n s ,  i n s o f a r  a s  t h o s e  l i n e s  c a n  be  r e p r e s e n t e d  b y  s t r a i g h t  
l i n e s ,  t h a t  t h e r e  i s  an  e x p o n e n t i a l  g r o w t h  in  R&D.  T h o s e  of  y o u  who  
h a v e  p l a y e d  w i t h  e x p o n e n t i a l s  k n o w  t h a t  t h e y  c a n ' t  c o n t i n u e  i n d e f i n i t e l y .  

C h a r t  2, p a g e  7 . - - H e r e ,  j u s t  f o r  fun ,  i s  t h e  p l o t  o f  e m p l o y m e n t  in  
t h e  e l e c t r i c a l  i n d u s t r y .  You  w i l l  n o t e  t h a t  we w o u l d  h a v e  t h e  e n t i r e  
w o r k i n g  p o p u l a t i o n  of  t h e  U n i t e d  S t a t e s  w o r k i n g  in  t h i s  f i e l d  by 1990.  I 
w o u l d n ' t  b e t  on  i t  i f  I w e r e  y o u .  

C h a r t  3, p a g e  8 . - - H e r e  i s  a n  e f f o r t  to  s h o w  y o u  t h e  m o r e  o r  l e s s  
c l a s s i c  d i s t r i b u t i o n  of  e f f o r t  in  p u r e  s c i e n c e ,  w h i c h  i s  m a i n l y  t h e  b u s i -  
n e s s  of  t h e  u n i v e r s i t i e s  and  a p p l i e d  s c i e n c e ,  w h i c h  i s  t h e  b u s i n e s s  of  
i n d u s t r i e s .  A f e w  d e c a d e s  a g o  we  w e r e  v e r y  h a p p y  w i t h  t h i s  a r r a n g e -  
m e n t .  P a r t i c u l a r l y  d u e  to  t h e  i m p a c t  of  d e v e l o p m e n t s  d u r i n g  W o r l d  
W a r  II  a nd  t h e i r  r e f l e c t i o n  in  t h e  e c o n o m i c  s o c i e t y  in  w h i c h  we l i v e ,  
h o w e v e r ,  we  c a m e  ou t  w i t h  a n e e d  f o r  s o m e t h i n g  in  b e t w e e n  t h e s e  two .  
T h i s  I r e p r e s e n t  h e r e  b y  t h e  R e s e a r c h  A s s o c i a t i o n s ,  o r ,  i f  y o u  l i k e ,  t h e  
l a r g e  g o v e r n m e n t a l  l a b o r a t o r i e s ,  w h i c h  s o r t  o f  f i l l  t h e  gap  b e t w e e n  t h e  
p u r e  r e s e a r c h  of  t h e  u n i v e r s i t i e s  and  t h e  a p p l i e d  r e s e a r c h  of  t h e  
i n d u s t r i e s .  O u r  b i g  g o v e r n m e n t  l a b o r a t o r i e s  r u n  a l l  t h e  w a y  f r o m  b a s i c  
s c i e n c e ,  a s  y o u  k n o w ,  to  w e a p o n  d e v e l o p m e n t ,  and  w o u l d  c o m e  in t he  
c a t e g o r y  of  t h e s e  R e s e a r c h  A s s o c i a t i o n s .  
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C h a r t  4, page  1 0 . - - H e r e  is  the way the r e s e a r c h  and d e v e l o p -  
men t  b u s i n e s s  looks  to the b o o k k e e p e r ,  and u s u a l l y  to top m a n a g e -  
men t .  You will  no te  that  the d o l l a r  spen t  d u r i n g  the r e s e a r c h  p h a s e  is 
~ r e t t y  s m a l l .  In an o r d i n a r y  b ig  o p e r a t i n g  b u s i n e s s  it is  l i t t l e  m o r e  
:ban a n u i s a n c e ,  and not too m u c h  a t t e n t i o n  is  paid to it. 

T h e n  t h e r e  is  a d e v e l o p m e n t  p e r i o d ,  w h e r e  the m o n e y  b e c o m e s  
~ igni f icant .  As you go into  p r o d u c t i o n ,  you find that  r e a l l y  l a r g e  s u m s  
~re i nvo lved  in too l ing ,  and so on. So that  it is  the p r o d u c t i o n  end of 
:hings that  ge t s  the a t t en t i on .  

Th i s  i s  not the  way  a r e s e a r c h  m a n  looks  at the p r o b l e m  at a l l ,  so 
• want  to show you  a n o t h e r  e h a r t  which  shows  how a r e s e a r c h  m a n  th inks  
, is  b u s i n e s s  ought  to look.  

C h a r t  5, page  1 1 . - - T h e  r e s e a r c h  m a n  is  c o n c e r n e d  with the p e r -  
..enrage i m p r o v e m e n t  in the p r o d u c t .  When  the p r o d u c t i o n  m a n  t a l k s  
.bout a s m a l l  p e r c e n t  i m p r o v e m e n t  in p r o d u c t  o r  a s m a l l  p e r c e n t  d e -  
' . rease  in c o s t ,  he  th inks  he  is  do ing  s o m e t h i n g .  The r e s e a r c h  m a n  
l i nks  in t e r m s  of f a c t o r s .  He wan t s  a f a c t o r  of 2 i m p r o v e m e n t ,  o r  a 
a c t o r  of 10 i m p r o v e m e n t ,  or  s o m e t h i n g  of t h i s  kind.  So if you plot  p e r -  
ent  i m p r o v e m e n t  due  to y o u r  a c t i v i t y ,  th i s  is  the way the p i c t u r e  looks .  
~nd of c o u r s e  a p i c t u r e  of th i s  kind would c a u s e  l i f ted  e y e b r o w s  on the 
a r t  of the f i n a n c i a l  peop l e  in  any  we l l  o r g a n i z e d  i n d u s t r y .  

C h a r t  6, page  1 2 . - - T h i s  c h a r t ,  wh ich  p lo t s  k n o w l e d g e  on a v e r t i -  
a l  s c a l e  and t i m e  and e n g i n e e r i n g  and p r o g r e s s  on a h o r i z o n t a l  s c a l e ,  
hows  a t y p i c a l  p a t t e r n  of d e v e l o p m e n t .  As k n o w l e d g e  i n c r e a s e s  to 
o m e  l e v e l - - t h i s  i s  s c i e n t i f i c  k n o w l e d g e  and t e c h n o l o g y - - i t  b e c o m e s  
o s s i b l e  to m a k e  s o m e  u s e f u l  d e v i c e .  In th i s  c a s e  we p i cked  the p i s t on  
ng ine .  

A lot of p e o p l e  m a k e  a l i v ing  out of th i s  and c o n t i n u e  w o r k i n g  a long  
lis c u r v e  m a r k e d  " p i s t o n "  and m a k i n g  e n g i n e e r i n g  i m p r o v e m e n t s  in th i s  
ngine .  But t hey  b e c o m e  so d e d i c a t e d  to th i s  d e s i g n  tha t  t hey  a r e  not  
p e n m i n d e d ,  and in fac t  r e s e n t  any  d e v e l o p m e n t s  wh ich  l ead  to o t h e r  
e v i c e s .  And th i s  i s  the r e a s o n ,  I m a i n t a i n ,  tha t  it  r a r e l y  h a p p e n s  tha t  
c o m p a n y  which  has  b e c o m e  s u c c e s s f u l  wi th  one  d e v i c e  is ab le  to c h a n g e  
s m e t h o d  of o p e r a t i o n  and d e v e l o p  a new d e v i c e .  The  new d e v i c e s  h a v e  
, c o m e ,  u s u a l l y ,  f r o m  o u t s i d e  i n f l u e n c e  and f r o m  new po in t s  of view 
~ing b r o u g h t  to b e a r  on the p r o b l e m .  
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S i m i l a r l y ,  the t u r b i n e  peop l e  b e c o m e  invo lved  in t h e i r  d a y - t o - d a y  
o p e r a t i o n s ,  and spend  al l  of t h e i r  t i m e  and e n e r g y  and m o n e y  m a k i n g  
e n g i n e e r i n g  i m p r o v e m e n t s ,  and t h e s e  a r e  s m a l l - p e r c e n t  i m p r o v e m e n t s ,  
in the t u r b i n e s .  S o m e b o d y  e l s e  has  to c o m e  a r o u n d  to i n t r o d u c e  r e a l l y  
new th ings  l ike  r a m  j e t s  o r  r o c k e t s ,  if we c o n t i n u e  into o t h e r  a r e a s .  

C h a r t  7, page  1 4 . - - O n e  th ing which  has  been  c h a n g i n g  o v e r  the l a s t  
s e v e r a l  d e c a d e s  is the t i m e  i n t e r v a l  b e t w e e n  the s c i e n t i f i c  d i s c o v e r y  
and the  t i m e  of a p p l i c a t i o n  of that  d i s c o v e r y .  I have  t r i e d  to show th is  
in th i s  p a r t i c u l a r  c h a r t .  You wil l  no te ,  t ak ing  the bo t tom,  fo r  i n s t a n c e ,  
that  f r o m  the t i m e  of the  d i s c o v e r y  of the c h e m i c a l  r e a c t i o n s  by the 
s c i e n t i s t s  who w e r e  s t u d y i n g  c h e m i s t r y  to the a c t u a l  d e v e l o p m e n t  of 
p h o t o g r a p h y  was  n e a r l y  a c e n t u r y .  E v e n  when you c o m e  up to the t e l e -  
phone ,  as  s h o w n  h e r e ,  t h e r e  was  a long t i m e  b e t w e e n  the s c i e n t i f i c  
d i s c o v e r i e s  of e l e c t r i c i t y  and m a g n e t i s m  and the  a p p l i c a t i o n  to the t e l e -  
phone .  But,  as you c o m e  up to th is  c h a r t ,  you find that  r a d i o  c a m e  
t h r o u g h  m u c h  f a s t e r ,  r a d a r  s t i l l  f a s t e r ,  the A - b o m b ,  as  you a l l  know,  
v e r y ,  v e r y  r a p i d l y .  I show as the l a s t  e x a m p l e  t r a n s i s t o r s ,  w h e r e  the 
a p p l i c a t i o n  s t a r t e d  a l m o s t  a long  with the d i s c o v e r i e s  in s o l i d - s t a t e  
p h y s i c s  in the Be l l  T e l e p h o n e  L a b o r a t o r y .  

C h a r t  8, page  1 5 . - - D i f f e r e n t  c o m p a n i e s  and d i f f e r e n t  i n d u s t r i e s  
have  good r e a s o n  to spend  d i f f e r e n t  a m o u n t s  of m o n e y  in R&D. It m a y  
be that  the c o m p a n y  m a n a g e m e n t  is  only s l e e p y ,  but th is  does  not n e c e s -  
s a r i l y  fo l low,  b e c a u s e  the g a m e  is d i f f e r e n t  as  it is  p l ayed  in d i f f e r e n t  
i n d u s t r i e s .  H e r e  you wi l l  note  you r u n  f r o m  the a i r c r a f t  i n d u s t r y ,  w h e r e  
: h e r e  is about  9 p e r c e n t  of s a l e s  spen t  on R&D, down to the food b u s i -  
l e s s ,  w h e r e  on ly  about  0 .2  p e r c e n t  is  spen t  on R&D. 

C h a r t  9, page  1 6 . - - T h i s  shows  the d i s t r i b u t i o n  by c o m p a n y ,  and 
(ou wi l l  no te  that  the  l e a d e r s  spend  as m u c h  as 10 p e r c e n t ,  7 p e r c e n t ,  
~nd t h e r e a b o u t s  on R&D, and one w o n d e r s  why a l l  c o m p a n i e s  don ' t  
~pend about  the  s a m e  p e r c e n t  of s a l e s .  In fac t ,  one of the s u g g e s t i o n s  
s tha t  any  u p - a n d - c o m i n g  c o m p a n y  ought to spend  a g i v e n  p e r c e n t  of 
; a les  on R&D. S o m e  of m y  r e s e a r c h - s c i e n t i s t  f r i e n d s  a r e  the m o s t  
r o c i f e r o u s  in a r g u i n g  tha t  th is  is  the way it shou ld  be done .  

I th ink  t h e r e  a r e  s e v e r a l  s e r i o u s  o b j e c t i o n s  to tha t .  One is  tha t  the 
r o s i n e s s  of r e s e a r c h  is  of d i f f e r n t  i m p o r t a n c e  in d i f f e r e n t  a c t i v i t i e s .  
~no ther  i s  tha t  I f e e l  that  the p e r c e n t  of s a l e s  f i g u r e  has  a b u i l t - i n  p h a s e  
. r r o r .  The  t i m e  to do R&D is  b e f o r e  you have  a d rop  in s a l e s ;  not  a s ,  
.r a f t e r ,  you  have  a d rop  in s a l e s .  So th i s  p e r c e n t a g e  a p p r o a c h  to the 
r o b l e m  g u a r a n t e e s  that  y o u r  R&D is a l w a y s  l a te .  We have  to do s o m e -  
hing b e t t e r  than  tha t .  

13 



C h a r t  7 

BASIC DISCOVERY TO A 
COMMERCIAL PRODUCT 

5-YEARS ~ TRANSISTORS 
~:::; 1948-1953 

•-iil !I I 
;i~-!; ATOMIC BOMB 

6 -YEARS H 1939-1945 
, : . . . .  

12-YEARS ::~:i;:i:: TELEVISION 
1922-1934 

15-YEARS ~ o A n A D  APPLIED RESEARCH A N D  .... ~ . . . .  
ENGINEERING TIME ~ .. :..iiiiiii"::: 1925-1940 

3S-YEARS ~:":::::! ~ I;::III :~:/!:: RADIO 
.... ~'.::~ 1867-1902 

112-YEARS 

56-YEARS 
.~:::iii~i~ ::~:ii:::~i:~i::~,~: .... [ 

. : ~ ~ ' ?  TELEPHONE 
1820-1876 

~ "  PHOTOGRAPHY 
1727-1839 

l 
1700 1800 1900 2000 
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C h a r t  8 

RESEARCH INVESTMENT 
AS PER CENT OF SALES 

-- By Indust ry -  

AIRCRAFT 9.1% 

ELECTRICAL 6.6% 

INSTRUMENTS 5.3% 

CHEMICAL 

MACHINERY 

m 

m 

2.8% 

2.2% 

GENERAL MOTORS / /  1.6% 

RUBBER I I  

II 

1.1% 

PETROLEUM 0.7% 

FOOD J 0.2% 



C h a r t  9 

RESEARCH INVESTMENT 
AS PER CENT OF SALES 

--  By C o m p a n y - -  
1955 

WESTINGHOUSE 10.4% 

CURTISS-WRIGHT 7.5%* 

GENERAL ELECTRIC 5.1"1-%* 

EASTMAN KODAK 4.9% 

UNION CARBIDE 

INTERNATIONAL 
BUSINESS MACHINE 

FORD 

3.7%* 

2.8%* 

2.6% 

GENERAL MOTORS 1.6% 

CHRYSLER 

STANDARD OIL 
OF CALIFORNIA 

I i  

1.6% 

1.0%* 

*FROM COMPANY ANNUAL REPORT 

16 



C h a r t  10,  p a g e  1 8 . - - T h i s  e m p h a s i z e s  t h e  s a m e  t y p e  of  t h i n g .  You  
w i l l  n o t e  h e r e  t h e  A m e r i c a n  T e l e p h o n e  and  T e l e g r a p h  C o m p a n y  i s  t h e  
l e a d e r  w i t h  476 p h y s i c i s t s .  I t h i n k  i f  y o u  w i l l  t h i n k  o v e r  t h e  n a t u r e  o f  
t h e i r  b u s i n e s s  y o u  w i l l  e a s i l y  u n d e r s t a n d  t h i s ,  b e c a u s e  t h e i r  a c t i v i t i e s  
a r e  t h o s e  w h i c h  c a n  be  h e l p e d  b y  a g r o u p  of  w h a t  we h a v e  c o m e  to  c a l l  
" l o n g - h a i r e d "  s c i e n t i s t s  w h o  h e l p  t h e m  w i t h  t h e i r  p r o b l e m s .  

By  and  l a r g e  t h e  a u t o m o t i v e  i n d u s t r y  i s  l ow on  t h i s  l i s t ,  a n d ,  s i n c e  
I n o w  h a p p e n  to  be  i n  D e t r o i t ,  I a m  g o i n g  to  t r y  to  g i v e  y o u  s o m e  c o m -  
m e n t s  a s  to  w h y  t h i s  h a p p e n s .  

C h a r t  11,  p a g e  19. - - H e r e  i s  a l i t t l e  c h a r t  I m a d e  up to  a n s w e r  t h e  
c r i t i c i s m s  of  s o m e  of  m y  s c i e n t i f i c  and  e n g i n e e r i n g  f r i e n d s  w h e n  t h e y  
a t t a c k  m e  a b o u t  o u r  m o d e r n  c a r s .  I t h i n k  I h a v e  h a d  m o r e  f r e e  a d v i c e  
f r o m  h i g h - l e v e l  s c i e n t i s t s ,  N o b e l - p r i z e  w i n n e r s ,  and  o t h e r s  t h a n  e v e n  
G e n e r a l  M o t o r s  c o u l d  p a y  f o r  i f  I p a i d  by  t h e  h o u r  f o r  t h i s  a d v i c e .  

T h i s  c h a r t  I d r e a m e d  o v e r  a l u n c h  t a b l e .  H e r e  we s h o w ,  p l o t t e d  
v e r t i c a l l y ,  t h e  c o s t ;  of f  to  t h e  l e f t ,  t h e  s i m p l i c i t y  of  t h e  c a r ;  and  to  t h e  
r i g h t ,  t h e  v o l u m e .  A s  y o u  a l l  k n o w ,  t h e  c o s t  o f  a n  i t e m  d r o p s  w i t h  t h e  
v o l u m e ,  s o  t h a t  y o u  c a n  r u n  d o w n  t h i s  c o s t  c u r v e  and  c o m e  to  t h e  p o i n t  
m a r k e d  " L ,  " w h i c h  r e p r e s e n t s  t h e  l u x u r y  m o d e l  o f  m y  e n g i n e e r  f r i e n d s  
w a n t ,  b e c a u s e  t h e y  s a y ,  " I f  y o u  w o u l d  o n l y  t a k e  t h i s  l u x u r y  c a r  and  r e -  
m o v e  a lo t  of  t h e  c r u d  f r o m  i t ,  we  w o u l d  h a v e  a v e r y  s i m p l e  c a r  and  a 
v e r y  c h e a p  c a r  w h i c h  w o u l d  c o s t  u s  o n l y  t h e  s m a l l  a m o u n t ,  ' E  P r i m e ,  ' 
on  t h e  c h a r t .  " 

W e l l ,  h e r e  I h a v e  to  o b j e c t  a n d  s a y  t h a t  t h i s  s o u n d s  v e r y  l o g i c a l ,  
bu t  w h a t  I c a l l  t h e  t r a n s i t i o n  f r o m  " L "  to  " E  P r i m e "  h a p p e n s  to  be  a 
f o r b i d d e n  t r a n s i t i o n .  You  j u s t  c a n ' t  go  a l o n g  t h a t  l i n e ,  f o r  " E  P r i m e "  
i s  t h e  p r i c e  y o u  w o u l d  p a y  p e r  c a r  i f  y o u  w e r e  w i l l i n g  to  p l a c e  a s i n g l e  
j o b  lo t  o r d e r  f o r ,  s a y ,  2 m i l l i o n  c a r s .  Y o u  h a v e  to  a s k  f i r s t :  W h a t  
w o u l d  t h e  v o l u m e  of  s a l e s  o f  t h i s  e c o n o m y  c a r ,  r e a l l y  b e ?  

T h u s  y o u  f i n d  t h a t  y o u  h a v e t o  m o v e  up to " E  D o u b l e  P r i m e "  to  e s t a b -  
l i s h  t h e  v o l u m e ,  a n d  t h e n  y o u  b e g i n  to  s i m p l i f y  t h a t  c a r  a n d  y o u  c o m e  
d o w n  to ,  f i n a l l y ,  " E "  a s  b e i n g  t h e  p o s i t i o n  of  t h e  e c o n o m y  c a r  on  t h i s  
t h r e e - d i m e n s i o n a l  s u r f a c e .  Bu t  n o w  y o u  m a y  f i nd  t h a t  t h e  e c o n o m y  c a r ,  
" E ,  " c o s t s  a s  m u c h  a s  o r  m o r e  t h a n  t h e  l u x u r y  c a r .  

T h i s  i s  t h e  k i n d  of  p r o b l e m  y o u  f a c e  o n c e  y o u  a g r e e ,  t h a t  " t h e  
c u s t o m e r  i s  a l w a y s  r i g h t .  " A nd  t h i s  i s  w h y  I s t r e s s e d  t h a t  a f ew  m i n -  
u£es  a g o .  
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Chart i0 
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PHYSICISTS EMPLOYED BY 
VARIOUS CORPORATIONS 

NAME PHYSICISTS 
American Telephone & Telegraph Co . . . . . . . . . .  476 
Westinghouse Electric Corporation . . . . . . . . . . .  243 
Hughes Aircraft Company . . . . . . . . . . . . . . . . . .  190 

Sperry Corporation . . . . . . . . . . . . . . . . . . . . . . .  180 
Sylvania Electric ducts, Inc . . . . . . . . . . . . . . .  180 
General Electric Company . . . . . . . . . . . . . . . . . .  160 

Bendix Aviation Corporation . . . . . . . . . . . . . . .  96 
E. I. du Pont de Nemours & Company . . . . . . . . .  91 
International Business Machines . . . . . . . . . . . . .  91 

Eastman Kodak Company . . . . . . . . . . . . . . . . . .  78 
Radio Corporation of America . . . . . . . . . . . . . . .  7~t 
Union Carbide & Carbon Corporation . . . . . . . . .  68 

General Motors Corporation . . . . . . . . . . . . . . . .  57 
International Telephone & Telegraph Corp . . . . .  56 
Goodrich, B. F. Company . . . . . . . . . . . . . . . . . .  52 

Minneapolis-Honey II Reg. Company . . . . . . . .  44 
Corning Glass Works . . . . . . . . . . . . . . . . . . . . .  40 
American Cyanamid Company . . . . . . . . . . . . . .  22 

United States Steel Corporation . . . . . . . . . . . . .  21 
United States Rubber Company . . . . . . . . . . . . .  15 
Chrysler Corporation . . . . . . . . . . . . . . . . . . . . . . .  12 
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C h a r t  11 

COST 

I 
/ 

I / 
I /  
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l,, \ 
il \ \ \  
i \ 

E 

SIMPLICITY 

VOLUME 
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T o  f u r t h e r  e m p h a s i z e  t h e  k i n d  of b u s i n e s s  y o u  g e t  i n t o - - a n d  I h a v e  
c e r t a i n l y  h a d  a l i b e r a l  e d u c a t i o n  in  D e t r o i t - - I  h a v e  n a t u r a l l y  a s s u m e d  
a s  m o s t  of y o u  do ,  a n d  a s  m o s t  e n g i n e e r s  do ,  t h a t  o n e  c o u l d  u s e  a 
r a t i o n a l  a p p r o a c h  to  t h e  d e s i g n  of  a c a r .  B u t  l e t  m e  r e a d  w h a t  y o u  a r e  
u p  a g a i n s t  in  t r y i n g  to  m e e t  t h e  d e s i r e s  a n d  w i s h e s  of  t h e  c u s t o m e r .  A 
5 - y e a r  s t u d y  b y  an  a d v e r t i s i n g  a g e n c y  r e s u l t e d  in  t h e s e  f i n d i n g s :  

F o u r - f i f t h s  of a l l  a u t o m o b i l e s  a r e  b o u g h t  b y  p e o p l e  w h o ,  a t  t h e  b e g i n -  
n i n g  of t h e  y e a r ,  h a d  n o  i n t e n t i o n  of  b u y i n g  a c a r  o r  w e r e  u n c e r t a i n  a b o u t  
b u y i n g  a c a r .  

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

T h e  s u r v e y  s h o w e d  t h a t  77 p e r c e n t  of  t h o s e  q u e s t i o n e d  s a i d  t h a t  t h e y  
d i d  n o t  i n t e n d  to  b u y  d u r i n g  t h e  y e a r .  E l e v e n  p e r c e n t  of  t h e s e ,  h o w e v e r ,  
c h a n g e d  t h e i r  m i n d s  a n d  d i d  b u y ,  a n d  t h e i r  p u r c h a s e s  a c c o u n t e d  f o r  an  
a m a z i n g  48 p e r c e n t  of a l l  a u t o m o b i l e  s a l e s .  A n o t h e r  17 p e r c e n t  o f  t h e  
p e o p l e  q u e r i e d  w e r e  u n c e r t a i n  w h e t h e r  t h e y  w o u l d  b u y  c a r s  d u r i n g  t h e  
y e a r ;  b u t  32 p e r c e n t  of  t h e m  d i d  b u y ;  a n d  t h e y  a d d e d  up  to  31 p e r c e n t  o f  
t h e  a u t o m o b i l e  s a l e s .  

I think these quotes and these figures begin to give you, as they did 
me, an understanding of why the automobile business is the way it is and 
why there is so much emphasis on chrome and tail fins. It is because 
they sell the cars[ Those of us on the technical side are inclined to say 
the automobile business is about 50 percent engineering and 50 percent 
show business. People buy the cars on styling and then they complain 
about the cars based on the engineering. 

This is all very unpleasant, as you can imagine, for engineers. We 
feel that there is something wrong about having so much emphasis on 
styling. Styling is really packaging. I have puzzled about this, too, and 
one has to learn to be philosophical about this. So I say this emphasis on 
packaging, however, is really not unnatural. After all, nature does a 
pretty good job of packaging when she produces a Marilyn Monroe] 

This is a fascinating field for speculations, but I will quit these 
arguments and will turn to the question of how R~D is organized and 
managed. Let ' s  see if I have some more  charts on this. 
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C h a r t  12, p a g e  22 .  - - I  t h i n k  t h e  N e l s o n  p a p e r  t h a t  y o u  w e r e  g i v e n  to  
s t u d y  g i v e s  a n  e x c e l l e n t  c o m p i l a t i o n  of  t h e  d i f f e r e n t  t e c h n i q u e s  u s e d  b y  
d i f f e r e n t  p e o p l e  a n d  d i f f e r e n t  i n d u s t r i e s .  I t  a l s o  n i c e l y  i l l u s t r a t e s  h o w  
d i f f e r e n t  c o m p a n i e s  s t a r t  ou t  i n  t h e  R & D  b u s i n e s s  a n d ,  b y  a n d  l a r g e ,  
e n d  u p  in  e x a c t l y  t h e  s a m e  w a y .  

I h a v e  j u s t  s k e t c h e d  h e r e - - a n d  p r o b a b l y  y o u  c a n  s t u d y  t h i s  in  m o r e  
d e t a i l  l a t e r - - t h e  w a y  y o u  go  f r o m  b a s i c  r e s e a r c h  to  a p p l i e d  r e s e a r c h ,  to  
t e c h n i q u e s  d e v e l o p m e n t ,  w h i c h  i s  i m p o r t a n t ,  a n d  t h e n  m o v e  i n t o  t h e  p r o -  
d u c t - - o r i e n t e d  a r e a s .  

I won't take the time to read this now. We'll move to the next chart. 

C h a r t  13, p a g e  2 3 . - - I n  g e n e r a l ,  a n y  c o m p a n y  t h a t  s t a r t s  o u t  w i t h  
R&D e n d s  up  w i t h  s o m e  f o r m  o r  o t h e r  of  t h i s  t h i n g  w h i c h  I c a l l  an  i d e a l -  
[ zed  r e s e a r c h  a n d  d e v e l o p m e n t  l a b o r a t o r y .  M a n a g e m e n t  s i t s  a t  t h e  t o p ,  
as  u s u a l ,  a n d  a w a y  o v e r  a t  t h e  r i g h t  (on  c h a r t }  w e  h a v e  a b a s i c  r e s e a r c h  
a c t i v i t y .  T h i s  i s  u s u a l l y  o r g a n i z e d  in  l i n e  w i t h  a c a d e m i c  t r a d i t i o n  i n t o  
c h e m i s t r y ,  m e t a l l u r g y ,  p h y s i c s ,  e l e c t r o n i c s ,  a n d  s o  on .  T h i s  i s  n a t u r a l ,  
~ e c a u s e  t h e  s c h o l a r s  l i k e  t o  h a v e  s o m e b o d y  to  t a l k  t o  a n d  w i t h  t h i s  k i n d  of  
an o r g a n i z a t i o n  t h e y  c a n  t a l k  t o  e a c h  o t h e r .  T h i s  i s  t h e  w a y  i d e a s  g e t  
g e n e r a t e d .  

You start out this way, being as pure as you like in your research 

• pproach, but then you find that little warts start growing on this organ- 

Lzation of yours. Take the chemistry department. In the talking that the 
~hemists do, they come out with an idea which seems to have some com- 

mercial possibilities. Management then feeds in a little more money and 

I few more people and, out of the basic research activity, you begin to 
lave a little applied research activity. Then this one starts growing and 

~ r e t t y  s o o n  i t  g e t s  b i g  e n o u g h  s o  t h a t  y o u  m o v e  i t  o v e r  to  t h i s  n e x t  v e r t i -  
~.al c o l u m n  c a l l e d  a p p l i e d  r e s e a r c h .  Y o u  s t i l l  h a v e  i n t e r a c t i o n  b e t w e e n  
:he a p p l i e d  r e s e a r c h  p e o p l e  a n d  t h e  b a s i c  r e s e a r c h  p e o p l e ,  b u t  t h e  a p p l i e d  
r e s e a r c h  a c t i v i t y  m a k e s  m o r e  m o n e y ,  i t  i s  e a s i e r  t o  s e l l  t o  t o p  m a n a g e -  
n e n t ,  a n d ,  a s  a r e s u l t ,  i t  g e t s  b i g g e r .  A s  i t  g r o w s  i t  o v e r w h e l m s  t h e  
~as ic  r e s e a r c h  g r o u p ,  a n d  p r e t t y  s o o n  i t  b e g i n s  t o  g r o w  w a r t s  on  i t ,  t o o .  
k n d  t h e s e  a r e  on  a m u c h  l a r g e r  s c a l e .  Y o u  g e t  i n t o  m a j o r  p r o j e c t s  a n d  
n d u e  c o u r s e  y o u  l i f t  t h e s e  o u t  a n d  y o u  p u t  t h e m  o v e r  i n t o  w h a t  I c a l l  h e r e  
= [ a r d w a r e  P r o j e c t  No .  1 a n d  t h e n  H a r d w a r e  P r o j e c t  N o .  2 a n d  s o  on  d o w n  
:he line. 

N o w ,  in  t h i s  o r g a n i z a t i o n  e a c h  of  t h e  h a r d w a r e  p r o j e c t s  w o u l d  h a v e  
wi th in  t h e  n u m b e r  of  p e o p l e  w o r k i n g  on i t  s o m e  of  t h e  s a m e  k i n d  of  p e o p l e  
:hat  y o u  h a v e  o v e r  i n  b a s i c  r e s e a r c h .  Y o u  h a v e  c h e m i s t s ,  m e t a l l u r g i s t s ,  
~ h y s i c i s t s ,  e l e c t r o n i c s  p e o p l e ,  a n d  s o  on .  
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C h a r t  12 

ENGINEERING SPECTRUM 

C 7, 
- 4  

t O  
t O  

STATE OF THE ART 

~ Primary interest to obtain new knowledge. Generally 
Basic motivated by attempt to answer questions. Gen- 
Research ~ erally not motivated by any very specific product 

! requirements. 

Primary interest to apply new knowledge to specific 
Applied product requirement. Generally motivated by a 
Research '~ product deficiency or the desire to find new prod- 

! ucts.  

Primary interest to learn to use new knowledge in a 
Techniques practical, everyday manner. Generally motivated by 
Development') a product deficiency or the desire to find new 

! products. 

PRODUCT-ORI ENTED 

Primary interest to design a new product on an 
New-Product established schedule at a specified cost and for a 
Development definite purpose. 

Product ~ Primary interest to provide the customer or the 
Improvement ~ factory with better or cheaper products. 

Production ~ Primarily interested in methods rather than in the 
Encj;neerincj ~ nature of the product. 
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I th ink m a n y  c o m p a n i e s  have  m a d e  what I c o n s i d e r  an  e r r o r  in 
l e a v i n g  a l l  the w o r k i n g  peop l e  o v e r  in the b a s i c  r e s e a r c h  o r  the  app l i ed  
r e s e a r c h  a r e a s  and then  pu t t ing  a p r o j e c t  l e a d e r  in c h a r g e  of a h a r d -  
w a r e  a c t i v i t y - - P r o j e c t  No. 1, fo r  e x a m p l e - - b u t  not g iv ing  h i m  any  
pe op l e .  So he  is  in c h a r g e  of a p r o j e c t  but h i s  job is to " c o o r d i n a t e "  
a c t i v i t i e s  in the w o r k i n g  d e p a r t m e n t s  of m a i n l y  app l i ed  r e s e a r c h  and 
s o m e  b a s i c  r e s e a r c h .  Th i s  d o e s n ' t  work  w o r t h  a d a m n ,  as  a m a t t e r  of 
fac t ,  b e c a u s e  the peop l e  o v e r  in app l i ed  r e s e a r c h  a r e  a l l  b u s y  wi th  t h e i r  
own p r o b l e m s  and have  no i n t e n t i o n  of d r o p p i n g  what  t hey  a r e  do ing  to 
w o r k  fo r  s o m e b o d y  e l s e .  The  only  way to push  t h r o u g h  a p r o j e c t  i s  to 
g ive  the p r o j e c t  l e a d e r  a g roup  of h i s  own peop le ,  d i s t r i b u t e d  as  n e c e s -  
s a r y  t h r o u g h  t h e s e  d i f f e r e n t  f i e l d s  of t e c h n o l o g y  b u t - - t h i s  is  v e r y  i m -  
p o r t a n t - - b a c k e d  up with a lot of s u p p o r t i n g  peop l e .  Thus  h a r d w a r e  
p r o j e c t s  would have  a few s c i e n t i s t s  and h igh ly  s k i l l e d  e n g i n e e r s  and a 
lot  of s u p p o r t i n g  peop l e ,  w h e r e a s ,  by and l a r g e ,  app l i ed  r e s e a r c h  would 
h a v e  lo t s  of h i g h l y  s k i l l e d  peop l e  and r e l a t i v e l y  few s u p p o r t i n g  p e o p l e .  
As you go o v e r  to b a s i c  r e s e a r c h ,  t hen  you would have  i n d i v i d u a l  c r e a -  
t iv i ty ,  w h e r e  you would have  r e l a t i v e l y  m o r e  h i g h - l e v e l  s c i e n t i s t s  and 
c r e a t i v e  e n g i n e e r s  and l e s s  s u p p o r t  in the l ine  of a d d i t i o n a l  l o w - l e v e l  
p e o p l e .  

T h e r e  is  only  one r u l e  that  I know of to get  h a r d w a r e  p r o j e c t s  pushed  
t h r o u g h  and that  is  put the  p r o j e c t  in c h a r g e  of "a v e r y  good m a n  with a 
p o c k e t  fu l l  of m o n e y .  " I t ' s  the on ly  way y o u ' l l  get  the job done .  

C h a r t  14, page  25. - - N o w ,  we get  in to  what  I c a l l  the t r a n s i t i o n  p r o b -  
l e m .  You m o v e  f r o m  r e s e a r c h  to e n g i n e e r i n g  and to p r o d u c t i o n .  You 
s t a r t  with an a c t i v i t y  which  was  u s u a l l y  h a t c h e d  in the r e s e a r c h  l a b o r a -  
t o r y  w h e r e  a few p e o p l e  t h e r e  got devo ted  to it and b e l i e v e d  in  it .  One 
of the o t h e r  s t u m b l i n g  b l o c k s  in i n d u s t r i a l  and m i l i t a r y  R&D is  the  b u s i -  
n e s s  of t ak ing  a p r o j e c t  which  a c e r t a i n  g roup  of r e s e a r c h  peop le  b e l i e v e  
in w h o l e h e a r t e d l y  and t r a n s f e r r i n g  it o v e r  to a p r o d u c t i o n  o r g a n i z a t i o n .  
You then  r u n  into what  is  c l a s s i c a l l y  known as the NIH p r o b l e m ,  wh ich  
m e a n s  "Not  i n v e n t e d  h e r e .  " If the  peop le  in the app l i ed  end of t h i s - - t h e  
e n g i n e e r i n g  and p r o d u c t i o n  p e o p l e - - d i d n ' t  get  the i dea  t h e m s e l v e s ,  
o b v i o u s l y  it c a n ' t  be any  good.  F o r  th i s  r e a s o n  it is  a l m o s t  i m p o s s i b l e  
to t r a n s f e r  the r e s e a r c h  idea  t h r o u g h  e n g i n e e r i n g  and f i n a l l y  in to  p r o -  
duc t i on .  
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I th ink  the c l a s s i c  s o l u t i o n  to th i s  p r o b l e m  is  to bui ld  up y o u r  
r e s e a r c h  g roup ,  once  y o u ' v e  got a s m a l l  g roup  t h e r e  d e d i c a t e d  to the 
p r o j e c t ,  p r e f e r a b l y  add ing  peop le  with e n g i n e e r i n g  b a c k g r o u n d  and even  
f r o m  p r o d u c t i o n ,  and feed  t h e s e  peop le  in e a r l y ,  in o r d e r  tha t  you can  
beg in  to get  t h e i r  e x p e r i e n c e  and t h e i r  p h i l o s o p h y  into  the  d e s i g n  of the 
gadge t  wh ich  the r e s e a r c h  p e o p l e  a r e  m a k i n g .  T h e n ,  as  the  p r o j e c t  
a p p r o a c h e s  the h a r d w a r e  s t a g e ,  I th ink  the i d e a l  s o l u t i o n  is  to sp l i t  th i s  
new r e s e a r c h  g r o u p .  P u s h  the  c r e a t i v e  peop l e  back  into r e s e a r c h  to 
d r e a m  up new i d e a s ;  then  put a new m a n  in c h a r g e  of the r e m a i n d e r  and 
m o v e  h i m  o v e r  in to  the e n g i n e e r i n g  a c t i v i t y .  If he  is  the r i g h t  kind of 
m a n ,  le t  h i m  fo l low the d e v e l o p m e n t  a l l  the way t h r o u g h  e n g i n e e r i n g  and 
in to  p r o d u c t i o n .  

I c a l l  th i s  the t r a n s i t i o n  p r o b l e m  in R&D and it i s  a v e r y  d i f f i cu l t  
one ,  and one which  has  not  ye t  been  i d e a l l y  s o l v e d ,  by any  m e a n s .  

C h a r t  15, page  2 7 . - - T h i s  s h o w s  how a c o m p a n y  m i g h t  be p l a n n i n g  
fo r  g r o w t h .  You wi l l  s e e  tha t  in s u c h  p l ann ing  you  have  as  a b a s i s  y o u r  
c o m p a n y  s a l e s ,  u s u a l l y  a s a l e s  c u r v e  with v io l en t  f l u c t u a t i o n s  in it .  One 
of the  p r o b l e m s  is  to i n s u l a t e  y o u r  e n g i n e e r i n g  and R&D e f fo r t  f r o m  the 
f l u c t u a t i o n s  in the s a l e s  c u r v e .  The  p r e d i c t i o n  fo r  c o m p a n y  s a l e s  in-  
c r e a s e  in th i s  c h a r t  is  10 p e r c e n t  p e r  y e a r ,  and y o u r  e n g i n e e r i n g  budge t  
and y o u r  e n g i n e e r i n g  f a c i l i t i e s ,  and so on, shou ld  p r e s u m a b l y  go up at 
t h i s  r a t e .  But th i s  r a r e l y  h a p p e n s .  The  p r a c t i c a l  p r o b l e m  is  to keep  
the  m o n e y  c o m i n g  fo r  e n g i n e e r i n g  and R&D, and it ha s  to be,  u s u a l l y ,  
at a s o m e w h a t  l o w e r  r a t e  than  the  g r o w t h  of the c o m p a n y .  The m o n e y  
fo r  R&D i n v a r i a b l y  l a g s ,  r a t h e r  than  l e a d s ,  the s a l e s  a c t i v i t y .  

C h a r t  16, page  2 8 . - - T h i s  s h o w s ,  I th ink ,  why s u c h  a s i t u a t i o n  should  
e x i s t .  You wi l l  no te  h e r e  that  t h i s  is  fo r  c o r p o r a t e  b u s i n e s s  as  a whole .  
The  p r o f i t s  a f t e r  t a x e s  is  the  l o w e r  l ine ,  which  is  p r a c t i c a l l y  h o r i z o n t a l .  
T a x e s  r i s e  s l i g h t l y ,  but the c o m p e n s a t i o n  fo r  e m p l o y e e s  r i s e s  v e r y  r a p -  
id ly  i n d e e d .  By and l a r g e ,  e v e r y b o d y  who w r i t e s  on th is  s u b j e c t  s e e m s  
to be c o n v i n c e d  that  c o r p o r a t i o n s  ought  to be s p e n d i n g  m o r e  m o n e y  fo r  
R&D. But r e m e m b e r ,  it  c o m e s  out of the l o w e r  l ine ,  and th i s  is  one 
r e a s o n  why it i s  so  d i f f i cu l t  f o r  t h o s e  of us  in the  R&D b u s i n e s s ,  and 
t h o s e  of us who b e l i e v e  in it  and t r y  to s e l l  it ,  to t r y  to s q u e e z e  out th is  
m o n e y .  In i n d u s t r y  I have  l e a r n e d  that  you do w o r k  v e r y  d e f i n i t e l y  with 
h a r d  m o n e y ;  not with the p a p e r  m o n e y  tha t  you w o r k  with on g o v e r n m e n t  
c o n t r a c t s .  

26 



Chart  15 

- , ,1 

ENGINEERING FOR GROWTH 

$I00 M 

~.~.%.. 

z .  '~-'~'" ~\ i~  . .  
~ ~ ~ - - . , ~ . ~  "" "" 2oo 

,. ~ . ~ . . . = ' - ~ " ' ~ ,  ' "  11o o ~ 

200 ~ %'b~''- - 40 

I00 K ~  - I0 

50 

I0 " - - - - - - J  I L_.__.._.I L___-L-- - - . - - - -  
1940 1945 1950 1955 1960 1965 19TO 19T5 

SOURCE: The Mana~lement of Scientific Manpower, AMA 

( , 



C h a r t  16 

~°°i 

--4 

t ~  



C h a r t  17, p a g e  30.  - - T h i s  e m p h a s i z e s  t h e  s a m e  t h i n g  s t i l l  f u r t h e r .  
T h e  u p w a r d  c u r v e  s h o w s  t h e  a v e r a g e  w e e k l y  w a g e  in  the  D u p o n t  C o m -  
p a n y .  T h e  s e c o n d  c u r v e  s h o w s  w h o l e s a l e  p r i c e s  o t h e r  t h a n  f a r m  p r o d -  
u c t s .  T h e  n e x t  o n e  s h o w s  t h e  m a t e r i a l s  c o s t  t h a t  go  i n t o  t h e  p r o d u c t ,  
a n d  t h e  l o w e r  s o l i d  l i n e  s h o w s  t h e  s a l e s  p r i c e .  So t h e  p r o b l e m  f o r  t h e  
r e s e a r c h  m a n  in  i n d u s t r y  i s  n o t  o n l y  to  m a k e  a b e t t e r  p r o d u c t  b u t  to  
m a k e  a b e t t e r  p r o d u c t  w h i c h  c a n  be  s o l d  in  v o l u m e  at  a l o w e r  p r i c e .  
A n d  t h i s  i s  a t o u g h  o r d e r  i n d e e d .  

R e t u r n i n g  n o w  to  m y  a s s i g n e d  o u t l i n e ,  we h a v e  a l r e a d y  t a l k e d  a b o u t  
s o m e  of  t h e  p r o b l e m  a r e a s  in  R&D.  I t h i n k  one  m e n t i o n e d  h e r e  i s  c o s t ,  
w h i c h  I h a v e  d i s c u s s e d .  T h e  n e x t  i m p o r t a n t  p r o b l e m  a r e a  i s  p e r s o n n e l .  
I c o u l d  t a l k  l o n g  on  t h i s  s u b j e c t ,  b e c a u s e  t he  h a n d l i n g  of  p e r s o n n e l  i s  a 
v e r y  c o n t r o v e r s i a l  s u b j e c t  i n  R&D b u s i n e s s .  I t h i n k  t h e  r e a s o n  f o r  t h i s  
i s  t h a t  f o r  a p p l i e d  R&D y o u  h a v e  to h a v e  a n  o b j e c t i v e  in  m i n d .  T h i s  
a p p l i e s  to  i n d u s t r i a l  o r  m i l i t a r y  R&D.  A n d  y o u r  p e o p l e  h a v e  to  be  d e d i -  
c a t e d  to  t h a t  o b j e c t i v e .  At  t h e  s a m e  t i m e ,  a s  y o u  a l l  k n o w  f r o m  y o u r  
g e n e r a l  r e a d i n g ,  t h e  s c i e n t i s t  i n s i s t s  o n  f r e e d o m  to e x p l o r e  in  a n y  and  
a l l  d i r e c t i o n s .  T h i s  s e e m s  to  b e  a v e r y  b a s i c  c o n t r a d i c t i o n .  

I t h i n k  t h o s e  o f  u s  who  h a v e  b e e n  in  t h e  r e s e a r c h - d i r e c t o r  b u s i n e s s  
a r e  n o t  n e a r l y  s o  c o n c e r n e d  a b o u t  t h i s  a s  a r e  t h e  p e o p l e  who  s p e c i a l i z e  
i n  a d m i n i s t r a t i o n - - s a y  b u s i n e s s  a d m i n i s t r a t i o n  s t u d e n t s  and  w r i t e r s .  
A n d  I t h i n k  t h e r e  i s  a g o o d  r e a s o n  f o r  t h i s .  T h o s e  of  u s  in  t h e  b u s i n e s s  
r e c o g n i z e  t h a t  we a r e ,  s o  t o  s p e a k ,  a t  t h e  s a m e  t i m e  t h e  c h a i r m a n  of  
t h e  d e p a r t m e n t ,  a s  f a r  a s  o u r  b a s i c  s c i e n c e  p e o p l e  a r e  c o n c e r n e d ,  and  
t h e  c h i e f  e n g i n e e r ,  a s  f a r  a s  t h e  a p p l i e d  a c t i v i t i e s  a r e  c o n c e r n e d .  V e r y  
o f t e n  we  h a v e  s c i e n t i s t s  w o r k i n g  on e n g i n e e r i n g  p r o j e c t s ,  and  t h e n  t h e y  
a r e  d a m n  w e l l  d i r e c t e d .  On  t h e  o t h e r  h a n d ,  we m i g h t  h a v e  e n g i n e e r s  
w h o  a r e  o f f  on  a n  e x c u r s i o n ,  w o r k i n g  in  b a s i c  s c i e n c e ,  s o  to  s p e a k ,  and  
u n d e r  t h o s e  c o n d i t i o n s  t h e y  a r e  n o t  d i r e c t e d .  T h o s e  o f  u s  i n  t h e  b u s i n e s s  
u s u a l l y  k n o w  w h i c h  k i n d  of  p r o j e c t  a m a n  i s  w o r k i n g  on ,  and  i t  d o e s n ' t  
c a u s e  u s ,  o r  h i m ,  a n y  g r e a t  c o n c e r n  a s  to  w h e t h e r  h e  i s  o r  s h o u l d  be  
d i r e c t e d .  T h e  w r i t e r s  o n  b u s i n e s s  a d m i n i s t r a t i o n ,  h o w e v e r ,  a r e  f o r -  
e v e r  c o n f u s e d  b y  t h i s  p a r t i c u l a r  p r o b l e m  o f  h o w  y o u  m a n a g e  to  s e t  a n  
o b j e c t i v e  and  y e t  g i v e  f r e e d o m  to  y o u r  p e o p l e .  S c i e n t i s t s ,  by  and  l a r g e ,  
a r e  i n d i v i d u a l i s t s ,  p a r t i c u l a r l y  t h e  c r e a t i v e  o n e s ,  and  t h e s e  a r e  t h e  
p e o p l e  we m u s t  w o r k  w i t h .  
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Let me just give you one more comment on costs. [ think you 
will enjoy this. After all I have told you about costs and the difficulty of 
making up the budget and the evaluation, and so on, I thought you would 
enjoy hearing this conclusion from one of the fellows at G. E. I'll read 

you a little poem: 

I multiply your projects by the words I can't pronounce, 
And weigh your published papers to the nearest half-an-ounce; 

I add a healthy bonus for research that's really pure 
(And if it's also useful, your job will be secure. ) 
I i n t e g r a t e  y o u r  pa ten t  r a t e  upon a m o n t h l y  b a s i s  
And I f i gu re  w h a t  y o u r  p l ace  in the r a c e  to c o n q u e r  s p a c e  is ;  
Your  s c i e n t i f i c  s t a t u r e  I we igh  upon s o m e  s c a l e s  
Whose  f ina l  c a l i b r a t i o n  is the  c o m p a n y ' s  n e t - t o - s a l e s .  
And so I c r e a t e  n u m b e r s  w h e r e  t h e r e  w e r e  none  be fo r e ;  
And thus  have  fac t s  and f i g u r e s  and f o r m u l a s  g a l o r e - -  
And t h e s e  v o l u m e s  of s t a t i s t i c s  m a k e  the whole  th ing v e r y  c l e a r :  
Our  r e s e a r c h  should  cos t  exac t l y  what  w e ' v e  budge ted  th is  y e a r .  

Now I want  to t u r n  s e r i o u s l y  to the q u e s t i o n  of the c o n t r i b u t i o n  of 
R&D to our  na t i ona l  s e c u r i t y .  You have  a l r e a d y  r e a d  the a r t i c l e  by 
Ne l son .  I would c i t e  for  you a coup le  m o r e  which I c o n s i d e r  p a r t i c u l a r l y  
i m p o r t a n t .  One is  by C h a r l e s  Hi tch,  " R e s e a r c h  and D e v e l o p m e n t  and 
Its Impac t  on the E c o n o m y ,  " Na t iona l  Sc i ence  F o u n d a t i o n  P u b l i c a t i o n  
58-36.  It m i g h t  be wor th  r e a d i n g  one of h i s  s t a t e m e n t s  which  I th ink  

c o m e s  to the point  of a v e r y  b a s i c  q u e s t i o n .  

" J u d g i n g  f r o m  the p r e s s ,  t h e r e  is  g e n e r a l  a g r e e m e n t  that  a l l  i s  not 
wel l  with 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 .  And again ,  judging  f r o m  
the p r e s s ,  t h e r e  is  r a t h e r  s u r p r i s i n g  u n a n i m i t y  in d i a g n o s i n g  what  i s  
wrong .  A p a r t  f r o m  a s m a l l  but d i s t i n g u i s h e d  group of d i s s e n t e r s ,  
m a i n l y  f r o m  s c i e n c e  and i n d u s t r y ,  p r a c t i c a l l y  e v e r y o n e  c h a r g e s  that  
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  is  u n c o o r d i n a t e d  and i n a d e q u a t e l y  
p l anned  and p lagued  by dup l i ca t i on ,  c o m p e t i t i o n ,  s e c r e c y ,  and w a s t e .  
The  r e m e d i e s  a r e  a l l e g e d  to be obv ious .  T h e r e  m u s t  be s t r o n g  c e n t r a l  
d i r e c t i o n  and c o o r d i n a t i o n ,  m o r e  and b e t t e r  c e n t r a l  p lanning ,  t ough-  
m i n d e d  d e c i s i o n s  to e l i m i n a t e  dup l i ca t i on ,  s u p p r e s s i o n  of i n t e r s e r v i c e  
and o t h e r  c o m p e t i t i o n ,  p r o b a b l y  s o m e  c z a r s  to knock  h e a d s  t o g e t h e r .  " 

Now l e t ' s  t ake  a h a r d  look at the c h a r a c t e r  of r e s e a r c h  and d e v e l o p m e n t  
in the c o m p e t i t i v e  e c o n o m y .  It i s  not  c o o r d i n a t e d ,  t h e r e  is  no c e n t r a l  
p l ann ing  o r  d i r e c t i o n ,  t h e r e  a r e  no c z a r s ,  t h e r e  is  no weed ing  out of un-  
p r o m i s i n g  p r o j e c t s  at any h i g h e r  l e v e l  than  the  i n d i v i d u a l  c o m p e t i t i v e  
f i r m .  T h e r e  is  i n t e n s e  c o m p e t i t i o n ,  a c c o m p a n i e d  by s e c r e c y  and 
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poach ing ,  an  e n o r m o u s  a m o u n t  of d u p l i c a t i o n  and,  f r o m  the v a n t a g e  
point  of h inds igh t ,  m u c h  obvious  a p p a r e n t  w a s t e .  In fac t ,  in a d d i t i o n  
to the  lack  of c o o r d i n a t i o n  a m o n g  f i r m s ,  a good m a n y  c o m p a n i e s  no t ed  
for  t h e i r  a c h i e v e m e n t s  in R & D - - f o r  e x a m p l e ,  Be l l  L a b o r a t o r i e s ,  G. E . ,  
R a d i o  C o r p o r a t i o n  of A m e r i c a ,  and D u p o n t - - d e l i b e r a t e l y  d e c e n t r a l i z e  
c o n t r o l  of r e s e a r c h ,  e ach  l a b o r a t o r y  r e c e i v i n g  a b lock  budge t  wi th in  
which  it has  c o m p l e t e  f r e e d o m  and r e s p o n s i b i l i t y .  

I th ink  th is  i s  w o r t h  p o n d e r i n g ,  b e c a u s e  h e r e  we have  a l l  the  c r i t i -  
c i s m  of the m i l i t a r y  R&D p r o g r a m  b e c a u s e  it is  not  c e n t r a l i z e d ,  ye t  we 
b r a g  about  (and I th ink ,  c o r r e c t l y )  the a c h i e v e m e n t s  of p r i v a t e  i n d u s t r y  
w h e r e  we do not  h a v e  c e n t r a l i z e d  d i r e c t i o n ,  and w h e r e  we c e r t a i n l y  have  
a lot of d u p l i c a t i o n  and a p p a r e n t  w a s t e .  Th i s  can  be u n d e r s t o o d  only  if 
we th ink  h a r d  about  what  the m o t i v a t i o n s  a r e  and what  the c o n t r o l s  a r e .  

The  g r e a t  a d v a n t a g e  that  p r i v a t e  i n d u s t r y  has  is  a l w a y s  the  b a l a n c e  
s h e e t  at the end of the  y e a r .  In p r i v a t e  i n d u s t r y  you  can  do a n y t h i n g  so 
long as  you c o m e  out with a p ro f i t  at the end of the y e a r ,  and it s h o w s  up 
on the p ro f i t  and l o s s  s t a t e m e n t .  

In the m i l i t a r y  and the g o v e r n m e n t  b u s i n e s s  you  don ' t  have  th i s ,  and 
I th ink  th i s  i s  the r e a s o n  fo r  a l l  of the p r e s s u r e  fo r  c e n t r a l i z e d  a u t h o r i t y  
and p l ann ing .  

My own feeling is that there is room for improvement if we can 
somehow get the user into the act a little more effectively. I am think- 
ing here of the military as the user. My worry is that the competition 
that exists is not competition in producing the best product or even in 
selling that best product to the final user, the military combat people. 
The competition, as things have worked out, is in selling the contract 
to the financial people, and this is an entirely different technique. It 
is troublesome because neither the industry, which is in the business, 
nor the user is happy with this deal. The number of actual useful com- 
bat devices that we have turned out in the last decade is really disap- 
pointing indeed, and very small compared with what was done during 
the war, for example, with much less money. 

So m y  hope would be that  s o m e h o w  or  o t h e r  we could  get  the 
m i l i t a r y  back  into  the n o r m a l  b u s i n e s s  of be ing  c o m b a t  peop le  and 
c h o o s i n g  t h e i r  own w e a p o n s .  I th ink  they  have  a r i g h t  to p ick  t h e i r  own 
w e a p o n s ,  and I th ink  t hey  ought  to be v e r y  c h o o s y  about  the w e a p o n s  they  
get .  T h e y  should  not ,  h o w e v e r ,  be in the b u s i n e s s  of t e l l i n g  c i v i l i a n  
g r o u p s  how to m a k e  those  w e a p o n s .  If we could  s o r t  out t h e s e  two 
func t i ons  I th ink  it would be he lp fu l .  
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I r e m e m b e r  b a c k  d u r i n g  t h e  w a r  t h a t  we a l w a y s  u s e d  to  h a v e  a r g u -  
m e n t s  w i t h  o u r  m i l i t a r y  c o u n t e r p a r t s .  We w o u l d  s a y ,  " We n e e d  f r o m  
t h e  m i l i t a r y  a s t a t e m e n t  of  t h e i r  p r o b l e m s  and  t h e i r  r e q u i r e m e n t s  and  
t h e i r  n e e d s ,  b u t  t h e y  s h o u l d n ' t  t e l l  u s  how to m a k e  t h e  g a d g e t s . "  I 
s t i l l  t h i n k  t h i s  i s  w h e r e  one  s h o u l d  d r a w  t h e  d i v i d i n g  l i n e  in  t h e  p l a n -  
n i n g  t h a t  i s  d o n e .  

We h a v e  t a l k e d  q u i t e  a b i t  a b o u t  l e a d  t i m e ,  and  I w o u l d  l i k e  to  c i t e  
f o r  y o u  a n o t h e r  a r t i c l e  w h i c h  I c o n s i d e r  q u i t e  i m p o r t a n t  i n  t h i s  a r e a .  It  
i s  a p a p e r  b y  E l l i s  J o h n s o n ,  a n d  i t  i s  in  t h e  O p e r a t i o n s  R e s e a r c h  
M a g a z i n e  o f  J a n u a r y - F e b r u a r y  1958 .  He  a n a l y s e s  t h e  r e a s o n s  f o r  t h e  
l ong  l e a d  t i m e  w h i c h  we h a v e  b e g u n  to  l i v e  w i t h  in  o u r  m i l i t a r y  d e v e l o p -  
m e n t s .  He  s t r e s s e s  a l s o  t h e  l a r g e  n u m b e r  o f  t e c h n i c a l  c h o i c e s  w h i c h  
a r e  now  a v a i l a b l e  to  t h e  p e o p l e  w h o  h a v e  to  m a k e  t h e s e  d e c i s i o n s .  T h e  
n u m b e r  of  t e c h n i c a l  c h o i c e s  m e a n s  t h a t  i t  i s  v e r y  h a r d  f o r  a n y o n e  e x -  
c e p t  a p r o f e s s i o n a l  i n  t h e  b u s i n e s s  to  r e a l l y  a p p r e c i a t e  t h e  p r o s  and  c o n s  
a nd  r e l a t i v e  w e i g h t s  to  g i v e  to  t h e s e  t e c h n i c a l  f a c t o r s  t h a t  e n t e r  i n t o  t h e  
d e s i g n .  T h i s  i s  w h y  I a m  i n c l i n e d  to a g r e e  w i t h  E l l i s  J o h n s o n  t h a t  we 
n e e d  m o r e  p r o f e s s i o n a l i s m  in  t h i s  a r e a .  J o h n s o n  s t r e s s e s  t oo  t h e  q u e s -  
t i o n  o f  i n c e n t i v e s ,  a n d  h e r e  i s  a n  a r e a  w h i c h  I w o u l d  l i k e  to  u r g e  t h e  
I n d u s t r i a l  C o l l e g e  to  l o o k  a t  v e r y  s e r i o u s l y .  

T h e  i n c e n t i v e  s y s t e m ,  w h i c h  I t h i n k  s e r v e d  t h e  U n i t e d  S t a t e s  s o  
w e l l  f r o m  t h e  t i m e  of  t h e  R o b b e r  B a r o n s  o n  to  a b o u t  1930,  i s  n o w  g o n e .  
We  h a v e  a n  e n t i r e l y  d i f f e r e n t  g o v e r n m e n t a l  m e c h a n i s m .  A n d  t h e  t h i n g  
t h a t  w o r r i e s  m e  in  l o o k i n g  d o w n  i n t o  t h e  f u t u r e  i s  no t  t h e  c o n f l i c t  of  
R u s s i a  a s  a r e p r e s e n t a t i v e  o f  M a r x i s m  and  t h e  U n i t e d  S t a t e s  a s  t he  
e x p o n e n t  o f  c a p i t a l i s m .  I t h i n k  t h e  p r o b l e m  i s  a v e r y  m u c h  m o r e  
d a n g e r o u s  and  a m u c h  m o r e  f u n d a m e n t a l  o n e .  It i s  t h a t  t h e  c o m p e t i -  
t i o n  i s  n o w  b e t w e e n  t h e  R u s s i a n  i n c e n t i v e  s y s t e m  and  t h e  A m e r i c a n  
i n c e n t i v e  s y s t e m .  We b o t h  u s e  i n c e n t i v e  s y s t e m s .  T h e i r ' s  i s  on  t h e  
w a y  up;  o u r ' s  i s  o n  t h e  w a y  d o w n .  A s  a n  e n g i n e e r  and  a s c i e n t i s t ,  I 
t h i n k  t r e n d s  a r e  e v e r  s o  m u c h  m o r e  i m p o r t a n t  t h a n  i n s t a n t a n t e o u s  
v a l u e s .  T h i s  i s  t h e  ~hing w h i c h  I t h i n k  t h e  I n d u s t r i a l  C o l l e g e  g r o u p  
h e r e  o u g h t  t o  t h i n k  v e r y  h a r d  a b o u t .  

Now,  I h a v e  a f e w  m o r e  c h a r t s  t h a t  I w o u l d  l i k e  to  s h o w  to ,  I h o p e ,  
e m p h a s i z e  t h i s  p o i n t  a l i t t l e  b i t  f u r t h e r .  

C h a r t  18,  p a g e  3 4 . - - T h i s  h a p p e n s  to  be  a p o p u l a t i o n  c u r v e  w h i c h  
m a n y  o f  y o u  h a v e  s e e n .  T h e  p o p u l a t i o n  of  t h e  w o r l d  f r o m  p r e h i s t o r i c  
t i m e s  up  to  a b o u t  1700,  o r  t h e r e a b o u t s ,  g r e w  to  a b o u t  o n e - h a l f  b i l l i o n  
p e o p l e .  F r o m  t h e r e  on  i t  h a s  b e e n  g r o w i n g  r a p i d l y  i n d e e d .  It i s  c a l l e d  
a p o p u l a t i o n  e x p l o s i o n .  N o w ,  I l i k e  to  n e e d l e  m y  s o c i o l o g i s t s  a n d  
p o l i t i c a l - s c i e n t i s t  f r i e n d s  by  t h e  n e x t  c h a r t .  
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C h a r t  19, page  3 6 . - - H e r e  at the b o t t o m  I show you the h u m a n i t y  
c o n t r i b u t i o n ,  b e c a u s e  tha t  h a s n ' t  changed  v e r y  m u c h  s i n c e  e a r l i e s t  
h i s t o r y  up to 1700; and then  the t e c h n o l o g y  c o n t r i b u t i o n  s i n c e  about  
1700 up to the p r e s e n t  t i m e .  I th ink  th i s  is  an a p p r o p r i a t e  p r e s e n t a t i o n  
of the s i t u a t i o n ,  b e c a u s e ,  by and l a r g e ,  the h u m a n i s t s ,  as  I l ike  to ca l l  
t h e m ,  and the e d u c a t o r s ,  and so  on, s t i l l  c a n ' t  be b o t h e r e d  about  l e a r n -  
ing enough  about  s c i e n c e  to c o n t r o l  it and to gu ide  i t s  d e v e l o p m e n t .  We 
a r e  l iv ing  in a t e c h n o l o g i c a l  s o c i e t y ,  but a p p a r e n t l y  nobody,  e x c e p t  the 
e n g i n e e r s  and s c i e n t i s t s ,  a r e  s u p p o s e d  to w o r r y  about  th is  th ing.  And 
I th ink  th is  is  a f u n d a m e n t a l  w e a k n e s s  in o u r  se tup .  

C h a r t  20, page  3 7 . - - T h i s  is  the way I h a v e  t r i e d  to p r e s e n t  what  I 
s e e  going on. Suppose  you plot  p r o g r e s s  o r  i n c r e a s e  in the s t a n d a r d  of 
l i v ing  in the u p w a r d  d i r e c t i o n ,  and plot  t i m e  off to the r igh t .  By and 
l a r g e ,  s c i e n t i s t s  and e n g i n e e r s  s e e  the v e r t i c a l  s t e p s ,  and the l a r g e  
a m o u n t  of e f fo r t  and e n e r g y  that  has  to go into m a k i n g  th is  p r o g r e s s  and 
m a k i n g  the  i m p r o v e m e n t s .  The  e d u c a t o r s  and the h u m a n i s t s ,  who c a n ' t  
be b o t h e r e d  with l e a r n i n g  any th ing  about  s c i e n c e ,  look at it f r o m  the 
u p p e r  d i r e c t i o n ,  and t hey  s e e  th i s  p r o g r e s s  m e r e l y  as  a s e r i e s  of t ab -  
l e a u s .  E a c h  t a b l e a u - - t h a t ' s  the s t a i r  s t e p - - s h o w s  a p r o g r e s s i v e  i m -  
p r o v e m e n t  in the  s t a n d a r d  of l iv ing ,  and they  s e e m  to take  it fo r  g r a n t e d  
that  th i s  wi l l  con t inue  with t i m e  and e x t r a p o l a t e  in to  the g l o r i o u s  
f u t u r e .  

I r e m i n d  you of s o m e  of t h o s e  f i r s t  e h a r t s t h a t  I s h o w e d ,  w h e r e  
R&D, if con t i nued  at the p r e s e n t  r a t e ,  would a b s o r b  a l l  of the w o r k i n g  
popu la t i on  of the Uni ted  S ta te s  fo r  the e l e c t r i c a l  i n d u s t r y  a lone ,  if we 
a r e  go ing  to c o n t i n u e  at the p r e s e n t  r a t e .  

T h e s e  a r e  the th ings  which  m e a n  that  th is  p r o c e s s  m u s t  c o m e  to an 
end; but ,  f r a n k l y ,  I don ' t  s e e  any e c o n o m i s t s  w o r r y i n g  about  it  m o r e  
than s a y i n g  tha t  t h e r e  is  a 2 .5  p e r c e n t  i n c r e a s e  p e r  y e a r  in l a b o r  p r o -  
d u c t i v i t y ,  that  th is  has  con t i nued  for  the pas t  10 y e a r s ,  and that  we 
a s s u m e  it wi l l  c o n t i n u e  in the f u t u r e .  By what r i g h t  do the e c o n o m i s t s  
a s s u m e  th i s  wi l l  c o n t i n u e  in the f u t u r e  ? It ha s  t a k e n  an e n o r m o u s  in -  
c r e a s e  in R&D to m a i n t a i n  th i s  r a t e .  F u r t h e r m o r e ,  " l a b o r  p r o d u c t i -  
vi ty ,  " as  a l l  of us know,  is  not  an i n c r e a s e  in the p r o d u c t i v i t y  of the  
l a b o r e r .  L a b o r  p r o d u c t i v i t y  is  an i n c r e a s e  in the too ls  which  have  b e e n  
p r o v i d e d  to the l a b o r e r .  L a b o r  p r o d u c t i v i t y  i t s e l f  has  b e e n  go ing  down,  
what  with co f fee  b r e a k s  and a l l  of the o t h e r  th ings  which  have  g o t t e n  into  
the p i c t u r e .  
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So m y  c o n c e r n  h e r e  i s  t h a t  t h e  e c o n o m i s t s  and  t h e  l a w y e r s  a r e  
v e r y  m u c h  a l i k e ,  in  t h a t  t h e y  h a v e  e y e s  o n l y  in  t h e  b a c k  of  t h e i r  h e a d s .  
If t h e r e  i s  a n y t h i n g  t h a t  n e e d s  d o i n g  i t  i s  f o r  a n e w  g r o u p  of  p e o p l e  to  
s t a r t  t a k i n g  a l o o k  a t  o u r  s o c i e t y  and  o u r  e c o n o m i c  s y s t e m  to  s e e  w h a t  
i t  i s  g o i n g  to b e  l i k e  i f  and  a s  we e x t r a p o l a t e  i n t o  t h e  f u t u r e .  

I have one more thought I'd like to leave with you. Being an old 
professor, I like to leave my students with something to ponder about. 
It is this: Looking back in history, if you look over the societies that 
have grown and died and puzzle about them a little bit, I think you will 

find that we need in our assessment of these things something which I 
like to refer to as the lift-over-drag ratio. A society will make pro- 
gress only if the lift is greater than the drag--not otherwise! 

T h a n k  y o u  v e r y  m u c h .  

C A P T A I N  F I K E :  D r .  H a f s t a d  i s  r e a d y  f o r  y o u r  q u e s t i o n s .  

Q U E S T I O N :  D r .  H a f s t a d ,  c o u l d  we s e e  t h a t  s t a i r - s t e p  c h a r t  a g a i n ?  

D R .  H A F S T A D :  O . K .  W e ' l l  s e e  if  we c a n  r a i s e  i t  f o r  y o u .  

S T U D E N T :  A s s u m i n g  t h a t  p o l i t i c i a n s ,  S t a t e  D e p a r t m e n t  p e o p l e ,  and  
o t h e r  g o v e r n m e n t  e m p l o y e e s  a r e  up  at  t h e  t op  of  t h a t  c h a r t  w h e r e  t h e y  
a r e  l o o k i n g  d o w n  o n  t~he h o r i z o n t a l ,  and  o n l y  t h e  s c i e n t i s t s  and  e n g i n e e r s  
a r e  l o o k i n g  a t  t h e  v e r t i c a l ,  h o w  c a n  t h e  s c i e n t i s t s  and  e n g i n e e r s  b r i n g  
t h e i r  l o g i c ,  j u d g m e n t ,  and  s c i e n t i f i c  d i s c i p l i n e  to  b e a r  on  t h o s e  p e o p l e  
up  t h e r e  s o  t h a t  we  h a v e  b e t t e r  g o v e r n m e n t ?  

D R .  H A F S T A D :  T h i s  i s  o n e  I c a n  c e r t a i n l y  c o m m e n t  on .  I h a v e  
b e e n  f e u d i n g  w i t h  t h e s e  p e o p l e  f o r  s o m e  t i m e ,  p a r t i c u l a r l y  t h e  p r o g r e s -  
s i v e  e d u c a t o r s ,  and  s o  on ,  and  m y  c o n t e n t i o n  i s  t h a t  w h a t  we  o u g h t  to  
d o  f r o m  n o w  o n - - w e  c a n ' t  do  a n y t h i n g  a b o u t  t h e  p a s t - - i s  to  m a k e  s u r e  
t h a t  a l l  s t u d e n t s  g e t  a r e a s o n a b l e  e d u c a t i o n  in  s c i e n c e  and  t e c h n o l o g y .  
T o  m e  i t  i s  no  m o r e  w r o n g t o  e x p e c t a  l a w y e r  t o h a v e  p a s s e d  a c o u r s e  in  
p h y s i c s  t h a n  i t  i s  f o r  a n  e n g i n e e r  to  t a k e  a c o u r s e  in  E n g l i s h  l i t e r a t u r e .  
A n d  I t h i n k  t h i s  w o u l d  p a y  b i g  d i v i d e n d s .  L e t  m e  g i v e  y o u  a p e r s o n a l  
e x a m p l e  of  t h i s .  O n e  of  m y  e a r l i e s t  e x p e r i e n c e s  w i t h  g o v e r n m e n t  w a s  
w h e n  I w a s  a s t u d e n t  in  c o l l e g e  and  m y  p r o f e s s o r ,  who  h a p p e n e d  to  be  
P r o f e s s o r  J a n s k i ,  w a s  r u n n i n g  to W a s h i n g t o n ,  c a n c e l l i n g  c l a s s e s  e v e r y  
s o  o f t e n ,  to  t a l k  to  t h e  C o m m u n i c a t i o n s  C o m m i s s i o n ,  w h i c h  w a s  j u s t  
b e i n g  o r g a n i z e d .  W h e n e v e r  h e  c a m e  b a c k  h e  t o l d  u s  a b o u t  t h e  s t r u g g l e s  
d o w n  h e r e ,  and  a t  t h a t  t i m e  t h e  c h a n n e l s  w e r e  j u s t  b e i n g  a l l o c a t e d  f o r  
v a r i o u s  f r e q u e n c i e s .  H i s  m a i n  t r o u b l e  w a s  w i t h  c o n s t i t u t i o n a l  l a w y e r s  
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who i n s i s t e d  that  in th is  c o u n t r y  e v e r y  c i t i z e n  has  a r igh t  to a band of 
f r e q u e n c y  in the  s p e c t r u m .  

Th i s  is what you have  to con tend  wi th .  It s e e m s  to me  tha t  e v e n  
l a w y e r s  ought  to know that  n a t u r a l  law is s l i g h t l y  m o r e  f u n d a m e n t a l  than  
c o n s t i t u t i o n a l  law.  

QUESTION:  In ou r  r e a d i n g  we can  a l l  r e c a l l  s e e i n g  that  the au to -  
m o t i v e  i n d u s t r y  in t h i s  c o u n t r y  has  p r o f i t e d  by adap t ing  E u r o p e a n  i n v e n -  
t ion ,  r a t h e r  than  by i n v e n t i n g  th ings  i t s e l f .  Would you r e s p o n d  to th i s ,  
g iv ing  us s o m e  e x a m p l e s  of how you f ee l  about  i t ?  

DR. HAFSTAD: Yes. I think this is quite clear, when you stop to 
think about it. By and large the innovations in the automobile business 
are not particularly difficult to make themselves. They can be made in 
a small machine shop, so to speak, and can be tried out on a relatively 
small-scale. And in Europe, with cheap labor and a lot of ingenious 
engineers, operating on a small-scale, with many, many different com- 
panies building a few cars, it is very easy for them to try out new and 
novel ideas. In this country we are already, so to speak, frozen in 
volume production, and it is just too dangerous, moneywise, to try out 
a lot of novel ideas on a very large-scale. The risk is too great. The 
tooling costs are too high. This tends to make our large industry con- 
servative, compared to European small industry in this area, and 
naturally we watch and see what the customers like that is introduced in 
Europe, and then make an adaptation in this country. 

A g a i n  you c o m e  back  to t h e s e  f u n d a m e n t a l s :  we a r e  in b u s i n e s s  to 
m a k e  m o n e y ;  the c u s t o m e r  is  a l w a y s  r i gh t .  We ad jus t  to t h e s e  two 
th ings  and t ake  a d v a n t a g e  of what  is  done  in E u r o p e .  T h e r e  is no p r i d e  
of a u t h o r s h i p  h e r e  at a l l .  

QUESTION:  D o c t o r ,  I no t i c ed  t h r o u g h o u t  y o u r  t a lk  the w o r d s  
" t e c h n i c a l  p r o g r e s s ,  " " t e c h n o l o g y ,  " and " s c i e n c e "  w e r e  a l m o s t  u sed  
i n t e r c h a n g e a b l y  in s o m e  p l a c e s .  What is  y o u r  t r u e  d e f i n i t i o n  of t e c h n o -  
l o g y ?  

DR.  HAFSTAD:  I would s a y  that  the m a i n  s e p a r a t i o n  to m a k e  in 
y o u r  mind  is in s c i e n c e  and e n g i n e e r i n g .  To m e  s c i e n c e  is the a c q u i s i -  
t ion of k n o w l e d g e ,  l e a r n i n g  new th ings ,  u n d e r s t a n d i n g  n a t u r e .  T h a t ' s  
w h e r e  the s c i e n t i s t  s t o p s .  It i s  up to the e n g i n e e r  to be an app l i ed  
s c i e n t i s t - - i f  you  l i k e - - a n d  he t a k e s  th i s  k n o w l e d g e  and c o n v e r t s  it into 
s o m e t h i n g  u s e f u l  f o r  s o c i e t y ,  fo r  the  m i l i t a r y ,  f o r  w h o e v e r  it i s .  The  
e n g i n e e r  w o r k s  with t e c h n o l o g y .  Once  he has  t a k e n  o v e r ,  in m y  
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definition and in my understanding, I would say that this is technology. 
As a society, we are interested in technology. I assume a society 
really doesn't enjoy or care for knowledge for its own sake. This is 
where I make the distinction. Knowledge for its own sake is the baili- 
wick of the "eggheads" and the scientists. Technology is the bailiwick 
of society as a whole. 

QUESTION:  I was  i n t e r e s t e d  in y o u r  c o m m e n t  on f o r e c a s t i n g  the  
f u t u r e  and y o u r  c h a l l e n g i n g  the e c o n o m i s t s  as  to t h e i r  r i g h t  to f o r e c a s t  
3 p e r c e n t  a y e a r  fo r  a t i m e .  If you  don ' t  u s e  h i s t o r y  p r o j e c t i o n s ,  t r e n d s ,  
and m o d e l s ,  what  m e t h o d  would you s u g g e s t  tha t  we u s e  in h a n d l i n g  t h i s ?  
I s a y  th i s  f r o m  the fac t  tha t  I a m  now a s s u m i n g  it is  t r u e  that  the  p e o p l e  
who m a k e  t h e s e  f o r e c a s t s  a r e  a l s o  in the b u s i n e s s  of c h a n g i n g  p o l i c i e s  
and l e g i s l a t i o n ,  and m a k e  the goa l s  that  a r e  f o r e c a s t  r e a l i z e d .  

DR.  HAFSTAD: U n f o r t u n a t e l y ,  I th ink  you a r e  r i g h t .  But h e r e  I 
th ink  I would u r g e  tha t  the  f o r e c a s t i n g  be done  in what  I would c a l l  a 
m o r e  t h o r o u g h  way with m o r e  t h o r o u g h  s t u d i e s .  You can  look  at  the  
g r o s s - n a t i o n a l - p r o d u c t  c u r v e - - c o r r e c t e d  fo r  i n f l a t i on ,  l e t ' s  s a y - -  and 
then  s a y  tha t ,  by and l a r g e ,  we a r e  r u n n i n g  2 .5  p e r c e n t  a y e a r ,  o r  
s o m e t h i n g  of th is  k ind .  But u n d e r n e a t h  that  2 .5  p e r c e n t  you have  to 
s a t i s f y  y o u r s e l f  as  to what  it i s  tha t  c r e a t e s  wea l t h ,  what  it  is  tha t  m a k e s  
the s o c i e t y  a c t u a l l y  g r o w .  What  a r e  the  f o r c e s  a c t i n g ?  H e r e  I th ink  you  
wi l l  f ind tha t  in our  p r e s e n t  s o c i e t y ,  as  the q u o t a t i o n  f r o m  S c h l i c t e r  
i n d i c a t e s ,  the m o t i v a t i o n  f o r c e  in th i s  new t e c h n o l o g y  which  i s  c o m i n g  is  
due  to R&D. T h e n  you a sk  y o u r s e l f :  What a r e  now the f o r e c a s t s  f o r  
R&D? The  g a m e  is ge t t i ng  t o u g h e r  and t o u g h e r  and t o u g h e r .  Al l  the 
e a s y  t h ings  a r e  done .  I th ink  it was  D e r e k  P r i c e  who po in ted  out tha t  
the  r e s u l t s  f r o m  r e s e a r c h ,  if a t h o r o u g h  s t u d y  is  m a d e ,  c o m e  out  as  the  
cube  roo t  of the m o n e y  tha t  is  s p e n t .  He c i t e d  the  v o l u m e  of  a p y r a m i d  
as  r e p r e s e n t i n g  the a m o u n t  of e f fo r t  tha t  goes  in R&D, and the  he igh t  of 
the p y r a m i d  as  what  c o m e s  out of i t .  So I would c o u n t e r  y o u r  s u g g e s -  
t ion  by a s k i n g  you the q u e s t i o n :  If you want  2 . 5  p e r c e n t  p e r  y e a r  in -  
c r e a s e  in ou r  c o r r e c t e d  g r o s s  n a t i o n a l  p r o d u c t ,  a r e  you r e a l l y  p r e p a r e d  
to p o u r  in R&D m o n e y  at an  e x p o n e n t i a l l y  i n c r e a s i n g  r a t e ,  and f o r  how 
long?  Th i s  is  the o t h e r  ha l f  of the q u e s t i o n .  

STUDENT: Don't we do this now? Don't we pour in IR&D money 
now? There is no assurance when you pour it in that you are going to 
get anything out of it. ~re have poured it in in the past. You are fore- 
casting. 

DR. HAFSTAD: Well, my whole point is that certainly you've got 
to put in more money. But there are other forces acting. The quality 
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of our R&D effort will degrade as the scale increases. I think most of 
you have seen evidence of this. Let me just take what I would call the 
inflation in the title of Ph.D. Before the war a Ph.D. was a man dedi- 
cated to research and to an understanding of nature. Now there is a 

cash value on the ti.tle of Ph.D. and a lot of people are going after the 
title; not after the knowledge that the title used to represent. There is 
a big difference in those two things. Those of you who are military 
people I would remind of the difference between a professional and a 
mercenary. If you read revolutionary history you know that the record 
of the mercenaries was not too good. I think the same thing tends to 
happen in the research and development business. 

QUESTION: The trend in R&D in the Armed Forces seems to be 
going to the system type of thing, where the prime contractor does the 
R&D and also the production. In view of the seriousness of the problem 
that you point out in the transition, in your mind is this a good way of 
going, or do you really make the problem more difficult from one outfit 
to another ? 

DR. HAFSTAD: For any one project I think it is a very good way of 
doing it. If the thinking and analysis initially has been sufficiently good 
to insure that this project, if supported and carried out successfully, 
will end up in a weapon used by the military services, then I think it is 
excellent. The weakness and the trouble are that so many things started 
in this way are aborted, usually at about the 80-percent point, and the 
number of things that we have started in this country and almost fin- 
ished is a little bit frightening. If all of the money had been poured 
into honest-to-God competition for end items to be selected by the mili- 
tary, I think we'd be better off. The weakness of this is that if we start 
a company, get it half-way through, or three-quarters of the way 
through, and then try to change our minds, we have to find something 
else for that company to do, for political reasons. Then we are com- 
mitted with a large amount of our money going into things that have not 
been carefully thought out in advance. I don't know how to avoid this, 
but this is what happens as a result of this approach. 

Q U E S T I O N :  D r .  H a f s t a d ,  I b e l i e v e  y o u  s a i d  t ha t  the  i n c e n t i v e  
s y s t e m  w h i c h  h a s  s e r v e d  u s  so  w e l l  f r o m  t h e  t i m e  of t he  R o b b e r  B a r o n s  
h a s  g o n e .  T h i s  w a s  a m o s t  p r o v o c a t i v e  s t a t e m e n t ,  and I w i s h  y o u  
would  f o l l o w  it  up a l i t t l e  b i t .  

DR. HAFSTAD: I am a little puzzled as to what you want me to say 
on this. Don't you find from your general reading that this is confirmed 
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in  a l l  d i r e c t i o n s - - n o t  to m e n t i o n  y o u r  own e x p e r i e n c e ?  I t  s e e m s  to m e  
t ha t ,  i f  y o u  j u s t  t a k e  a look  a t  o u r  s o c i e t y  a n d  s e e  w h e r e  the  h i g h  i n -  
c o m e s  a r e ,  a n d  a s k  y o u r s e l f ,  a s  a s o c i o l o g i s t  o r  a p o l i t i c a l  s c i e n t i s t :  
a r e  w e  r e a l l y  r e w a r d i n g  the  t h i n g s  tha t  c o n t r i b u t e  the  m o s t  to o u r  
s o c i e t y ?  You  w i l l  f i nd  tha t  t h e r e  i s  a v e r y  r e a l  d i s t o r t i o n  in  o u r  i n c e n -  
t ive  s y s t e m .  T h i s  i s  w h a t  I a m  r e f e r r i n g  to. I c o u l d  j u s t  c i t e  e x a m p l e s  
o n e  a f t e r  a n o t h e r  of the  i n c e n t i v e s  in  i n d u s t r y .  T h e  r e t u r n  on  G o v e r n -  
m e n t  c o n t r a c t s ,  the  l e g i t i m a t e ,  a l l o w e d  r e t u r n ,  i s  so  low tha t  no r e a s o n -  
a b l y  s u c c e s s f u l  c o m m e r c i a l  c o m p a n y  c a n  a f f o r d  to d r o p  i t s  c o m m e r c i a l  
b u s i n e s s  in  o r d e r  to t a k e  on the G o v e r n m e n t  c o n t r a c t s .  T h i s  h a s  a c o n -  
s e q u e n c e  w h i c h  w o r r i e s  m e - - t h a t  w e  t end  to s p l i t  o u r  i n d u s t r i a l  s o c i e t y  
i n t o  two g r o u p s - - a  t a x p a y i n g  a c t i v i t y  a n d  a t a x - c o n s u m i n g  a c t i v i t y .  
S u r e l y  th i s  g i v e s  a p e c u l i a r  b a s e  f o r  an  i n d u s t r i a l  s o c i e t y .  

T h e  i n c e n t i v e  u s e d  to be p r o f i t ;  but  now the  p r o f i t s  a r e  n e g o t i a t e d  
a w a y .  E v e n  if  y o u  put  on a f i x e d - p r i c e  b id  a n d  the  c o m p a n y  s e e s  a w a y  
of r e d u c i n g  c o s t s  a n d  g o e s  a h e a d  a n d  d o e s  t h i s ,  t h e r e  i s  a r e n e g o t i a t i o n  
p r o c e d u r e  w h i c h  c o m e s  in to  the  p i c t u r e  a n d  t a k e s  t h o s e  p r o f i t s  a w a y .  
So the  t r e n d  in  a l l  of G o v e r n m e n t  p r o c u r e m e n t  i s  to e l i m i n a t e  the  p r o f i t s  
o r  r e d u c e  t h e m  to a m i n i m u m .  T h i s  I m a i n t a i n  i s  c o n t r a r y  to the  o l d -  
f a s h i o n e d  i n c e n t i v e  s y s t e m ,  w h i c h  m a y  o r  m a y  no t  h a v e  b e e n  good  but  d id  
w o r k .  

Q U E S T I O N :  S i r ,  do y o u  f e e l  we  a r e  r u n n i n g  ou t  of  b a s i c  r e s e a r c h  
a s  the  r e s u l t  of  i t  a l l ,  a n d  c o u l d  we  pu t  a g r e a t e r  p e r c e n t a g e  of o u r  e f f o r t  
i n t o  b a s i c  in  o r d e r  to m e e t  l o n g r u n  c h a l l e n g e  ? 

DR, H A F S T A D :  T h i s  i s  a p r o b l e m  t h a t  h a s  b e e n  w o r k e d  o v e r  p r e t t y  
t h o r o u g h l y .  I w a s  qu i t e  c o n c e r n e d  a b o u t  i t  up u n t i l  the t i m e  w e  got  the  
N a t i o n a l  S c i e n c e  F o u n d a t i o n  r o l l i n g ,  and ,  by  and  l a r g e ,  I t h ink  t h i s  p r o b -  
l e m  i s  now r e c o g n i z e d - - t h a t  we  m u s t  h a v e  b a s i c  r e s e a r c h  s u p p o r t e d  w i t h  
c o n s i d e r a b l e  l a t i t u d e  in  o r d e r  to h a v e  the r a w  m a t e r i a l  w h i c h  o u r  e n g i -  
n e e r s  a n d  t e c h n o l o g i s t s  c a n  c a s h  in  on.  I a m  s u r e  the  p r o b l e m  i s  no t  
y e t  s o l v e d ,  but  i t  i s  r e c o g n i z e d  and  i s  g e t t i n g  the a t t e n t i o n  t h a t  I t h ink  i t  
d e s e r v e s .  

Q U E S T I O N :  S i r ,  to go b a c k  to the  i n c e n t i v e  q u e s t i o n ,  I i n f e r r e d  s o m e  
c o r r e l a t i o n  b e t w e e n  the  t r e n d s  and  i n c e n t i v e s  t h a t  y o u  s p o k e  of  v i s - a - v i s  
o u r s e l v e s  a n d  the R u s s i a n s  and  y o u r  c o m m e n t s  on  e d u c a t i o n .  If  m y  i n f e r -  
e n c e  i s  c o r r e c t ,  i s  t h e r e  a n y t h i n g  e l s e  we  o u g h t  to do a b o u t  r e v e r s i n g  
t h i s  t r e n d  ? 
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DR. H A F S T A D :  A lo t  n e e d s  to be d o n e .  How to do i t  i s  no t  m y  
s p e c i a l t y .  L e t ' s  t ake  the q u e s t i o n s  w h i c h  h a v e  b e e n  r a i s e d  h e r e  on i n -  
c e n t i v e .  In  y o u r  g e n e r a l  r e a d i n g  y o u  w i l l  f ind  tha t  the  u n i v e r s i t y  
t e a c h e r s ,  r e s e a r c h  p e o p l e ,  e n g i n e e r s ,  p r o d u c t i o n  m a n a g e r s  and  w h a t n o t  
a r e  the  new e l i t e  in  R u s s i a .  In t h i s  c o u n t r y ,  the way  I l ike  to e x p r e s s  
i t  i s  t ha t  o u r  u n i v e r s i t y  p e o p l e ,  by and  l a r g e ,  a r e  c o n s i d e r e d  to be un -  
s u c c e s s f u l  e n g i n e e r s  o r  s c i e n t i s t s .  T h e r e  i s  a l m o s t  a s t i g m a  b e i n g  
a t t a c h e d  to the u n i v e r s i t y .  I s o m e t i m e s  e x p r e s s  i t  t h i s  w a y - - t h a t  in  
E u r o p e  a s c h o l a r  i s  r e c o g n i z e d  to be a s u c c e s s ,  e v e n  by h i s  w i fe .  T h a t ' s  
m o r e  t han  y o u  c a n  s a y  in  th i s  c o u n t r y .  

C A P T A I N  F I K E :  On b e h a l f  of the  C o m m a n d a n t  and  the s t u d e n t s ,  I 
t hank  y o u  f o r  a m o s t  p r o v o c a t i v e  and  a v e r y  s t i m u l a t i n g  d i s c u s s i o n  h e r e  
t o d a y .  

DR. H A F S T A D :  T h a n k  you .  
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