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Dr.  Augus tus  B r a u n  Kinzel ,  Vice  P r e s i d e n t ,  R e s e a r c h ,  Union  
C a r b i d e  C o r p o r a t i o n ,  was b o r n  on 26 Ju ly  1900, in New Y o r k  City,  New 
Y o r k .  He r e c e i v e d  a B a c h e l o r  of A r t s  d e g r e e  f r o m  C o l u m b i a  U n i v e r s i t y  
in 1919. In 1921 the M a s s a c h u s e t t s  Ins t i tu t e  of T e c h n o l o g y  a w a r d e d  h im 
a B a c h e l o r  of Sc i ence  d e g r e e .  He ob ta ined  a Doc to r  of M e t a l l u r g y  f r o m  
the U n i v e r s i t y  of Nancy  ( F r a n c e )  in  1921 and th i s  was fo l l owed  by the  
Doc to r  of  S c i e n c e .  He was e m p l o y e d  by the G e n e r a l  E l e c t r i c  C o m p a n y  
and the  H e n r y  D i s s t o n  C o m p a n y  du r ing  the  y e a r s  1919-1920,  1922-1923 
and 1923-1926,  r e s p e c t i v e l y .  Since 1926 he has  b e e n  a s s o c i a t e d  wi th  
the  Union  C a r b i d e  C o r p o r a t i o n  in v a r i o u s  t e c h n i c a l  and e x e c u t i v e  
c a p a c i t i e s .  He has  b e e n  and is a consu l t an t  for  m a n y  G o v e r n m e n t  a g e n -  
c i e s ,  such  as the A t o m i c  E n e r g y  C o m m i s s i o n ,  and i s  p r e s e n t l y  a m e m b e r  
of the De fe nse  Sc i ence  B o a r d  and Naval  R e s e a r c h  A d v i s o r y  C o m m i t t e e .  
He is  p r e s i d e n t  e l e c t  of the  A m e r i c a n  Ins t i t u t e  of Mining,  M e t a l u r g i c a l ,  
and P e t r o l e u m  E n g i n e e r s ,  Inc.  He has w r i t t e n  m a n y  a r t i c l e s  of t e c h -  
n i c a l  i n t e r e s t  in the  m e t a l l u r g i c  and e n g i n e e r i n g  f i e ld s  and he is  the  
au tho r  of  Al loys  of I ron  and C h r o m i u m ,  v o l u m e s  1 and 2, p u b l i s h e d  in 
1937 and 1940. He ho lds  m a n y  pa ten t s  in the f i e ld s  of m e t a l l u r g y  and 
e n g i n e e r i n g .  This  is  h is  f i r s t  l e c t u r e  at the  C o l l e g e .  
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R E S E A R C H  AND D E V E L O P M E N T  IN INDUSTRY 

21 J a n u a r y  1958 

C A P T A I N  S T E I G E L M A N :  A d m i r a l  C l a r k ,  S tuden t s ,  F a c u l t y ,  and  
G u e s t s :  S ince  the  M a t e r i e l  M a n a g e m e n t  C o u r s e  b e g a n  a few w e e k s  
ago,  you  have  h e a r d  v a r i o u s  m e m b e r s  of i n d u s t r y  t a l k  on c e r t a i n  
f u n c t i o n s ,  s u c h  as p r o d u c t i o n ,  p rof i t ,  p r i c e ,  and so fo r t h .  

T o d a y  we a r e  to h e a r  about  " 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 . "  Our  s p e a k e r  i s  Dr .  A. B. K inze l .  He is  Vice  P r e s i d e n t ,  
R e s e a r c h ,  of Union C a r b i d e  C o r p o r a t i o n .  You have  a l l  r e a d  h is  
b i o g r a p h y  and r e a l i z e  tha t  we a r e  i n d e e d  f o r t u n a t e  to have  a m a n  so 
e m i n e n t l y  qua l i f i ed  in h is  f i e ld  to t a l k  to us th i s  m o r n i n g .  

Dr .  Kinze l ,  it  i s  a p l e a s u r e  fo r  m e  to i n t r o d u c e  you to th i s  c l a s s .  

G e n t l e m e n ,  Dr .  K inze l .  

DR. K I N Z E L :  T h a n k  you  Cap ta in .  The  r e q u e s t  to g ive  th i s  t a l k  
c a r r i e d  wi th  i t  a l i s t  of i t e m s  to be c o v e r e d .  The  f i r s t  of t h e s e ,  v e r y  
p r o p e r l y ,  is  m o t i v a t i o n .  Mo t iva t i on  is  e x t r e m e l y  s i m p l e  in i n d u s t r y .  
It is  to m a k e  m o n e y .  The  big  p r o b l e m  is ,  How do you  hand l e  y o u r  
r e s e a r c h  in  s u c h  a way tha t  you get the g r e a t e s t  r e t u r n  fo r  the  d o l l a r  
s p e n t ?  Th i s  lea<is d i r e c t l y  into the  q u e s t i o n  of o r g a n i z a t i o n ,  a d m i n -  

i s t r a t i o n ,  and the l i ke .  

We can  t a lk  about  w a y s  of s e t t i n g  up l a b o r a t o r i e s .  We can  t a l k  
about  ways  of a d m i n i s t e r i n g  t h e m .  T h i s  is  a l w a y s  i m p o r t a n t ,  and is  
a f a c t o r  in the  to t a l  p i c t u r e .  But t h e r e  a r e  two i t e m s  tha t  a r e  abso-  
l u t e l y  p a r a m o u n t  when  it c o m e s  to r e s e a r c h  and d e v e l o p m e n t ,  and I 
am not  s u r e  but  t ha t  th i s  i s  t r u e  of e v e r y  o t h e r  a s p e c t  of i n d u s t r y  o r  
the  m i l i t a r y .  T h e s e  a r e  p r o g r a m s  and peop l e .  I don ' t  c a r e  how m u c h  
m o n e y  you h a v e .  I don ' t  c a r e  how you  a r e  o r g a n i z e d .  If you  don ' t  have  
a p r o g r a m  tha t  m e e t s  the  p u r p o s e ,  and if you  don ' t  have  peop le  to 
i m p l e m e n t  th i s  p r o g r a m - - a n d  by peop le  I don ' t  m e a n  jus t  peop le ,  I 
m e a n  the  r i g h t  kind of peop le ,  the  u n c o m m o n  m e n - - y o u  a r e  not  go ing  
to have  s u c c e s s f u l  r e s e a r c h ,  w h e t h e r  it be  i n d u s t r i a l  o r  any  o t h e r  k ind .  

Keep ing  t h e s e  two th ings  a l w a y s  in  mind ,  l e t ' s  t ake  a l ook  at how 
we go about  th i s  s o r t  of th ing .  In i n d u s t r y  you wi l l  f ind that  t h e r e  
a r e  two g e n e r a l  a p p r o a c h e s  to r e s e a r c h  and d e v e l o p m e n t :  the  c e n t r a l i z e d  



and the decentralized. Each of them has advantages. General Electric 

and Bell Telephone are illustrations of centralized research. Carbide 

is an illustration of decentralized research. 

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

T h e  d e c e n t r a l i z e d  l a b o r a t o r y  h a s  t h e  g r e a t  a d v a n t a g e  t h a t  t h e  l e a q l e r  
o f  a g i v e n  l a b o r a t o r y  k n o w s  h i s  p e o p l e  i n t i m a t e l y .  Y o u  m a y  s a y  t h a t  
in  t h e  c e n t r a l i z e d  l a b o r a t o r y  y o u  c a n  h a v e  a g r o u p  l e a d e r ,  o r  a s e c t i o n  
l e a d e r ,  who  a l s o  k n o w s  h i s  p e o p l e  i n t i m a t e l y .  B u t  t h e  b i g  d i f f e r e n c e  
i s  t h a t  t h e  s e c t i o n  l e a d e r  i s  no t  a u t o n o m o u s .  B e c a u s e  o f  t h e  g e o g r a p h y ,  
b e c a u s e  o f  t h e  l o c a t i o n ,  t h e r e  i s  s o m e b o d y  o v e r  h i m .  H e  d o e s n ' t  m a k e  
d e c i s i o n s  w i t h o u t  c o n f e r r i n g  o n  up ,  a n d  up,  a n d  up .  So y o u  g e t  t h i s  
e c h e l o n  o f  c o n f e r e n c e s  a n d  s o  o n .  T h e  l a b o r a t o r y  l e a d e r ,  l e t ' s  s a y  a 
m a n  who  h a s  125 t e c h n i c a l  p e o p l e  u n d e r  h i s  j u r i s d i c t i o n ,  c a n  k n o w  e a c h  
o f  t h e s e  125 p e o p l e  w e l l .  O u r  e x p e r i e n c e  i s  t h a t  t h i s  i s  j u s t  a b o u t  t h e  
l i m i t - - 1 2 5  to  150 p e o p l e .  T h e  l e a d e r  k n o w s  w h a t  t h e s e  p e o p l e  a r e  d o i n g ,  
so  t h a t  w h e n  s o m e b o d y ' s  w o r k  f a l l s  o f f  he  k n o w s  i t  i s  b e c a u s e  t h e  m a n  i s  
h a v i n g  t r o u b l e  w i t h  h i s  w i fe ,  o r  h a s  a b a d  h e a r t ,  o r  s o m e t h i n g  e l s e .  
B y  h a v i n g  l a b o r a t o r i e s  d e c e n t r a l i z e d ,  e a c h  d i r e c t o r  o f  r e s e a r c h  d o e s  
h a v e  a u t o n o m y  a n d  e x e r c i s e s  i t .  T h i s  i s  a g r e a t  a d v a n t a g e .  

Now, you say there is-a disadvantage in not having the experts 
where you want them when you want them. If you have a group as 

large as 125--or I'd say anything over about 80--you can have a broad 

range of science well covered. You may not have the detailed expert 
in any one given instance, but you will have your broad fields pretty well 

covered, and the problem of communication is one of which you are 
conscious. It is our own belief that, in a decentralized setup, where 

you are conscious of the problem of communication among your labo- 

ratories, you get at least as good communication as you do when you 
have them in the same building, but where John Jones has never heard 

of Jim Smith on the second floor, and it is just taken for granted that 
he has. 

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



Once you are set up either way, the first question is programing. 
In a brand new laboratory, this does present a problem. It requires a 
lot of thought and a lot of coordination in the working out of an initial 
program. But it isn't very often that you have new laboratories. By 
and large, when you do there is a specific reason for it; there is a 

specific series of problems; and you can arrive at a program very 
quickly. But, in a going laboratory, the program problem is a little 

different. Here we have not only the problem of what we shall put 
into the program but the all-important problems of what we shall 
take out of the program and on what we shall stop putting effort. I 
still have to meet a scientist who is willing to agree that the particular 
project on which he is woi~kingis not about to be successful the day 
after tomorrow. Of course, with this attitude it would be perfectly 
silly--I mean if it were so--ever to stop any research program. 

So, what do you do ? You realize that in any industrial research 

effort, coming back to motivation--to make money--you have a series 
of types of projects. Much of the work has to be what we now call 
learning work. This is a little better term, we think, than the old terms, 
basle or fundamental. It is work in which you have selected a field, a 
scientific area, and you have said to yourselves, "Now, we are putting 
work in this area into our program because we believe that in this area 
we will find things which can be put to industrial use by our production 
and other people. " You take the area, then. For example, amino 
acids might be a limited area; polyurethanes for fuel--solid fuel--might 
be a limited area. We may start out and say, "All right; now, we don't 
have any bright idea at this minute, but we do know that the general 
subject of polyurethanes is very important to our corporation, so we are 
going to learn everything we can about it. " We start research--learning 
research--in this field. Sometimes we will start it in a broader field. 
The general field of bonding, for example, is very important to anyone 
working with basic materials--to know what makes the atoms of 
materials hang together. This is all involved with strength, ductility, 
conductivity, and the other properties that are of interest. So we 
might set up a learning research on the nature of bonding. 

You may say, "How are all these things going to bring any money 

into the corporation?" Well, we have learned by experience--and I 
speak not only for Carbide but for industrial research in general-- 
that it is important to haven certain percentage of our research in this 
learning area. It will vary in different outfits, but a good round figure 
is somewhere around 30 to 40 percent. From the learning research 

come clues and leads to applications. 
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N o w ,  y o u ' v e  go t  a g r o u p  l e a r n i n g ,  f i n d i n g  o u t  e v e r y t h i n g  t h e y  
c a n  a b o u t ,  l e t ' s  s a y ,  p o l y u r e t h a n e s .  W h a t  h a p p e n s ?  T h e y  n o t e ,  f o r  
e x a m p l e ,  t h a t ,  i f  t h e  f o a m i n g  i s  s u p p r e s s e d  in  a c e r t a i n  way ,  o r  a c -  
c e l e r a t e d  in  a c e r t a i n  way,  t h e  c e l l u l a r  s t r u c t u r e  a n d  t h e  l i n i n g  up o f  
t h e  l o n g  p o l y m e r s  a r e  a l t e r e d .  O n e  of  t h e  g r o u p  w h o  o b s e r v e s  t h i s  s a y s ,  
" A h !  If  we c o u l d  do t h i s  r e g u l a r l y ,  t h i s  w o u l d  m a k e  a w o n d e r f u l  p i n -  
c u s h i o n .  " I t  m a y  be  t h a t  we a r e  i n t e r e s t e d  in  p i n c u s h i o n s .  I t  m a y  
b e  t h a t  we  a r e  no t .  I f  we a r e  n o t  i n t e r e s t e d  in  p i n c u s h i o n s ,  we  s a y ,  
" T h a t ' s  v e r y  n i c e ,  i t  w o u l d  m a k e  a w o n d e r f u l  p i n c u s h i o n ,  b u t  l e t ' s  no t  
w o r r y  a b o u t  t h a t .  S u p p o s e ,  i n s t e a d  of  i t s  b e i n g  a w o n d e r f u l  p i n c u s h i o n ,  
i t  w e r e  a w o n d e r f u l  m a t e r i a l  w i t h  r e s p e c t  to  i t s  a b i l i t y  to  r e t a i n  i t s  
s h a p e  at  h i g h  t e m p e r a t u r e s  u n d e r  c o m p r e s s i o n ,  b y  v i r t u e  o f  g a s  e x -  
p a n s i o n  in t h e  h o l e s  a n d  t h e  d e f o r m a t i o n  t h a t  y o u  g e t .  " We s a y ,  " A h ,  
this is what we are looking for in a solid fuel. " 

T h e n  w h a t  h a p p e n s  ? We t a k e  t h e  p a r t i c u l a r  i n d i v i d u a l  who  t h o u g h t  
o f  t h i s - - i f  h e ' s  t h e  r i g h t  t y p e - - b e c a u s e  n o b o d y  wi l l  p u s h  a p r o j e c t  l i k e  
t h e  m a n  who  t h i n k s  i t  i s  h i s  b a b y .  I f  h e  i s n ' t  c a p a b l e  o f  i t ,  a n d  d o e s n ' t  
h a v e  e n o u g h  p r a c t i c a l  s e n s e ,  we w i l l  t a k e  a n o t h e r  g r o u p  a n d  s a y ,  " T h o s e  
f e l l o w s  o v e r  t h e r e  a r e  g o i n g  to k e e p  on  l e a r n i n g  m o r e  a n d  m o r e  a b o u t  
p o l y u r e t h a n e s ,  b u t  o v e r  h e r e  we w a n t  y o u  to  s t a r t  ou t  s p e c i f i c a l l y  to  
f i n d  ou t  e v e r y t h i n g  t h a t  h a s  to  b e  f o u n d  o u t  i n  o r d e r  to  m a k e  a p r a c t i c a l  
solid fuel out of this material." 

This is applied research. When we do this, we are embarking on a 
research venture that, broadly, takes I0 times as much money per 
project as the learning end of it did. In the learning work, we can 
be very loose in controls. We can give the researchers maximum 
freedom. In fact, at Carbide we try to give them complete freedom. 
The big problem is that too often they don't take it. You hear a lot of 
talk among young people these days about the freedom of the researcher 
in industry. When you recruit these youngsters, the first thing they 
always ask is, "Are we free to work on anything we want to work on?" 
We tell them, "Yes, We only hope that you will think of something that 
you want to work on. 

N o w ,  in  t h i s  l e a r n i n g  r e s e a r c h ,  l e t  t h e m  go .  T h i s  i s  a g e n e r a l  
p h i l o s o p h y .  T h i s  i s n ' t  maique  to  C a r b i d e ,  a l t h o u g h  i t  i s  u n i q u e  to ,  
s h a l l  I s a y ,  t h e  b i g g e r  a n d  o l d e r  r e s e a r c h  e s t a b l i s h m e n t s .  I t  i s  s o m e -  
t h i n g  t h a t  i s n ' t  u n d e r s t o o d  a s  w e l l  a s  i t  m i g h t  b e  b y  s o m e  of  t h e  n e w e r  o n e s .  

At  a n y  r a t e ,  w h e n  y o u  m a k e  t h e  d e c i s i o n  t h a t  y o u  a r e  g o i n g  to  
t a k e  a p r o j e c t  a n d  pu t  it  i n t o  y o u r  p r o g r a m  in  t h e  a p p l i e d  r e s e a r c h  a r e a ,  

4 



y o u  a r e  m a k i n g  t h e  f i r s t  m a j o r  d e c i s i o n  w i t h  r e s p e c t  to  w h a t  y o u  a r e  
g o i n g  to  g e t  f o r  y o u r  m o n e y  o n  r e s e a r c h .  N o w  y o u  a r e  g o i n g  to  b e g i n  
to  s p e n d  r e l a t i v e l y  l a r g e  s u m s - - I  a m  s t i l l  n o t  o v e r  i n  d e v e l o p m e n t ,  
m i n d  y o u - - o n  t h e  a p p l i e d  r e s e a r c h .  T r u e ,  t h i s  i s  s t i l l  w o r k  t h a t  g o e s  
on  a t  a l a b o r a t o r y  b e n c h  o r  in  a s m a l l  f u r n a c e ,  o r  s o m e t h i n g  t h a t  c o u l d  
be  e n c o m p a s s e d  o n  t h i s  p l a t f o r m .  Y o u  p r o c e e d  t h e n  to  m a k e  t h i s  
d e c i s i o n  c o n s c i o u s l y .  

A l o t  o f  r e s e a r c h  l a b s  h a v e  g o t t e n  i n t o  t r o u b l e ,  a n d  a l o t  o f  G o v e r n -  
m e n t  r e s e a r c h  i s  in  t r o u b l e ,  b e c a u s e  at  t h i s  j u n c t i o n  t h e y  d i d n ' t  s t o p  
a n d  a n a l y z e  t h e  p r o b l e m .  F o r  e x a m p l e ,  l e t ' s  s t i c k  to  p o l y u r e t h a n e  
a m i n u t e ,  a n d  s u p p o s e ,  a t  t h i s  s t a g e ,  w e ' v e  go t  to  m a k e  up o u r  m i n d s  
w h e t h e r  we  a r e  g o i n g  to  go i n t o  a p p l i e d  r e s e a r c h  to g e t  a s o l i d  f u e l .  
T h e n  we  s a y ,  " A l l  r i g h t .  W h a t  d o e s  i t  m e a n  i f  we d o ?  S u p p o s e  we  a r e  
s u c c e s s f u l ? "  T h a t ' s  t h e  f i r s t  q u e s t i o n  we  a s k .  Wha t  w i l l  h a p p e n ?  
Wel l ,  we  pu t  up a p l a n t .  I f  we  pu t  up a p l a n t ,  t h e r e  i s  no  r e a s o n  to  
b e l i e v e  t h a t  t h e  c a p i t a l  c o s t  o f  t h i s  p l a n t  s h o u l d  be  e x t r a o r d i n a r y .  I t  
s h o u l d  b e  in  t h e  g e n e r a l  r a n g e  of  $ 1 . 2 5  p e r  d o l l a r  o f  a n n u a l  o u t p u t .  
T h a t ' s  a l l  r i g h t .  T h e r e  w i l l  b e  d a n g e r ,  h a z a r d ,  a n d  t h e  l i k e .  Y e s ,  
t h e r e  a r e  g o i n g  to  b e  p r o b l e m s .  W e  t h i n k  we  w i l l  b e  a b l e  to  w o r k  t h e m  
o u t .  T h i s  i s  a p a r t  o f  w h a t  t h e  r e s e a r c h  i s  g o i n g  to d o - - w o r k  t h i s  o u t  
f o r  u s .  

T h e n  we t a k e  a l o o k  a t  t h e  e c o n o m i e s .  We  f i n d  ou t  t h a t  e v e r y -  
t h i n g  i s  f i ne ;  i t  w o r k s  o u t  e x a c t l y  a s  we h a v e  p l a n n e d  i t .  We  w i l l  
h a v e  a b e a u t i f u l  p r o d u c t  t h a t  w i l l  c o s t  us  a b o u t  $200 a p o u n d .  At  t h i s  
s t a g e  we  a r e  f a c e d  w i t h  a d e c i s i o n .  I s  t h i s  p r o d u c t  u s e f u l  a t  $200  a 
p o u n d ?  I s  i t  s u f f i c i e n t l y  u s e f u l  t h a t  we  o u g h t  to  go i n to  t h e  b u s i n e s s ,  
a n d  p u t  up  a p l a n t ,  a n d  s o  on ,  a s s u m i n g  t h a t  t h e  r e s e a r c h  i s  s u c c e s s f u l ?  
O r ,  h a d  we b e t t e r  s a y ,  " W e l l ,  n o w ,  t h i s  i s  w o n d e r f u l .  I t  i s  v e r y  
i n t e r e s t i n g ,  b u t  we  a r e  n o t  g o i n g  to s p e n d  t h e  m o n e y  o n  m a k i n g  a n  
a p p l i e d  r e s e a r c h  p r o j e c t  o u t  o f  t h i s  a t  t h e  p r e s e n t  t i m e .  We  a r e  g o i n g  
to k e e p  t h i s  p r o j e c t  in  t h e  l e a r n i n g  a r e a  to  s e e  i f  we  c a n ' t ,  in  t h a t  a r e a ,  
c o m e  up w i t h  s o m e t h i n g  t h a t  w i l l  m a k e  t h i s  m a t e r i a l  f o r  $2 a p o u n d ,  
i n s t e a d  of  $200 .  " T h i s  i s  t h e  d e c i s i o n  we h a v e  to m a k e  at  t h a t  p o i n t .  
A n d  t h i s  i s  a d e c i s i o n  t h a t  i s  so  o f t e n  n o t  m a d e  at  t h a t  p o i n t .  H o w e v e r ,  
t h e r e  i s  n o t h i n g  to  s t o p  up f r o m  r e v i e w i n g  a n d  r e v i e w i n g .  We s h o u l d  
a n d  m u s t .  

L e t  u s  a s s u m e ,  f o r  e x a m p l e ,  t h a t  e v e r y t h i n g  w o r k e d  o u t  t h e  w a y  
I h a v e  j u s t  s a i d ,  e x c e p t  t h a t ,  i n s t e a d  o f  $200  a p o u n d ,  t h e  p r o d u c t  
c o s t  $5 a p o u n d .  A l l  r i g h t  t a k e  $5 a p o u n d .  We  k n o w  t h a t ,  b y  a p p l y S n g  
t e c h n o l o g y  a n d  b y  m o d i f y i n g  p r o c e s s e s  s l i g h t l y ,  we  c a n  c u t  c o s t  in  



half and maybe again in half, This brings it down to the realm where, 

let's say, it is useful for the price. So we go ahead. We do the bench- 

scale applied research. As it goes along, we keep on reviewing, to 
see whether new troubles have reared their ugly heads and are vitiating 

some of the assumptions that were made at the time we came to a 

decision. If they do, that doesn't mean that we drop the project, but 

it does mean that we concentrate on clearing up .*,hat particular aspect 

of it before we spend too much money on the rest. 

This is all programing, gentlemen. It comes back to what I said-- 
that the most important thing in research is your program. This 
programing must be done essentially by the man on the job, the group 
leader or the head of the local section of the laboratory that is running 
about lO0-odd people. It can be done in conference as you get into 
bigger projects and go further, and it can be done in conferences with 
vice presidents and all the rest. But this programing must be done. 

Now,  y o u  g e t  t h r o u g h  t h e  a p p l i e d  r e s e a r c h ,  a n d  we  a s s u m e  you  
a r e  s u c c e s s f u l .  T h e n  y o u  c o m e  i n t o  t h e  n e x t  s t a g e ,  w h i c h  i s  d e v e l o p -  
m e n t .  W h e r e  a r e  y o u  g o i n g  to pu t  up a p i l o t  p l a n t - - n o t  s o m e t h i n g  t h a t  
w i l l  go  o n  t h i s  p l a t f o r m ,  b u t  s o m e t h i n g  t h a t  w i l l  f i l l  t h i s  w h o l e  r o o m  ? 
A g a i n ,  y o u  a r e  m u l t i p l y i n g  y o u r  e x p e n d i t u r e  b y  10 p e r  p r o j e c t .  W h e n  
y o u  do t h i s ,  y o u  m u s t  a g a i n  m a k e  a d e t a i l e d  a n a l y s i s  o f  t h e  s a m e  k i n d  
y o u  m a d e  b e f o r e .  T h i s  t i m e ,  h o w e v e r ,  i t  c a n  be  a lo t  b e t t e r  a n d  
s o u n d e r  b e c a u s e  y o u  h a v e  l e a r n e d  s o  m u c h  a n d  y o u  k n o w  so  m u c h  m o r e  
a b o u t  t h e  p r o j e c t  by  v i r t u r e  o f  y o u r  a p p l i e d  r e s e a r c h .  

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

H e r e  i s  t h e  p l a c e  w h e r e  y o u  h a v e  to s t o p  a n d  r e d o  y o u r  a n a l y s i s  
o n c e  m o r e  to be  s u r e  t h a t  y o u  a r e  s t i l l  on  f i r m  g r o u n d .  T h e  t e m p t a t i o n  
to go a h e a d  w i t h  a n y t h i n g  t h a t  c a n  be  l a b e l e d  a r e s e a r c h  s u c c e s s  i s  e x -  
t r e m e l y  g r e a t .  T h e  g o a l s ,  o f  c o u r s e ,  a r e  g r e a t .  In  g e n e r a l ,  a t  C a r b i d e - -  
a n d  I t h i n k  t h i s  h o l d s  p r e t t y  w e l l  f o r  m o s t  o f  t h e  l a r g e r  i n d u s t r i a l  o u t -  
f i t s  t h a t  h a v e  h a d  r e s e a r c h  f o r  s o m e  t i m e - - w e  f i n d  t h a t  i n  a n y  g i v e n  y e a r  
t h e  n e w  s a l e s  f r o m  p r o d u c t s  o f  r e s e a r c h  a r e ,  r o u g h l y ,  f i v e  t i m e s  t h e  



r e s e a r c h  a n d  d e v e l o p m e n t  c h a r g e s  o f  s e v e n  y e a r s  b e f o r e .  T h a t  i s  w h e n  
t h e s e  p r o d u c t s  r e a c h  a p o i n t  w h e r e  t h e y  b e g i n  to  be  i n t e r e s t i n g .  I t  
t a k e s  a b o u t  s e v e n  y e a r s .  We h a v e  an  o l d  s a y i n g ,  " S e v e n  y e a r s  f r o m  

IT t e s t  t u b e  to  t a n k  c a r .  

This isn't the end, of course, because in the next year and the 
following year the sales mount still further, and finally you get into 
an obsolescence period. It is not unusual in companies with sound 
research programs to see the kind of a statement we had in the 1956 
Annual Report of Carbide, that 40 percent of our sales and 60 percent 
of our profits came from products and proeesses unknown 15 years 
before. 

So much for the programing and the importance thereof. The 
way it is actually done, of course, is that each year, generally in 
October, each group in the laboratory sets forth what it thinks it 
would like to do in the subsequent year. This is reviewed by the 
people in the local laboratory, and their proposals are all put together 
with everyone else's and finally reviewed at headquarters. 

There is another great temptation that we have to look out for in 
industrial research. It applies, I think, even more in the military. 
You have a limited number of people; you don't have an unlimited number 
of dollars. I think that is true even in the military. So you can't do 
everything. Now you come along with your learning research and your 
applied research. Remember I said that your applied research takes 
about i0 times as many dollars per project as your learning, and your 
development takes about i0 times as much per project as your applied. 
You have a limited number of dollars and you see these things which 
ought to be brought along to ultimate use. So you take Project A, 
polyethylene; Project B, the amino acids; Project C, blood plasma; 
Project D, high temperature metals--all of which have been successful 
in research--and you put them all in and say, "We are going to go right 

,. 
ahead with these now. 

Then you find you haven't enough people and money to do them all. 
So there is the temptation to say, "Well, we have those fellows over 
there that are learning, and, after all, what they are doing isn't ira- 

,, 
m ediately applicable; and here we have something to apply right away. 
The temptation to cut back on the learning and put more money into the 
applied is extremely great. In any given year you will probably make 
a little more money for your corporation by doing this, but the year 
after that you probably won't; and three or four years after that you'll 
be sunk because you have shut off the fountain. 



W h e n  y o u  r e a l i z e  t h a t  y o u  c a n  do 10 t i m e s  a s  m u c h  in  c o v e r a g e  
in  t h i s  l e a r n i n g  a r e a  f o r  t h e  s a m e  d o l l a r ,  a n d  t h a t  t h i s  w i l l  o p e n  up 
n e w  f o u n t a i n s  a n d  n e w  s t r e a m s ,  y o u  s e e  h o w  f o o l i s h  a n d  s h o r t s i g h t e d  
it  i s  to  do  t h i s .  T h i s  y o u  h a v e  to f i g h t  a l l  t h e  t i m e ;  a n d  t h e  s t r a n g e  
t h i n g  i s  t h a t  y o u r  o w n  r e s e a r c h e r s  w o n ' t  h e l p  yo~ .  J i m  J o n e s  h a s  a 
r e s e a r c h  s u c c e s s  in  p o l y u r e t h a n e s  a n d  B i l l  S m i t h  h a s  o n e  in  b l o o d  
p l a s m a ,  a n d  e a c h  i s  p u s h i n g  to  ge t  h i s  s t u f f  o u t .  E a c h  i s  w i l l i n g  to 
s t o p  t h e  l e a r n i n g  a n d  go a h e a d  and  g e t  t h i s  p r o j e c t  r o l l i n g .  

T h e  d i r e c t o r  o f  t h e  l ab  i s  t h e  f i r s t  e c h e l o n  h i g h  e n o u g h  to a p p r e c i a t e  
t h e  fu l l  s i g n i f i c a n c e  o f  a l l  t h i s ,  by  and  l a r g e ,  a n d  he  w i l l  f i g h t  t h i s  
t e n d e n c y .  He  h a s  to  f i gh t  h i s  o w n  p e o p l e .  In  C a r b i d e ,  I s p e n d  a g o o d  
d e a l  o f  m y  t i m e  b e i n g  s u r e  t h a t  t h i s  b a l a n c e  o f  l e a r n i n g  r e s e a r c h  a n d  
a p p l i e d  r e s e a r c h  a n d  d e v e l o p m e n t  i s  m a i n t a i n e d .  Of  c o u r s e ,  t h e n  y o u  
g e t  i n t o  d e f i n i t i o n s  a n d  y o u  f i n d  s u c h  t h i n g s  a s  " b o o t l e g g i n g .  " Y o u ' l l  
h a v e  " b o o t l e g g e d "  a p p l i e d  r e s e a r c h  u n d e r  t h e  g u i s e  o f  l e a r n i n g ,  a n d  
so  on .  Y o u  g e n t l e m e n  in  t h e  m i l i t a r y  I a m  s u r e  a r e  f a m i l i a r  w i t h  t h e  
p r o c e s s .  

Now,  w h a t  do  y o u  do a b o u t  i t ?  Wel l ,  we h a v e  a d e v i c e  a t  C a r b i d e  
w h e r e b y  we b r e a k  o u r  p r o g r a m  in to  p a r t s .  I d o n ' t  k n o w  t h a t  i t  i s  
u s e d  in q u i t e  t h i s  way  in  a n y  o t h e r  o r g a n i z a t i o n s ,  a l t h o u g h  I u n d e r -  
s t a n d  two  o r  t h r e e  h a v e  s t a r t e d  i t ,  t o o .  As  I s a i d ,  we a r e  d i v i s i o n a l i z e d  
a n d  we a r e  d e c e n t r a l i z e d .  E a c h  of  o u r  d i v i s i o n s  i s  r e s p o n s i b l e  f o r  
m a k i n g  m o n e y .  E a c h  o f  o u r  d i v i s i o n s  h a s  a v i c e  p r e s i d e n t  f o r  r e s e a r c h .  
He  g e t s  h i s  r e s e a r c h  m o n e y  o n  t h e  b a s i s  o f  t h e  p r o g r a m  p r e s e n t e d ,  a n d  
t h a t  i s  p a i d  f o r  by  t h e  e a r n i n g s  o f  t h e  d i v i s i o n  in  w h i c h  h e  i s  o p e r a t i n g ,  
h i s  d i v i s i o n - - l e t ' s  s a y  E l e c t r o m e t ,  C h e m i c a l s ,  B a k e l i t e ,  L i n d e ,  o r  
w h i c h e v e r  i t  m a y  b e .  We h a v e  11 o f  t h e s e  d i v i s i o n s  t h a t  a r e  a c t u a l l y  
d o i n g  r e s e a r c h .  T h e  r e s e a r c h  v i c e  p r e s i d e n t  g e t s  m o s t  o f  h i s  m o n e y  
f r o m  h i s  d i v i s i o n  p r e s i d e n t  f o r  t h i s  r e s e a r c h .  We h a v e  a r e s e a r c h  
c o m m i t t e e  r e s p o n s i b l e  f o r  o v e r a l l  c o o r d i n a t i o n .  T h e  m e m b e r s  o f  t h i s  
c o m m i t t e e  l o o k  o v e r  t h e  p r o g r a m s  to s e e  t h a t  t h e r e  i s  a r e a s o n a b l e  b a l -  
a n c e  a m o n g  l e a r n i n g  r e s e a r c h ,  a p p l i e d  r e s e a r c h ,  a n d  d e v e l o p m e n t .  

Bu t  t h i s  i s  no t  e n o u g h ,  b e c a u s e  o f  t h e  v a r i o u s  f a c t o r s  t h a t  I h a v e  
a l r e a d y  m e n t i o n e d .  So, in  a d d i t i o n  to  t h i s ,  we h a v e  a b l o c k  o f  c o r p o -  
r a t i o n  m o n e y .  We c a l l  it  a c o r p o r a t i o n  r e s e a r c h  b u d g e t .  T h i s  m o n e y  
i s  d i s t r i b u t e d  ou t  o f  t h e  c e n t r a l  o f f i c e  to  t h e s e  l a b o r a t o r i e s  f o r  l e a r n i n g  
r e s e a r c h  o n l y  o n  p r o j e c t s  t h a t  a r e  a p p r o v e d  in  t h e  c e n t r a l  o f f i c e .  T h e  
d i v i s i o n  d o e s n ' t  p a y  f o r  t h e m .  In  t h i s  w a y  we  m a n a g e  to  p u t  s o m e  
g r e a t e r  e m p h a s i s  a n d  g r e a t e r  c o n t r o l  o n  t h e  l e a r n i n g  r e s e a r c h  a n d  to  
k e e p  i t  i n  b a l a n c e .  
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Actually we are going a little further than that at Carbide now. 

We find that, even with the procedure we use, the tendency of the 

individual researcher--and, mind you, the researcher is always 
criticizing management for wanting to go into applied research and not 

doing enough basic research--is to go ahead. He's the fellow that we 

have to watch, not only in industrial research but in research of any 

kind. 

While the device I have just described works pretty well, it 

works less well in time. So in addition to all this, now, we are setting 
up a relatively small, again decentralized, laboratory where rule 

number one is that nothing shall be done in this laboratory but learning 

research. If something should turn up in this learning research that 
would be useful, we propose that it immediately be moved over to 

one of our division laboratories. Or, if it is of such a nature that our 
division laboratories are not interested, we will put up another labora- 
tory and work it out. We are not going to have any applied research at 

all in this one. This will supplement all the others. 

I think it can be worked out. I am sure that many of you, as I 
talk, are thinking of some of the recent doings and conversations on 

research in Washington, on special agencies to do research, and so 
forth. While on paper this kind of thing may look clumsy in some ways, 

it will work if properly handled. The difference between what things 
should be as they are presented on paper and the way they are when 

handled by human beings can be great. 

So this is the organizational administrative setup that we use at 
Carbide. All of industry uses, in one form or another, some device of 

this kind to maintain the situation and to keep this learning balance 

where it should be. 

The next item that I would like to talk about is people. I think that 

the average research fellow--and I can speak freely because I came up 

from the research bench myself, and spent lots of years actually ex- 

perimenting with my own hands trying to use my head at the same time-- 
is not even second to an opera star when it comes to being a prima 

donna. He is dedicated. If he is any good, he has to be because he 
can't do this kind of job on a 5-day, 8-hour-a-day week. He has to live 
i t ,  e a t  i t ,  a n d  s l e e p  i t ,  so  t h a t  i t  i s  in  h i s  s u b c o n s c i o u s .  O t h e r w i s e  he  
w i l l  no t  b e  c r e a t i v e ,  and  c r e a t i v i t y  is  t h e  e s s e n c e  of i t  a l l .  S k i l l e d  p e o p l e ?  
Y e s ,  you  c a n  ge t  t hem~ S c h o o l s  a r e  t u r n i n g  t h e m  ou t .  T h e r e  is  a lo t  
o f  h u l l a b a l o o  abou t  t h e i r  no t  t u r n i n g  out  e n o u g h .  T h a t ' s  p r o b a b l y  



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

M a n y  l a b o r a t o r i e s  t o d a y - - a n d  t h i s  i s  t r u e  t h r o u g h o u t  t h e  C a r b i d e  
s y s t e m - - h a v e  t w o  l a d d e r s  o f  a d v a n c e m e n t .  Y o u  c a n  go up  t h e  a d m i n -  
i s t r a t i v e  r o u t e  a n d  b e c o m e  a g r o u p  l e a d e r ,  a s e c t i o n  l e a d e r ,  a b r a n c h  
l e a d e r ,  a d i v i s i o n  l e a d e r ,  a d i r e c t o r  o f  a l a b o r a t o r y ,  o r  a v i c e  
p r e s i d e n t .  T h i s  i s  t h e  o r g a n i z a t i o n  r o u t e .  B u t  a l o n g  w i t h  i t  we  h a v e  
t h e  s o - c a l l e d  p r o f e s s i o n a l  l a d d e r .  H e r e  a m a n  c a n  r e a c h  a h i g h  s t a t u s ,  
w i t h o u t  e v e r  h a v i n g  a n y b o d y  w o r k  f o r  h i m .  G e n e r a l l y ,  o f  c o u r s e ,  h e  
l i k e s  to  h a v e  o n e  a s s i s t a n t  to  t u r n  t h e  s t o p c o c k  o r  to  h o l d  h i s  w a t c h .  
I n  t h e  p a s t ,  t h e  p r o f e s s i o n a l  s c i e n t i s t ,  t h e  d e d i c a t e d  s c i e n t i s t ,  w h o  
w a n t s  to  a n d  s h o u l d  d e v o t e  h i m s e l f  s t r i c t l y  to  s c i e n c e  a n d  t e c h n o l o g y  
a s  d i s t i n c t  f r o m  a d m i n i s t r a t i o n ,  h a d  no p l a c e  to  go .  T o d a y  we  h a v e  
t h e s e  l a d d e r s  o f  a d v a n c e m e n t  w h e r e b y  y o u  s t a r t  o u t  a s  an  a s s i s t a n t  
m e t a l l u r g i s t ,  f o r  e x a m p l e ,  t h e n  y o u  a r e  a m e t a l l u r g i s t ,  a n d  t h e n  y o u  
a r e  a r e s e a r c h  m e t a l l u r g i s t - - a n d  e a c h  t i m e  y o u  g e t  a r a i s e  in  p a y .  
T h e n  y o u  a r e  a j u n i o r  r e s e a r c h  m e t a l l u r g i s t  a n d  t h e n  y o u  a r e  a 
s e n i o r  r e s e a r c h  m e t a l l u r g i s t ,  a j u n i o r  c o n s u l t a n t  a n d  a s e n i o r  c o n -  
s u l t a n t ,  a g e n e r a l  c o n s u l t a n t ,  a n d  f i n a l l y  an  a s s o c i a t e  d i r e c t o r  o f  
t h e  l a b o r a t o r y .  We  a c t u a l l y  h a v e  t h i s  c a s e  i n  p o i n t  in  s e v e r a l  o f  o u r  
l a b o r a t o r i e s .  We h a v e  a s s o c i a t e  d i r e c t o r s  who  h a v e  no  a d m i n i s t r a t i v e  
d u t i e s  w h a t e v e r .  I c a n  s a y  t h i s  t r u t h f u l l y ,  a n d  I e m p h a s i z e  t h e  f a c t  
b e c a u s e  i t  s e e m s  s o  s t r a n g e  to a lo t  o f  p e o p l e .  In  o u r  l a b o r a t o r i e s  t h e  
t o p  s c i e n t i s t ,  who  h a s  no  a d m i n i s t r a t i v e  d u t i e s ,  c a n  b e  p a i d  m o r e  t h a n  
t h e  d i r e c t o r  o f  t h e  l a b o r a t o r y .  We h a v e  no  t r o u b l e  w i t h  i t  a t  a l l .  T h e  
d i r e c t o r  o f  t h e  l a b o r a t o r y  u n d e r s t a n d s  i t .  

I c o u l d  go o n  a n d  t a l k  a b o u t  a l o t  o f  o t h e r  f a c e t s  h a v i n g  to  do w i t h  
i n d u s t r i a l  r e s e a r c h .  P a t e n t s ,  I t h i n k ,  w a s  o n e  o f  t h e  t h i n g s  o n  t h e  
l i s t  t h a t  I w a s  s u p p o s e d  to c o v e r .  S u r e ;  t h e  p a t e n t  s y s t e m  o f  t h e  
U n i t e d  S t a t e s  i s  e s s e n t i a l  to  t h e  r e s e a r c h  s y s t e m ,  b e c a u s e  y o u  a r e  
a l w a y s  h o p i n g ,  a n d  m a n a g e m e n t  i s  h o p i n g ,  t h a t  y o u  w i l l  be  a b l e  t o  g e t  
a 1 7 - y e a r  m o n o p o l y  w i t h o u t  v i o l a t i n g  t h e  a n t i t r u s t  l a w s .  T h e  p a t e n t  
s y s t e m  p r o v i d e s  t h i s .  In  o r d e r  to  f u l l y  t a k e  a d v a n t a g e  o f  i t ,  we  f i n d  t h a t  
w e  w o u l d  h a v e  to  h a v e  a t  l e a s t  o n e  m a n  f o r  e v e r y  100 s c i e n t i s t s  o r  
t e c h n i c a l  p e o p l e  i n  a l a b o r a t o r y  do n o t h i n g  b u t  f o l l o w  p a t e n t  m a t t e r s .  
Y o u  c a n ' t  c o u n t  o n  t h e  s c i e n t i s t  a n d  t h e  r e s e a r c h e r  h i m s e l f  to  w r i t e  
o u t  a p a t e n t  m e m o .  H e ' s  t o o  b u s y  o n  h i s  j ob ;  h e ' s  t oo  b u s y  w o r k i n g ,  
t h i n k i n g  a b o u t  w h a t  he  i s  t r y i n g  to  do .  P a t e n t s  a n d  a l l  t h e  r e s t  o f  i t  
a r e  o n  t h e  s i d e .  W h a t  we do i s  to  h a v e  p a t e n t  l i a i s o n  m a n ,  at  l e a s t  
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o n e  in  e a c h  of  o u r  l a b o r a t o r i e s ,  s o m e t i m e s  t w o ,  d e p e n d i n g  o n  t h e  
s i z e  o f  t h e  l ab ,  a n d  s o  o n .  He  k e e p s  in  t o u c h  w i t h  w h a t  i s  g o i n g  o n .  
I f  he  s e e s  s o m e t h i n g  p a t e n t a b l e ,  h e  g o e s  a r o u n d  a n d  s e e s  J i m  J o n e s ,  
a n d  s a y s ,  " L o o k ,  J i m ,  t h i s  l o o k s  p a t e n t a b l e .  P l e a s e  l e t  u s  g e t  i t  
d o w n  o n  p a p e r  a n d  s e n d  i t  i n t o  t h e  p a t e n t  o f f i c e  in  N e w  Y o r k .  " T h i s  
w o r k s .  I t  i s  t h e  o n l y  t h i n g  we  h a v e  f o u n d  t h a t  d o e s  w o r k .  T h e  m e n  
t h e m s e l v e s  l e t  i t  go  t o o  l o n g .  

O c c a s i o n a l l y ,  o f  c o u r s e ,  y o u  h a v e  w h a t  we c a l l  a p a t e n t  h o u n d .  
T h a t  w i l l  b e  s o m e  f e l l o w  who h a s n ' t  b e e n  a r o u n d  l o n g  e n o u g h  to  f i n d  
o u t  q u i t e  w h a t  i t ' s  a l l  a b o u t .  H e ' s  w r i t i n g  a p a t e n t  m e m o  e v e r y  w e e k  
a b o u t  t r i v i a .  B u t  t h i s  c o r r e c t s  i t s e l f  v e r y  q u i c k l y .  

So far as communication and dissemination of information, and 
the like, are concerned, again, one of the things that every youngster 
asks when he comes for a job--the Ph.D. fellows in particular, and 
today you pretty nearly need Ph. D. 's to do the research, because 
of the complexity of the problem--is,  "Do I have freedom to publish?" 
We say, "Yes, you do, within these limits. There are certain know- 
how areas where you may publish only after the process or the article 
in question has been in use for a couple of years. There are certain 
patent areas where you may publish only when the patent has been 
issued. With these two limitations and they are not serious limitations, 
gentlemen, I can assure you we want you to publish. " All right, what 
happens ? Generally in the first year or two that the fellow is with us, 
he will write a paper. He will be very proud of it. But try to get him 
to write another one. It 's a time-consuming task; it must be very 
carefully done and very carefully thought out, because any paper pub- 
lished by an industrial organization must be reviewed. At Carbide a 
paper must have a very intensive review by both scientists and engineers. 
When you go into print with something over the Carbide name--or  
General Electric or Bell or anybody else--you've got to maintain the 
reputation that has been developed. So every sentence gets a going over. 
It is a job; there 's  no question about it. The net result is that the men 
lose their ambition to write papers. We'd like to get more papers 
written. We are always after our people to write them. 

O n  t h e  o t h e r  h a n d ,  t h e y  w i l l  go  to  a s y m p o s i u m ,  s u c h  a s  t h e  G o r d o n  
C o n f e r e n c e ,  m e e t i n g s  h e r e  i n  W a s h i n g t o n ,  t e c h n i c a l  s o c i e t y  m e e t i n g s ,  
a n d  s o  o n .  T h e y  w i l l  s i t  a r o u n d  a n d  c h i n ,  a n d  t a l k  a b o u t  t h e s e  t h i n g s  
t o  t h e i r  c o n f r e r e s  i n  o t h e r  i n d u s t r i e s .  T h e y  w i l l  l e a r n  a l o t  t h e m s e l v e s ,  
t o o .  We s e n d  o u r  p e o p l e  to  m e e t i n g s .  T h e  o n l y  r e s e r v a t i o n  we  h a v e  o n  
o u r  p e o p l e  w h e n  t h e y  go to  m e e t i n g s  i s  t h a t  we w a n t  a t  l e a s t  o n e  m a n  b a c k  
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in  t he  l a b o r a t o r y  at  a n y  g i v e n  m o m e n t .  T h e r e  a r e  so  m a n y  m e e t i n g s  
t h a t  t h e y  c o u l d  be  out  a l l  t h e  t i m e .  T h i s  h a s  to  be  h a n d l e d  wi th  
j u d g m e n t .  

As  to w h a t  a l l  t h i s  m e a n s  to t he  n a t i o n a l  w e l f a r e ,  i t  i s  t r u e  t h a t  
in  i n d u s t r i a l  r e s e a r c h  the  m o t i v a t i o n  i s  to m a k e  m o n e y  f o r  t he  c o m p a n y ;  
bu t ,  b y  t h e  v e r y  n a t u r e  of  t h i n g s ,  s e r e n d i p i t y  p r e v a i l s .  I l i k e  to  u s e  
t h a t  w o r d  b e c a u s e  i t ' s  one  of  t he  b ig  o n e s  t h a t  c a n  be  e a s i l y  e x p l a i n e d .  
It m e a n s  a l u c k y  a c c i d e n t .  In o t h e r  w o r d s ,  t h e  i n t e r i o c k  o f  d e s i r a b l e  
p r o p e r t i e s ,  d e s i r a b l e  p e r f o r m a n c e ,  a n d  the  l i ke ,  t h a t  w h i c h  we  a r e  
l o o k i n g  f o r  in i n d u s t r y ,  and  t h a t  w h i c h  y o u  a r e  l o o k i n g  f o r  in  t h e  m i l i t a r y ,  
i s  so  c l o s e  t h a t  p r e t t y  n e a r l y  e v e r y t h i n g  t h a t  we f ind  in  i n d u s t r y  c a n  
be  a p p l i e d  to t h e  m i l i t a r y  o r  w i l i  h a v e  an  i m p a c t  on  w h a t  f i n a l l y  h a p p e n s  
in t he  m i l i t a r y .  

I s e e  t h a t  I h a v e  t a l k e d  j u s t  a b o u t  t he  l e n g t h  o f  t i m e  I w a s  r e q u e s t e d  
to t a l k .  As  y o u  c a n  g a t h e r ,  in  a f i e l d  of  t h i s  k ind  I c o u l d  go on  f o r  q u i t e  
a w h i l e .  I a m  no t  q u i t e  s u r e  w h e t h e r  I c o v e r e d  a l l  t h e  a s p e c t s  t h a t  w e r e  
g i v e n  to m e  in t h i s  v e r y  b e a u t i f u l  s t a t e m e n t  t h a t  I r e c e i v e d  f r o m  y o u r  
o f f i c e r s  h e r e .  It  w a s  a good  s t a t e m e n t .  I d i d n ' t  h a v e  to s t o p  a n d  t h i n k  
of  wha t  I w a s  g o i n g  to t a l k  a b o u t .  I h a d  it  m a d e  f o r  m e .  If  I h a v e  s k i p p e d  
a n y t h i n g  I t h i n k  we c a n  t a k e  c a r e  of  it  in  t he  d i s c u s s i o n  p e r i o d .  I s h a l l  
be  v e r y  h a p p y  to t r y  to a n s w e r  y o u r  q u e s t i o n s .  

C A P T A I N  S T E I G E L M A N :  G e n t l e m e n ,  D r .  K i n z e l  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 o c t o r ,  w h e n  y o u  c o m e  a c r o s s  an  i t e m  w h i c h  m a y  be  of  
b e n e f i t  to  t h e  p u b l i c  w e l f a r e  bu t  is  b e y o n d  t h e  c a p a b i l i t i e s  of  U n i o n  
C a r b i d e ,  o r  w h i c h  i s  o f  d e f e n s e  i n t e r e s t  but  no t  w i t h i n  y o u r  d e v e l o p m e n t a l  
po in t  of  v i e w  f r o m  a p r o f i t  po in t  of  v i e w ,  to w h o m  do y o u  t u r n  it  o v e r  ? 
O r  do y o u  t u r n  it  o v e r  ? To 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 ,  o r  t he  
m i l i t a r y  R ~ D  p e o p l e  ? O r  wha t  w o u l d  y o u  do wi th  a p r o j e c t  of  t h a t  k ind ,  
s i r  ? 

DR.  K I N Z E L :  We h a v e  h a d  s e v e r a l  s u c h  p r o j e c t s  a n d  h a v e  t u r n e d  
t h e m  o v e r  e i t h e r  to the  O f f i c e  of  N a v a l  R e s e a r c h  o r  to A r m y  O r d n a n c e .  
T h o s e  a r e  t h e  o n e s  I c a n  t h i n k  of .  T h e r e  w a s  o n e  g i v e n  to t he  W e s t e r n  
A i r  C o m m a n d .  A l s o  I t h i n k  we  t u r n e d  one  o v e r  to W r i g h t  F i e l d .  We 
a r e  in  r e l a t i v e l y  c l o s e  t o u c h  wi th  t h e  m i l i t a r y  p e o p l e ,  so  it  d o e s  no t  
p r e s e n t  a p r o b l e m  to us .  

Incidentally, before you ask another question, I would like to make 

a comment. I made one statement in my talk that one of the gentlemen 
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a s k e d  m e  to  c l a r i f y  f o r  h i m ,  a n d  so  I w a n t  to  c l a r i f y  i t  f o r  a l l  o f  y o u .  
I s a i d  t h a t  o u r  l e a r n i n g  r e s e a r c h  w a s  a b o u t  40 p e r c e n t  o f  t h e  r e s e a r c h  
we  do .  T h i s  i s  40 p e r c e n t  o f  r e s e a r c h  o n l y  a n d  n o t  o f  r e s e a r c h  p l u s  
d e v e l o p m e n t .  T h e  r e l a t i o n  o f  r e s e a r c h  a n d  d e v e l o p m e n t  c h a r g e s  w i l l  
v a r y  g r e a t l y  i n  v a r i o u s  c o m p a n i e s .  B u t  b r o a d l y  i t  i s  i n  t h e  o r d e r  o f  
m a g n i t u d e  o f  t w o  to  o n e ,  t o t a l .  

Q U E S T I O N :  D o c t o r  K i n z e l ,  I w a s  i n t e r e s t e d  in  y o u r  t w o  d i f f e r e n t  
r o u t e s  o f  a d v a n c e m e n t .  O n e  w a s  t h e  r e s e a r c h e r  o r  s c i e n t i s t  p r o f e s s i o n a l  
r o u t e ,  a n d  t h e  o t h e r  w a s  t h e  a d m i n i s t r a t i v e  r o u t e .  In  t h e  G o v e r n m e n t  
t h e  s u p e r v i s o r  o f  a l a b o r a t o r y  u n d e r  C i v i l  S e r v i c e  i s  e x p e c t e d  to  go t h e  
r o u t e  t h a t  s e e m s  to b e  t h e  a d m i n i s t r a t i v e  r o u t e  o f  e m p i r e  b u i l d i n g .  
I w a s  w o n d e r i n g  w h e r e  we  f a l l  d o w n  o n  t h i s  b u s i n e s s  o f  s u p e r v i s o r s  u n d e r  
C i v i l  S e r v i c e .  A t  w h a t  p o i n t  in  t h e  c a r e e r  o f  y o u r  l e a r n i n g  r e s e a r c h e r  
do  y o u  d e t e r m i n e  w h e t h e r  h e  i s  a c t u a l l y  s t u d y i n g  r e s e a r c h  o r  w h e t h e r  
he  i s  t h i n k i n g  a b o u t  a v a c a t i o n  a t  t h e  T h o u s a n d  I s l a n d s  ? H o w  do y o u  
f i n a l l y  s t a r t  h i m  o v e r  t h e  p r o f e s s i o n a l  r o u t e  ? 

D R.  K I N Z E L :  T h a t ' s  a v e r y  g o o d  q u e s t i o n .  In  a n s w e r i n g  i t ,  I 
h o p e  I d o n ' t  o f f e n d  a n y b o d y .  I t h i n k  o n e  o f  t h e  a d v a n t a g e s  t h a t  i n d u s t r y  
h a s  o v e r  G o v e r n m e n t  i s  t h a t  we m a k e  o u r  o w n  r u l e s ;  t h e r e f o r e  we  c a n  
b r e a k  t h e m ,  o r  c h a n g e  t h e m .  W e  s e l e c t  o u r  o w n  p e o p l e  a n d  h a v e  
c o n f i d e n c e  in  t h e m  a n d  r e l y  o n  p e r s o n a l  j u d g m e n t  r a t h e r  t h a n  o n  s o m e  
n u m e r i c a l  e v a l u a t i o n  o f  s o m e  s o r t .  We c a n  do t h i s  t o  a m u c h  g r e a t e r  
d e g r e e  t h a n  y o u  c a n  in  t h e  G o v e r n m e n t .  A c t u a l l y ,  g o i n g  up t h e  p r o -  
f e s s i o n a l  l a d d e r  i s  s t r i c t l y  a m a t t e r  o f  w h a t  t h e  m a n ' s  c o l l e a g u e s  t h i n k  
o f  h i m ,  a s  i n t e r p r e t e d  b y  t h e  d i r e c t o r  o f  t h a t  l a b o r a t o r y .  T h e r e ' s  n o  
n u m b e r  s y s t e m ;  t h e r e ' s  no  e v a l u a t i o n  s y s t e m  t h a t  h a s  b e e n  d e v i s e d ,  to  
t h e  b e s t  o f  m y  k n o w l e d g e .  So,  w i t h  y o u r  C i v i l  S e r v i c e ,  w h e r e  y o u  h a v e  
a g r e a t e r  n e e d  to  do t h i n g s  b y  n u m b e r ,  a s  i t  w e r e ,  y o u  h a v e  a d i f f e r e n t  
p r o b l e m  a n d  a m o r e  d i f f i c u l t  o n e .  

Q U E S T I O N :  S i r ,  w i t h  11 s e p a r a t e  d i v i s i o n s  c o n d u c t i n g  l e a r n i n g  
r e s e a r c h ,  a n d  t h e n  w i t h  t h i s  t o p  c o m p a n y  l e a r n i n g  r e s e a r c h  p o o l  m a k i n g  
12, w h a t  k i n d  o f  c o o r d i n a t i o n  do  y o u  u s e  to  b e  s u r e  t h e r e  i s  no  d u p l i c a t i o n ?  
O u r  t h r e e  s e r v i c e s  a r e  c o n d u c t i n g  r e s e a r c h  in  m i s s i l e s ,  a n d  we a r e  in  
f o r  a l o t  o f  c r i t i c i s m ,  a s  y o u  k n o w .  W o u l d  t h e  s a m e  t y p e  o f  c r i t i c i s m  
a p p l y  to  y o u r  12 u n i t s  c o n d u c t i n g  l e a r n i n g  r e s e a r c h ?  

D R .  K I N Z E L :  I t h i n k  t h a t  f i r s t  I w a n t  to  e m p h a s i z e  t h a t  y o u  h a v e  
d i r e c t e d  t h i s  q u e s t i o n  to  l e a r n i n g  r e s e a r c h .  N o w ,  a d u p l i c a t i o n  in  
l e a r n i n g  r e s e a r c h  i s  n o t  e x p e n s i v e ,  a n d  I h a v e  y e t  to  s e e  a n y  d u p l i c a t i o n ,  
b e c a u s e  no  t w o  m e n  w i l l  go  a b o u t  l e a r n i n g  t h e  s a m e  t h i n g  in  t h e  s a m e  w a y .  
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I n  t h e  l e a r n i n g  a r e a ,  t h e r e f o r e ,  t h e  d a n g e r  o f  d u p l i c a t i o n  i s  r e a l l y  
v e r y  s m a l l .  A c t u a l l y ,  we  do h a v e  a l a b o r a t o r y  s y m p o s i a ,  a n d  i n t e r -  
l a b o r a t o r y  c o m m i t t e e s  t h a t  a r e  c o m p o s e d  o f  g r o u p s  o f  a h a l f - d o z e n  
f e l l o w s  w o r k i n g  in  t h e  s a m e  g e n e r a l  f i e l d .  T h e y  v i s i t  e a c h  o t h e r  
r e g u l a r l y  a n d  we  m a i n t a i n  c o m m u n i c a t i o n  t h i s  w a y .  T h e s e  b o y s  
d o n ' t  w a n t  to  d u p l i c a t e ,  a n y w a y .  T h e r e ' s  no  p o i n t  to  i t .  So in  t h e  
l e a r n i n g  a r e a  t h e r e  i s  n o t  t o o  m u c h  o f  a p r o b l e m  o f  d u p l i c a t i o n .  

In  t h e  a p p l i e d  a r e a  we  b e g i n  to  g e t  i n t o  a r e a l  p r o b l e m .  T h i s  i s  
c o s t i n g  10 t i m e s  a s  m u c h  a s  a n y  g i v e n  p r o j e c t  in  l e a r n i n g .  So we  w a n t  
to  b e  s u r e  n o t  to  d u p l i c a t e .  T h e r e  i s  no  g r e a t  a d v a n t a g e  in  k n o w i n g  h o w  
to  m a k e  t h e  s a m e  t h i n g  in  tw o  d i f f e r e n t  w a y s ,  u n l e s s  t h e  l a s t  o n e  i s  
v e r y  m u c h  b e t t e r  t h a n  t h e  f i r s t .  

In our applications research, suppose we have a program set up 
that we can put our teeth in. But suppose there are two routes that we 

can take. We look at one way and evaluate the possible results; then we 

look at the other and evaluate the possible results. Then we say, "All 

right; we are going to go down this route. You, Jim Jones, over there, 

you cancel out." In development, of course, it becomes extremely 

easy, because there we look at the project sizewise. As I said, we 
take a very good, direct look at it. But there has been a lot of talk 

about duplication in learning research. This doesn't bother me. 

Q U E S T I O N :  S i r ,  a s  y o u  s p o k e  y o u  s a i d  t h e r e  i s  v e r y  l i t t l e  d a n g e r  
o f  d u p l i c a t i o n  in  l e a r n i n g  r e s e a r c h .  Y o u  m a d e  a s t a t e m e n t  b e f o r e ,  a n d  
I c o u l d n ' t  d e c i d e  w h i c h  s i d e  o f  t h e  f e n c e  y o u  w e r e  o n .  

DR.  K I N ~ E L :  G o o d ,  I d i d n ' t  k n o w  I w a s  t h a t  c l e v e r .  

STUDENT: I felt that youhad an inclination to say something that 

you didn't want to say. I would rather have the criticism on our researeh 

in the military departments come from a professional here than have it 

politically inspired; that is, eriticism on what we should do to change 

it. What is your opinion of our administration of both our research 

efforts and the performance of our laboratories in the military? Since 

Union Carbide does not have a centralized system, don't you think there 
is great danger in the loss of this personal-touch business in our whole 
research program if we go to a central committee here? Because we 

are going to have 117 intermediate bosses. Can you open up your heart 

and let us know professionally what you think of it, sir ? 
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g ,  f : 

DR. K I N Z E L :  P r o f e s s i o n a l l y  I d o n ' t  t h i n k  it  m a k e s  too  m u c h  
d i f f e r e n c e  i f  y o u  h a v e  117 i n t e r m e d i a t e  b o s s e s  o r  98, w h i c h  i s  m o r e  
o r  l e s s  w h a t  y o u  h a v e  now.  So f r o m  tha t  a n g l e  I d o n ' t  ge t  p a r t i c u l a r l y  
e x c i t e d .  My own  v i e w  i s - - a n d  aga in ,  l e t ' s  d i s t i n g u i s h  b e t w e e n  t he  
l e a r n i n g  and t he  a p p l i c a t i o n  r e s e a r c h - - t h a t  in the  l e a r n i n g  a r e a  i t  i s  
p e r f e c t l y  p r o p e r  to h a v e  t h e  A r m y ,  Navy ,  and  A i r  F o r c e  s p e n d  r e a s o n -  
ab ly ;  and  e v e n  t h o u g h  you  t r i p l e  the  s u m s  o r  m u l t i p l y  t h e m  by f ive ,  t h e y  
a r e  s t i l l  v e r y  m o d e r a t e  f o r  l e a r n i n g  r e s e a r c h .  

I t h i n k  t h a t  i s  in  o r d e r  to h a v e  o t h e r  o r g a n i z a t i o n s  in  the  G o v e r n -  
m e n t  d e v o t e  e f f o r t  to l e a r n i n g .  I do t h i n k  tha t  it wou ld  be h e l p f u l  i f  you  
c o u l d  ge t  a l i t t l e  b e t t e r  c o o r d i n a t i o n  a m o n g  t h e s e  g r o u p s ,  p a r t i c u l a r l y ,  
f r o m  the  s t a n d p o i n t  of  b e i n g  s u r e  t ha t  wha t  i s  l e a r n e d  o v e r  h e r e  i s  
k n o w n  o v e r  t h e r e .  T h i s  i s  a q u e s t i o n  of c o m m u n i c a t i o n .  So f a r  as  t he  
l e a r n i n g  p h a s e  of  t h i s  i s  c o n c e r n e d ,  I a m  not  a l a r m e d  one  way  o r  
a n o t h e r .  I c a n  s e e  q u i t e  a lo t  of  good  in  h a v i n g  m o r e  l a b o r a t o r i e s  d o i n g  
l e a r n i n g  r e s e a r c h ,  e v e n  t h o u g h  s o m e  of t h e s e  m a y  be  in  a f o u r t h  a g e n c y .  
I t h i n k  t h a t  c o u l d  be  good ,  r a t h e r  t h a n  bad .  I t h i n k  in b a l a n c e  i t  i s  on  

t he  good  s i d e .  

Bu t  the  m i n u t e  you  j u m p  f r o m  the  l e a r n i n g  to the  a p p l i e d  r e s e a r c h ,  
h e r e  i s  wha t  i s  b o u n d  to  h a p p e n  u n l e s s  it  is  h a n d l e d  w i t h  a v e r y  s t r o n g  
h a n d  and  u n l e s s  y o u  h a v e  s o m e o n e  in a p o s i t i o n  of  a u t h o r i t y  who i s  b o t h  
s t r o n g  and  k n o w i n g .  You  go f r o m  l e a r n i n g  to a p p l i c a t i o n  and  on  to y o u r  
d e v e l o p m e n t ,  and  t h i s  i s  r e a l l y  w h e r e  the  c r i t i c i s m  has  b e e n  of  the  
t h r e e  s e r v i c e s  in  y o u r  f a i l u r e  to c o o p e r a t e ,  if t he  c r i t i c i s m  i s  v a l i d .  
I t h i n k  i t  h a s  b e e n  c a u s e d  by  the  f ac t  t ha t  you  h a v e  gone  in to  d e v e l o p -  
m e n t  a r e a s  w i t h o u t  s u f f i c i e n t  c o n f e r e n c e  as  to t he  m e r i t s  of  any  one  
of  y o u r  f i n d i n g s ,  and  t h e r e  you  do hi t  d u p l i c a t i o n - - n o t  e x a c t  d u p l i c a t i o n ,  
bu t  c l o s e  e n o u g h  so  t ha t  t h e r e  i s  w a r r a n t y  in  t h e  c r i t i c i s m  t h a t  y o u  

d u p l i c a t e .  

So, k e e p  t he  o r i g i n a l  d i f f e r e n t i a l  in  m i n d - - t h a t  i s ,  in  r e s p e c t  to 
l e a r n i n g ,  a p p l i e d  r e s e a r c h ,  d e v e l o p m e n t - - a n d  t h e n  a l s o  b e a r  in  m i n d  
t h a t  in  l e a r n i n g  r e s e a r c h  you  s h o u l d  not  w o r r y  m u c h  abou t  d u p l i c a t i o n ;  
in  a p p l i e d  you  s h o u l d  w a t c h  i t  v e r y  c l o s e l y ;  and  in d e v e l o p m e n t  you  
j u s t  c a n ' t  a f f o r d  i t ,  f o r  t h e r e  is  j u s t  no t  e n o u g h  m o n e y ;  and  e v e n  i f  
t h e r e  w e r e  it  wou ld  no t  be  w i s e l y  sper~o 

If  a n o t h e r  a g e n c y  is  s e t  up t h a t  i s  f i n a l l y  g o i n g  to wind  up d o i n g  " 
d e v e l o p m e n t  w o r k  w i t h o u t  s u f f i c i e n t  c o o r d i n a t i o n  wi th  the  t h r e e  t h a t  
n o w  e x i s t - - a n d  I a g r e e ,  a l t h o u g h  m o s t  of  you  m a y  not ,  t ha t  t h e r e  is  
i n s u f f i c i e n t  c o o r d i n a t i o n  a m o n g  the  t h r e e  t ha t  now e x i s t - - t h e n  the  
s i t u a t i o n  wi l l  be  v e r y  b a d .  It  wi l l  be  m u c h  w o r s e  t h a n  i t  i s  now.  
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Q U E S T I O N :  D r .  K i n z e l ,  i n  c o n n e c t i o n  w i t h  p r o j e c t s  w h i c h  a r e  
s p o n s o r e d  b y  t h e  G o v e r n m e n t ,  o n e  o f  t h e  p r i n c i p a l  d i f f i c u l t i e s  a p p a r e n t l y  
h a s  b e e n  t h e  p r e s s u r e  to  m o v e  t h i s  p r o j e c t ,  n o t  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  bu t  a l m o s t  f r o m  b a s i c  r e s e a r c h  o n  i n to  p r o d u c t i o n ,  i f  y o u  w i l l .  
W o u l d  y o u  c a r e  to  c o m m e n t  o n  y o u r  e x p e r i e n c e  in  t h i s  m a t t e r ,  a n d  o n  
w h a t  p r e s s u r e s  m i g h t  e x i s t  i n  y o u r  c o m p a n y ?  

DR. K I N Z E L :  W e l l ,  t h e  e n t h u s i a s t  f o r  a p r o c e s s  a l w a y s  w a n t s  to  
do  j u s t  t h a t .  I a m  r e m i n d e d  o f  t h e  r e a c t o r  s i t u a t i o n ,  t h e  a t o m i c  r e a c t o r  
s i t u a t i o n .  T h e  v e r y  b e s t  r e a c t o r s ,  w i t h o u t  q u e s t i o n ,  a r e  t h o s e  t h a t  we 
k n o w  t h e  l e a s t  a b o u t .  T h i s  i s  a x i o m a t i c .  So,  w h e n  y o u  a r e  i n  t h e  
e a r l y  p h a s e  o f  t h e  a p p l i e d  s t a g e ,  o r  e v e n  t h r o u g h  i t ,  t h e  t e n d e n c y  a n d  
t h e  w i s h  to  j u m p  d e v e l o p m e n t  a n d  g e t  r i g h t  i n t o  p r o d u c t i o n  a r e  v e r y  
g r e a t  a n d  t h e  p r e s s u r e  i s  g r e a t .  

The way you answer this sort of thing is to ask, first, What is 

the need for the urgency? In business the need is to make money 
sooner, and in the military it is to keep ahead of the enemy. So you 
have to take a look at that. The next thing you look at, and this is 

something that I think is done quite well in industry and I suspect-- 

in fact, I have more than a suspicion--that it has not been done very 
well in the military, is what elements are involved. If you have a 

chemical process on a bench--applied research--in which the various 

steps are a standard filtration, a standard distillation, and a standard 

reaction at usual temperatures--all of which can be done in unit 
equipment of a kind that we are running all the time--sure, you can 
jump the development stage. In so doing, you will run into some bugs 
and it will be expensive to remove them. Nevertheless, in the end you 

will probably be ahead of the game by having done so. But, suppose 

in this complex there is a pressure precipitation at, let's say, I00 

degrees higher than what is normally operated. Also, there is a fil- 

tration with a slime, or something that might slime (you are not quite 

sure whether it will or not but, if you are not sure, you can be sure it 
will) and you don't know whether you can handle it. There also is a 
timing involved between the functioning of this unit and that unit. Then 

you can look at the project and say, "Now, the chances of bugs developing, 

which we are going to have to work out in the new product development, 

are so great that it would be absolutely silly to skip the development 
stage because of the terrific amounts of money involved; and in the end 
we would lose time as well." This is the way you have to make these 
decisions. 
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Q U E S T I O N :  S i r ,  y o u  m e n t i o n e d  a w h i l e  ago  t h e  p r e s s u r e  t h a t  i s  
g o i n g  o n  t o d a y  f o r  s o m e  s o r t  o f  F e d e r a l  o r  n a t i o n a l  o r g a n i z a t i o n  f o r  
r e s e a r c h  e i t h e r  i n  t h e  D e f e n s e  D e p a r t m e n t  o r  in  s o m e  o t h e r  d e p a r t -  
m e a t .  I t h i n k  t h a t  m o s t  o f  us  a g r e e ,  i n  r e g a r d  to  t h e  d o l l a r s  s p e n t ,  
t h a t  p r o b a b l y  m o r e  w o u l d  c o m e  o u t  o f  t h e  s a m e  a m o u n t s  o f  m o n e y  
s p e n t  by  i n d u s t r y  f o r  t h e i r  r e s e a r c h .  H a s  a n y  t h o u g h t  o r  a n y  d i s c u s -  
s i o n  b e e n  g i v e n  to  s o m e  s o r t  o f  r e b a t e  o r  t a x  b e n e f i t  f o r  t h a t  p a r t  o f  
r e s e a r c h  w h i c h  i s  p u r e ,  b a s i c ,  a n d  n o t  d e v e l o p m e n t ,  a n d  n o t  o f  a n y  
p r i m a r y  c o n c e r n  to  a n y  o n e  c o m p a n y ,  bu t  w h i c h  w o u l d  b e  o f  n a t i o n a l  
i n t e r e s t  a n d  c o u l d  b e  f i n a n c e d  by  a r e b a t e  o n  i n c o m e  t a x e s  ? 

DR.  K I N Z E L :  T h a t  h a s  b e e n  m e n t i o n e d .  I h a v e  h e a r d  i t  b e f o r e .  
I d o n ' t  k n o w  t h a t  a n y b o d y  i s  d o i n g  a n y t h i n g  a b o u t  i t  o r  t a k i n g  i t  v e r y  
s e r i o u s l y .  B u t  t h e r e  i s  a n o t h e r  p r o b l e m  in i n d u s t r y  r e s e a r c h  f o r  
t h e  G o v e r n m e n t .  W h e n  we do i t ,  we  a r e  p a i d  f o r  i t  u n d e r  t h e  r u l e s  
s e t  d o w n  b y  t h e  C o m p t r o l l e r ,  w h e r e b y  we  h a v e  c e r t a i n  i t e m s  a l l o w e d  a s  
o v e r h e a d .  B u t  r e m e m b e r  t h a t  w h a t  we  a r e  s h o o t i n g  f o r  in  i n d u s t r y  i s  
s a l e s .  A s  I s a i d ,  s e v e n  y e a r s  l a t e r  we e x p e c t  s a l e s  f i v e  t i m e s  t h e  
t o t a l  r e s e a r c h  a n d  d e v e l o p m e n t  c o s t .  We d o n ' t  j u s t  w a n t  to g e t  o u r  
m o n e y  b a c k .  W h e n  we t a k e  a G o v e r n m e n t  c o n t r a c t ,  we t a k e  t h e  c a p i t a l  
i n v e s t m e n t  a n d  t h e  p e o p l e  i n v e s t m e n t  t h a t  we h a v e  in  t h e  p r o j e c t  a n d  
s i m p l y  t u r n  i t  o v e r  w i t h o u t  n e t  p r o f i t .  So i t  i s  a s a c r i f i c e ,  b y  a n d  l a r g e .  
T h i s  h a s  n e v e r  b e e n  f u l l y  a p p r e c i a t e d .  So s o m e  s o r t  o f  e x t r a  b e n e f i t  
w o u l d  be  in  o r d e r ,  w h e t h e r  b y  t a x  r e b a t e  o r  s o m e t h i n g  e l s e .  

S T U D E N T :  I d i d n ' t  m e a n  o n  a c o n t r a c t  b a s i s - - I  m e a n  j u s t  l i k e  a n y  
o t h e r  t a x  r e d u c t i o n .  

DR.  K I N Z E L :  Y e s ,  bu t  w h e t h e r  we do i t  i n  t h e  p u b l i c  i n t e r e s t  o r  
on  c o n t r a c t ,  t h a t  h a s  b e e n  m e n t i o n e d .  B u t ,  a s  I s a i d ,  I d o n ' t  k n o w  t h a t  

a n y b o d y  i s  d o i n g  a n y t h i n g  a b o u t  i t .  

Q U E S T I O N :  S i r ,  in  t h e  a r e a  o f  e x c h a n g e  o f  i n f o r m a t i o n ,  h o w  m u c h  
do y o u r  p e o p l e  r e v i e w  f o r e i g n  p u b l i c a t i o n s - - F r e n c h ,  R u s s i a n ,  G e r m a n ?  
H o w  u s e f u l  do y o u  f i n d  t h e  i n f o r m a t i o n  o b t a i n e d  in  f o r e i g n  s c i e n t i f i c  
p u b l i c a t i o n s  ? 

DR.  K I N Z E L :  T h a t ' s  a t o u g h i e .  T o d a y ,  o f  c o u r s e ,  t h e r e  i s  s o  
m u c h  b e i n g  w r i t t e n  t h a t  i t  i s  a v e r y  d i f f i c u l t  p r o b l e m  to  k e e p  up w i t h  
t h e  l i t e r a t u r e .  We a r e  u s i n g  a l l  s o r t s  o f  d e v i c e s  in  t h e  w a y  of  s p e c i a l  
l i b r a r y  s e r v i c e ,  a b s t r a c t  s e r v i c e ,  a n d  w h a t  n o t .  In  t h e  l a s t  a n a l y s i s ,  
t h e  i n d i v i d u a l  r e s e a r c h e r  h a s  to  t a k e  w h a t  a i d s  he  c a n  g e t  and  u s e  t h e m .  
A c t u a l l y ,  w h a t  h a p p e n s  i s  t h a t  i f  an  a r t i c l e  h a s  a n y  i m p o r t a n c e  in  a n y  
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g i v e n  a r e a ,  w i t h i n  t h r e e  m o n t h s  o f  f o r e i g n  p u b l i c a t i o n ,  t h e  m a n  who  i s  
w o r k i n g  o n  a p r o j e c t  in  t h a t  a r e a  w i l l  s p o t  t h e  a r t i c l e  a n d  g e t  i t .  T h i s  
w o r k s  o u t  p r e t t y  w e l l .  I d o n ' t  k n o w  o f  a n y  c a s e  w h e r e  we  h a v e  m i s s e d  
a f o r e i g n  a r i t c l e  t h r e e  m o n t h s  a f t e r  i t  w a s  a v a i l a b l e  in  t h i s  c o u n t r y .  
B u t  w e  a r e  a l l  s c a r e d  t h a t  we a r e  g o i n g  to m i s s  t h e m .  

Q U E S T I O N :  S i r ,  s u p p o s e  o n e  o f  y o u r  r e s e a r c h e r s  r e q u i r e s  a n  
e x p e n s i v e  p i e c e  o f  a~ppa ra tus  o r  e n v i r o n m e n t a l  e q u i p m e n t .  W h a t  i s  t h e  
d e c i s i o n  p r o c e s s  b e f o r e  t h i s  i s  a p p r o v e d ,  a n d  w h e r e  d o e s  t h e  m o n e y  
c o m e  f r o m  ? 

DR.  K I N Z E L :  T h e  d e c i s i o n  p r o c e s s  i s  p r e t t y  s i m p l e .  T h e  v i c e  
p r e s i d e n t  in  c h a r g e  o f  t h a t  l a b o r a t o r y  a n d  t h e  d i v i s i o n  w i l l  d e c i d e  e i t h e r  
t h a t  h e  w o u l d  l i k e  to  h a v e  t h i s  e q u i p m e n t  f o r  h i s  l a b o r a t o r y  o r  t h a t  h e  
w o u l d n ' t .  T h e n ,  t h e  d e c i s i o n  h a v i n g  b e e n  m a d e  t h a t  t h i s  i s  a p r o p e r  
r e q u e s t ,  t h e  m o n e y  c o m e s  o u t  o f  a c a p i t a l  b u d g e t  w h i c h  i s  s e t  up  a n n u -  
a l l y  a n d  w h i c h  h a s  a c o n t i n g e n c y  f u n d  in  i t ,  a s  w e l l  a s  m o n e y  f o r  t h i n g s  
t h a t  c a n  h e  f o r e s e e n .  F o r  e x a m p l e ,  t h e y  w a n t e d  a V a n  de  G r a a f f  a c -  
c e l e r a t o r  a f e w  y e a r s  a g o  a t  o u r  p l a s t i c s  d i v i s i o n .  At  t h a t  t i m e  i t  
s o u n d e d  l i k e  a n  o d d  t h i n g  f o r  a p l a s t i c s  d i v i s i o n  to  h a v e ,  b u t  we  h a d  no  
t r o u b l e  w h a t s o e v e r  in  g e t t i n g  a p p r o v a l  f o r  p u r c h a s e  o f  t h e  V a n  de  G r a a f f .  
We w e r e  a l l  a g r e e d  t h a t  we  o u g h t  to  h a v e  i t .  T h i s  c o m e s  ou t  o f  t h e  
c a p i t a l  b u d g e t t i e d  in  w i t h  r e s e a r c h .  Of c o u r s e ,  i t  c o m e s  ou t  o f  t h e  
e a r n i n g s  o f  t h e  c o r p o r a t i o n .  

Q U E S T I O N :  W h a t  do  y o u  f i n d  a r e  t h e  m o s t  p r o d u c t i v e  y e a r s  f o r  
t h e  s c i e n t i s t s  who  a r e  w o r k i n g  f o r  you ,  a n d  w h a t  do  y o u  do w i t h  a m a n  
who  d o e s n ' t  p r o d u c e ?  T h a t  i s ,  m a y b e  he  j u s t  h a s n ' t  h a d  a b r e a k -  
t h r o u g h ,  a n d  i t  m i g h t  t a k e  20 o r  25 y e a r s  b e f o r e  he  c o m e s  t h r o u g h  w i t h  
s o m e t h i n g .  W h a t  do y o u  do in  a c a s e  l i k e  t h a t ?  

DR.  K I N Z E L :  T h i s ,  a g a i n ,  i s  a m a t t e r  o f  p e r s o n a l  j u d g m e n t  o n  
t h e  i n d i v i d u a l .  I f  he  h a s  no t  h a d  a b r e a k t h r o u g h  b u t  h i s  w o r k  h a s  
b e e n  s u c h  t h a t  we t h i n k  it  i s  a s  g o o d  a s  s o m e  o f  t h e  g o o d  b o y s  c o u l d  
h a v e  d o n e ,  we wi l l  j u s t  l e t  h i m  k e e p  o n  g o i n g .  If, o n  t h e  o t h e r  h a n d ,  
we  f e e l  t h a t  h e  h a s  l o s t  h i s  p u n c h  a n d  i s  n o t  a r e s e a r c h e r  a n y  m o r e . ,  
t h a t  h e  h a s  l o s t  h i s  c u r i o s i t y  a n d  h a s  s e t t l e d  d o w n ,  a n d  t h a t  he  i s  m o r e  
i n t e r e s t e d  in  t e l e v i s i o n  t h a n  in  r e a d i n g  a m a g a z i n e  in  h i s  o w n  a r e a  w h e n  
h e  g o e s  h o m e ,  we t r a n s f e r  h i m .  We a r e  n o t  s l a v e  d r i v e r s ;  we  a r e  
w i l l i n g  f o r  h i m  to  l o o k  a t  t e l e v i s i o n ,  bu t  we  w a n t  h i m  to  b e  m o r e  i n -  
t e r e s t e d  in  t h i n g s  c o n c e r n e d  w i t h  h i s  w o r k .  W h e n  h e  g e t s  to  t h a t  s t a g e - -  
a n d  i t  f r e q u e n t l y  h a p p e n s - - w e  t r a n s f e r  h i m - - p e r h a p s  to e n g i n e e r i n g ,  
T h a t  i s  no t  f u n n y .  I t  d o e s n ' t  m e a n  t h a t  h e  i s  l e s s  u s e f u l .  I t  m e a n s  
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t h a t  h i s  w o r k  w i l l  b e  m o r e  t a n g i b l e  a n d  l a i d  o u t  f o r  h i m .  H e  i s  n o t  
q u i t e  t h e  m a s t e r  o f  h i s  o w n  t i m e  to  t h e  s a m e  d e g r e e  t h a t  h e  w a s  in  
r e s e a r c h .  S o m e  m e n  w i l l  go  i n t o  s a l e s .  We p l a c e  t h e m  w h e r e v e r  
t h e i r  a p t i t u d e s  a r e .  W e  do  q u i t e  a lo t  o f  t r a n s f e r r i n g  f r o m  r e s e a r c h  
to  o t h e r  o p e r a t i o n s  o f  t h e  c o r p o r a t i o n .  

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

DR.  K I N Z E L :  L e t  m e  a n s w e r  y o u  a l i t t l e  i n d i r e c t l y  o n  t h a t  o n e .  
I d o n ' t  t h i n k  t h a t  t h e  p r e s e n t  s e c u r i t y  l a w s  a r e  i m p e d i n g  o u r  p r o g r e s s  
p a r t i c u l a r l y .  T h e r e  i s  no  t r o u b l e  i n  g e t t i n g  o u r  p e o p l e  c l e a r e d .  W e  
o p e r a t e  a t  O a k  R i d g e .  I a m  p r e s e n t l y  c h i e f  c o n s u l t a n t  i n  m e t a l l u r g y  
a t  L o s  A l a m o s .  So t h e r e  i s  no  g r e a t  p r o b l e m  s o  f a r  a s  t h e  i m m e d i a t e  
a n d  s p e c i f i c  p o i n t s  a r e  c o n c e r n e d .  B u t  I do b e l i e v e  t h a t  we  c o u l d  do 
w i t h  a g r e a t  d e a l  o f  d e c l a s s i f i c a t i o n  in  t h e  b a s i c  a n d  l e a r n i n g  a r e a s  i n  
t h e  a t o m i c  f i e l d .  H o w  m u c h  f u r t h e r  we  w o u l d  go i f  a g r e a t  d e a l  o f  t h i s  
i n f o r m a t i o n  w e r e  m o r e  r e a d i l y  a v a i l a b l e  i s  a m o o t  q u e s t i o n ;  b u t  I t h i n k  
we  w o u l d  go  f u r t h e r .  

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

DR.  K I N Z E L :  We j u s t  g e t  h o l d  o f  t h e m  a n d  e x p l a i n  t h e  s t o r y  to  
t h e m ,  a n d  s a y  t h a t  t h i s  i s  i t .  At  t h e  s a m e  t i m e ,  we  a r e  v e r y  c a r e f u l  
to  h a v e  a n o t h e r  p r o j e c t .  T h e n  we s h o w  t h e m  w h a t  a t e r r i f i c a l l y  i m p o r t a n t  
p r o j e c t  t h i s  o t h e r  o n e  i s  a n d  t e l l  t h e m  t h e y  a r e  j u s t  t h e  p e o p l e  f o r  i t .  

Q U E S T I O N :  S i r ,  we  h a v e  h e a r d  f r o m  p r e v i o u s  s p e a k e r s  t h a t  m o s t  
o f  t h e  o u t s t a n d i n g  b a s i c  r e s e a r c h  p e o p l e  h a v e  c o m e  f r o m  E u r o p e .  I 
a m  w o n d e r i n g  w h a t  y o u r  o b s e r v a t i o n s  a r e  c o n c e r n i n g  t h i s ,  a n d  y o u r  
f e e l i n g s  c o n c e r n i n g  t h e  s t i m u l a t i o n  of  c u r i o s i t y  in  g r a d u a t e  s t u d i e s  t h a t  
c o m e  to  y o u n g  P h . D .  ' s  v i a  o u r  e d u c a t i o n a l  s y s t e m .  

D R .  K I N Z E L :  O n  y o u r  s t a t e m e n t  t h a t  m o s t  o f  t h e  p e o p l e  c o m e  f r o m  
E u r o p e ,  I a m  n o t  s u r e  t h a t  i t  i s  t r u e .  C e r t a i n l y ,  s o m e  o f  t h o s e  t h a t  
h a v e  m a d e  t h e  h e a d l i n e s  h a v e  c o m e  f r o m  E u r o p e ,  a n d  i t  u n d o u b t e d l y  w a s  
t r u e  i n  t h e  p e r i o d  b e t w e e n  t h e  two  w a r s  o r  e v e n  e a r l i e r .  It  w a s  c e r t a i n l y  
t r u e  e a r l i e r .  
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R e m e m b e r ,  a t  t h e  t i m e  I g o t  o u t  o f  s c h o o l  ( C o l u m b i a  1919} i f  y o u  
w a n t e d  to do g r a d u a t e  w o r k  in  m a n y  f i e l d s  y o u  p r a c t i c a l l y  h a d  to  go 
to  E u r o p e ,  a n d  y o u  a c q u i r e d  a r e p u t a t i o n  i f  y o u  d i d  go .  I w e n t  to  
E u r o p e .  A l o t  o f  us  d i d .  T o d a y  t h e  r e v e r s e  h a s  h a p p e n e d .  E u r o p e a n s  
a r e  c o m i n g  o v e r  h e r e .  We a r e  i n  a s t a t e  o f  f l u x .  So f a r  a s  i n v e n t i o n s  
a n d  c r e a t i v i t y  a n d  s o  o n  a r e  c o n c e r n e d ,  I t h i n k  o u r  b o y s  a r e  r i g h t  up  
t h e r e  w i t h  t h e m .  As  to  w h a t  t h e  u n i v e r s i t i e s  a r e  d o i n g  to e n c o u r g e  
t h i s  a n d  b r i n g  i t  o u t ,  I f l h i n k  t h a t  we  h a v e  c r e a t i v e  f e l l o w s  i n  s p i t e  o f  
t h e  t r a i n i n g  t h a t  t h e y  a r e  g e t t i n g .  I a m  t a l k i n g  a b o u t  t h e  a v e r a g e  s c h o o l  
n o w .  T h e r e  a r e  e x c e p t i o n s ,  c e r t a i n l y .  B u t  I t h i n k  t h e  a v e r a g e  s c h o o l  
i s  a p t  t o  p u t  a P h . D .  o n  a r e s e a r c h  p r o j e c t  t h a t  i s  t h e  p e t  o f  s o m e  
p r o f e s s o r ,  a n d  h e  j u s t  g r i n d s  i t  o u t .  W h e n  he  c o m e s  o u t  t h e  i n f l u e n c e  
h a s  n o t  b e e n  s u c h  a s  to  m a k e  h i m  m o r e  c u r i o u s  o r  to  s t i m u l a t e  h i m  
p a r t i c u l a r l y .  D e p e n d i n g  o n  t h e  m a n ,  h e  c a n  c o r r e c t  t h a t  a f t e r  h e  
c o m e s  o u t ,  o r  he  m a y  n o t  j u s t  be  t h a t  k i n d  o f  f e l l o w .  

Q U E S T I O N :  D r .  K i n z e l ,  h o w  d o e s  c r e a t i v i t y  i n  t h e  s c i e n t i f i c  a r e a  
v a r y  w i t h  a g e ,  i f  i t  d o e s  ? C a n  y o u  g e n e r a l i z e  o n  t h a t  ? 

DR. K I N Z E L :  Y e s .  B u t  a g a i n  l e t  m e  s a y  t h a t  t h e r e  a r e  m a n y  
e x c e p t i o n s .  I t  i s  a n  i n t e r e s t i n g  t h i n g  t h a t  m o s t  o f  t h e  r e a l l y  g r e a t  
c o n c e p t s  h a v e  b e e n  g e n e r a t e d  b y  p e o p l e  u n d e r  30.  T h i s  g o e s  b a c k  in  
h i s t o r y .  T h i s  d o e s  n o t  m e a n ,  h o w e v e r ,  t h a t  p e o p l e  s t o p  g e n e r a t i n g  
a f t e r  30 .  S o m e  o f  t h e m  h a v e  g e n e r a t e d  l a t e r .  J a m e s  C l e r k  M a x w e l l  
k e p t  o n  g e n e r a t i n g  f i r s t - c l a s s  c o n c e p t s  u n t i l  h e  d i e d .  So d i d  E i n s t e i n .  
T h e y  w e r e  g r e a t  w h e n  t h e y  w e r e  y o u n g ,  t oo ,  y o u  s e e .  In  g e n e r a l ,  
t h o u g h ,  i n  r e s e a r c h ,  o n  t h e  s c i e n t i f i c  l a d d e r  t h a t  we  w e r e  t a l k i n g  a b o u t ,  
w e  f i n d  t h a t  t h e r e  a r e  a lo t  o f  p e o p l e  who  r e m a i n  h i g h l y  c r e a t i v e  ( m a y b e  
n o t  q u i t e  s o  c r e a t i v e  a s  w h e n  t h e y  w e r e  y o u n g e r }  r i g h t  up to  t h e  t i m e  
w h e n  we  p u t  t h e m  o n  c o n s u l t a n t s h i p  a n d  t h e y  f i n a l l y  p a s s  a w a y .  

C A P T A I N  S T E I G E L M A N :  D o c t o r ,  I w i s h  we  h a d  m o r e  t i m e  s o  t h a t  
y o u  w o u l d  a n s w e r  m o r e  q u e s t i o n s ,  ~ b u t  t h e  t i m e  h a s  r u n  o u t .  

DR.  K I N Z E L :  T h e  s p o t  w a s  g e t t i n g  h o t t e r .  

C A P T A I N  S T E I G E L M A N :  O n  b e h a l f  o f  t h e  s t u d e n t s  a n d  t h e  C o m m a n -  
d a n t  I w a n t  to  t h a n k  y o u  f o r  a m o s t  s t i m u l a t i n g  t a l k  a n d  f o r  y o u r  f r a n k n e s s  
i n  a n s w e r i n g  q u e s t i o n s .  T h a n k  y o u  v e r y  m u c h .  

(15 M a y  1 9 5 8 - - 4 ,  1 0 0 } O l m s r :  s g h  
20 


