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SUPERCONDUCTIVITY: AN OVERVIEW 

Recent  d i s c o v e r i e s  of m a t e r i a l s  t h a t  a r e  s u p e r c o n d u c t i n g ,  i . e . ,  
c a p a b l e  of c o n d u c t i n g  e l e c t r i c i t y  w i t h  no r e s i s t a n c e ,  a t  t e m p e r a t u r e s  much 
h i g h e r  t h a n  p r e v i o u s l y  known, r a i s e s  t h e  p o s s i b i l i t y  o f  g r e a t e r  
a p p l i c a t i o n  o f  s u p e r c o n d u c t i v i t y  w i t h  s u b s t a n t i a l  economic b e n e f i t s  o v e r  
t h e  n e x t  s e v e r a l  decades .  I f  t h e  m a t e r i a l s  can  be made t o  c a r r y  e l e c t r i c  
c u r r e n t  l e v e l s  needed f o r  most a p p l i c a t i o n s  and can be f a b r i c a t e d  e a s i l y  
i n t o  u s a b l e  s h a p e s  ( e . g . ,  w i r e s  a n d  t a p e s ) ,  s u p e r c o n d u c t i n g  
e l e c  t r o m a g n e t s  , power  g e n e r a t o r s ,  power t r a n s m i s s i o n  c a b l e s ,  and 
e l e c t r o n i c  d e v i c e s  c o u l d  o p e r a t e  - a t  l e s s  c o s t  and w i t h  much l e s s  
e n g i n e e r i n g  c o m p l e x i t y  t h a n  w i t h  e x i s t i n g  t echno logy .  S u c c e s s f u l  
deve lopment  p r o b a b l y  w i l l  r e q u i r e  a  th ree-pronged r e s e a r c h  and development  
e f f o r t  emphas i z ing :  ( 1 )  b a s i c  r e s e a r c h  toward a c h i e v i n g  s u p e r c o n d u c t o r s  
which c a n  o p e r a t e  a t  t e m p e r a t u r e s  s u f f i c i e n t l y  h i g h  t h a t  e x t e r n a l  c o o l i n g  
i s  n o t  r e q u i r e d  f o r  most a p p l i c a t i o n s  ( a  s o - c a l l e d  room t e m p e r a t u r e  
s u p e r c o n d u c t o r ) ;  ( 2 )  d e v e l o p m e n t  o f  t h e  new h i g h - t e m p e r a t u r e  
s u p e r c o n d u c t i n g  m a t e r i a l s  i n t o  shapes  and forms t h a t  a r e  r o u t i n e l y  
manufac tu red  and which ,  i n  t u r n ,  can  be  e a s i l y  f a b r i c a t e d  i n t o  v a r i o u s  
d e v i c e s ;  and ( 3 )  g r e a t e r  o p e r a t i n g  e x p e r i e n c e  w i t h  s u p e r c o n d u c t i n g  s y s t e m s  
and a p p l i c a t i o n s  u s i n g  e x i s t i n g  and e v o l v i n g  t echno logy .  The i n i t i a l  
p o l i c y  q u e s t i o n s  f o c u s  on t h e  p r o p e r  r o l e  f o r  t h e  F e d e r a l  Government i n  
r e s e a r c h ,  i n  m a t e r i a l s ,  and i n  t echno logy  and a p p l i c a t i o n s  development  
needed t o  s u c c e s s f u l l y  a p p l y  t h e s e  new m a t e r i a l s .  A more d e t a i l e d  r e p o r t  
on s u p e r c o n d u c t i v i t y  w i l l  be completed by CRS i n  t h e  n e a r  f u t u r e .  



ISSUE DEFINITION 

The d i s c o v e r y  o f  m a t e r i a l s  t h a t  a r e  supe rconduc t ing  a t  much h i g h e r  
t e m p e r a t u r e s  t h a n  p r e v i o u s l y  known has  opened up t h e  p o s s i b i l i t y  o f  
w i d e s p r e a d  a p p l i c a t i o n s  w i t h  s i g n i f i c a n t  economic b e n e f i t s .  Many 
t e c h n i c a l  problems remain ,  however, and much r e s e a r c h  and development  i s  
needed t o  move t h e  new m a t e r i a l s  t o  a  comnerc i a l  s t a g e .  I n  a d d i t i o n ,  
t h e r e  i s  conce rn  t h a t  o t h e r  i n d u s t r i a l  n a t i o n s  may move ahead  o f  t h e  
Un i t ed  S t a t e s  i n  r e a p i n g  t h e  p o t e n t i a l  economic b e n e f i t s  o f  t h e s e  new 
m a t e r i a l s .  

BACKGROUND AND ANALYSIS 

Recent  d i s c o v e r i e s  of m a t e r i a l s  t h a t  a r e  s u p e r c o n d u c t i n g ,  i . e . ,  
c a p a b l e  of  c o n d u c t i n g  e l e c t r i c i t y  w i t h  no r e s i s t a n c e ,  a t  t e m p e r a t u r e s  much 
h i g h e r  t h a n  p r e v i o u s l y  a c h i e v e d ,  r a i s e s  t h e  p o s s i b i l i t y  o f  g r e a t e r  
a p p l i c a t i o n  o f  s u p e r c o n d u c t i v i t y  w i t h  s u b s t a n t i a l  economic b e n e f i t s  o v e r  
t h e  n e x t  s e v e r a l  decades .  I f  t h e  m a t e r i a l s  can  be made t o  c a r r y  e l e c t r i c  
c u r r e n t  l e v e l s  needed f o r  most a p p l i c a t i o n s  and can  be f a b r i c a t e d  e a s i l y  
i n t o  u s a b l e  s h a p e s  ( e . g . ,  w i r e s  a n d  t a p e s ) ,  s u p e r c o n d u c t  i n g  
e l e c t r o m a g n e t s ,  power  g e n e r a t o r s ,  power t r a n s m i s s i o n  c a b l e s ,  and  
e l e c t r o n i c  d e v i c e s  c o u l d  o p e r a t e  a t  Less  c o s t  and w i t h  much less 
e n g i n e e r i n g  complex i ty  t h a n  w i t h  e x i s t i n g  technology.  Many o b s e r v e r s  have  
e x p r e s s e d  c o n c e r n ,  however,  t h a t  o t h e r  c o u n t r i e s ,  p a r t i c u l a r l y  J a p a n ,  w i l l  
t a k e  t h e  l e a d  i n  d e v e l o p i n g  t h e s e  t e c h n o l o g i e s  and e x p l o i t i n g  t h e i r  
p o t e n t i a l ,  l e a v i n g  t h e  Un i t ed  S t a t e s  a t  an economic d i s a d v a n t a g e  i f  i t  
d o e s  n o t  soon  t a k e  e f f e c t i v e  a c t i o n .  

S c i e n t i f i c  Background 

S u p e r c o n d u c t i v i t y  was d i s c o v e r e d  i n  1911 when t h e  Dutch p h y s i c i s t ,  
Kamnerl ingh Onnes,  found t h a t  mercury l o s t  a l l  e l e c t r i c a l  r e s i s t a n c e  when 
c o o l e d  by immersion i n  l i q u i d  he l ium t o  4.2 Kelv in  (K) ( e q u a l  t o  -452 F) .  
[ G a b a l l e ,  T. H . ,  a n d  J . K .  Hulm, Supe rconduc to r s  i n  E l e c t r i c - P o w e r  
Technology,  S c i e n t i f i c  American, Nov. 1980, p. 141.1 A t e m p e r a t u r e  a t  
which t h e  m a t e r i a l  becomes supe rconduc t ing  i s  c a l l e d  i t s  t r a n s i t i o n  
t e m p e r a t u r e .  The a b s e n c e  of  r e s i s t a n c e  means t h a t  no e l e c t r i c  power i s  
needed t o  m a i n t a i n  a n  e l e c t r i c  c u r r e n t ,  and t h e r e  a r e  no e n e r g y  l o s s e s  a s  
e x i s t  i n  c o n v e n t i o n a l  e l e c t r i c a l  d e v i c e s .  Kammerlingh Onnes was n o t  a b l e  
t o  e x p l o i t  t h i s  d i s c o v e r y ,  however, because  of o t h e r  c h a r a c t e r i s t i c s  which 
caused  t h e  s u p e r c o n d u c t i v i t y  t o  d i s a p p e a r  when a  sma l l  magne t i c  f i e l d  was 
c r e a t e d .  D i s c o v e r i e s  i n  t h e  1930s uncovered m a t e r i a l s  t h a t  had h i g h e r  
t r a n s i t i o n  t e m p e r a t u r e s  and remained supe rconduc t ing  under  more s t r i n g e n t  
c o n d i t i o n s ,  b u t  p r a c t i c a l  d e v i c e s  s t i l l  e luded  r e s e a r c h e r s .  I n  t h e  1950s ,  
a t h e o r y  was deve loped  t h a t  e x p l a i n e d  s u p e r c o n d u c t i v i t y ,  a l t h o u g h  t h e  
t h e o r y  was n o t  a b l e  t o  p r e d i c t  m a t e r i a l s  t h a t  would have h i g h e r  t r a n s i t i o n  
t e m p e r a t u r e s .  I n  t h e  1960s m e t a l l i c  supe rconduc t ing  m a t e r i a l s  were  
d i s c o v e r e d ,  which c o u l d  o p e r a t e  under  c o n d i t i o n s  r e q u i r e d  f o r  most 
a p p l i c a t i o n s  ( e l e c t r o m a g n e t s ,  e l e c t r o n i c s ,  e l e c t r i c  moeors,  e t c .  ). 
T r a n s i t i o n  t e m p e r a t u r e s  of t h e s e  new m a t e r i a l s  were s t i l l  low, a b o u t  1 8  K 
t o  2 3  K (-427 F  t o  -418 F ) ,  which meant t h a t  l i q u i d  he l ium was s t i l l  



r e q u i r e d  a s  t h e  c o o l a n t .  [ G a b a l l e ,  T.H., and J.K. Hulm, S u p e r c o n d u c t o r s  
i n  E l e c t r i c - P o w e r  Technology,  S c i e n t i f i c  American, Nov. 1980,  p. 144.1 
These  m e t a l l i c  s u p e r c o n d u c t o r s ,  however, s t i m u l a t e d  c o n s i d e r a b l e  wor ldwide  
a c t i v i t y  i n  a p p l i c a t i o n s  r e s e a r c h  t h a t  was c o n t i n u i n g  when t h e  r e c e n t  
d i s c o v e r i e s  of h i g h  t e m p e r a t u r e  s u p e r c o n d u c t o r s  were made. 

I n  1986,  s c i e n t i s t s  a t  IBM d i s c o v e r e d  a  ce ramic  compound t h a t  had  a  
t r a n s i t i o n  t e m p e r a t u r e  of 30 K. [ S u p e r c o n d u c t i v i t y  Seen Above t h e  B o i l i n g  
P o i n t  of  N i t r o g e n ,  P h y s i c s  Today, Apr. 1987,  p. 17.1 Al though t h i s  
m a t e r i a l  s t i l l  r e q u i r e d  l i q u i d  he l ium t o  a c h i e v e  a  s u p e r c o n d u c t i n g  s t a t e ,  
t h e  d i s c o v e r y  was a  major  i n c r e a s e  i n  t h e  t r a n s i t i o n  t e m p e r a t u r e .  More 
i m p o r t a n t l y ,  t h i s  f i n d i n g  q u i c k l y  opened t h e  d o o r  t o  d i s c o v e r i e s  o f  
compounds w i t h  h i g h e r  t r a n s i t i o n  t e m p e r a t u r e s .  I n  J a n u a r y  1987,  a  
compound t h a t  was s u p e r c o n d u c t i n g  a t  94 K (-364 F) was produced .  
[ S u p e r c o n d u c t i v i t y  Seen Above t h e  B o i l i n g  P o i n t  of N i t r o g e n ,  P h y s i c s  
Today, Apr. 1987,  p. 19.1 T h i s  d i s c o v e r y  was s i g n i f i c a n t  because  t h i s  
t e m p e r a t u r e  c o u l d  be r eached  by l i q u i d  n i t r o g e n ,  which i s  much c h e a p e r  and 
e a s i e r  t o  h a n d l e  t h a n  l i q u i d  hel ium. T h e r e f o r e ,  i f  t h i s  m a t e r i a l  c o u l d  be 
d e v e l o p e d  i n t o  a  u s e f u l  form, s u c h  a s  a  w i r e  o r  t a p e ,  t h e  c o m p l e x i t y  and 
c o s t  of c o o l i n g  r e q u i r e m e n t s  f o r  a p p l i c a t i o n s  of s u p e r c o n d u c t i v i t y  would 
be g r e a t l y  reduced .  S i n c e  t h e n ,  t h e r e  have  been announcements  of  c e r a m i c  
m a t e r i a l s  showing i n d i c a t i o n s  of s u p e r c o n d u c t i v i t y  a s  h i g h  as 300 K ( a b o u t  
8 1  F ) .  These  l a t t e r  o b s e r v a t i o n s  have n o t  been r e p r o d u c i b l e  and a p p e a r  i n  
o n l y  p a r t  o f  t h e  sample m a t e r i a l .  The h i g h e s t  t e m p e r a t u r e  s o  f a r  where 
a l l  a s p e c t s  have been seen  i s  225 K ( abou t  -54 F ) ,  a l t h o u g h  t h e s e  r e s u l t s ,  
t o o ,  a r e  n o t  f i r m .  (Supe rconduc to r  Breakthrough Repor ted  Near ,  Washington 
P o s t ,  May 23 ,  1987,  p. A l . ]  

The re  i s  a  growing f e e l i n g  among s c i e n t i s t s  t h a t  t h e  o b s e r v a t i o n s  
above  200 K ( a b o u t  -100F) may be more a  r e s u l t  o f  t h e  measu r ing  p r o c e s s  
t h a n  a c t u a l  e v i d e n c e  of  s u p e r c o n d u c t i v i t y .  [Chemical  and E n g i n e e r i n g  News, 
S e p t .  7 ,  1987,  p. 6.1 Such f e e l i n g s  have  grown s t r o n g e r  a s  months o f  
e f f o r t  have  f a i l e d  t o  c o n f i r m  t h e  numerous s i g h t i n g s  above 200 K w h i l e  t h e  
d i s c o v e r i e s  a t  94  K were conf i rmed i n  s e v e r a l  l a b s  soon a f t e r  t h e  f i r s t  
announcement .  Many o f  t h e s e  r e s e a r c h e r s ,  however, remain o p t i m i s t i c  t h a t  
h i g h e r  t e m p e r a t u r e  s u p e r c o n d u c t o r s  w i l l  be found,  a l t h o u g h  t h e  s e a r c h  may 
t a k e  a  l o n g  time. I n  t h i s  c o n n e c t i o n ,  r e s e a r c h e r s  have  been a b l e  t o  
i s o l a t e  t h o s e  p o r t i o n s  of  some samples t h a t  do  become s u p e r c o n d u c t i n g  a t  
t h e s e  h i g h  t e m p e r a t u r e s .  T h i s  s t e p  may a l l o w  r e s e a r c h e r s  t o  d e t e r m i n e  
whe the r  t h e  o b s e r v a t i o n s  above 200 K a r e  r e a l  a n d ,  i f  s o ,  what a r e  t h e  
s p e c i a l  p r o p e r t i e s  t h a t  a l l o w  s u p e r c o n d u c t i v i t y .  I n  a d d i t i o n ,  t h i s  
i s o l a t i o n  may pe rmi t  c o n s t r u c t i o n  of b u l k  m a t e r i a l s  t h a t  w i l l  r ema in  
s u p e r c o n d u c t i n g  a t  t h e s e  h i g h  t e m p e r a t u r e s .  The impor t ance  o f  f i n d i n g s  
n e a r i n g  300 K i s  t h e  p o s s i b i l i t y  o f  s u p e r c o n d u c t i v i t y  w i t h o u t  any  
e x t e r n a l  c o o l a n t ,  a  s o - c a l l e d  room t e m p e r a t u r e  s u p e r c o n d u c t o r .  Such a  
development  would r e s u l t  i n  a  r e d u c t i o n  i n  c o s t  and e n g i n e e r i n g  c o m p l e x i t y  
f o r  any  a p p l i c a t i o n  t h a t  would be  c o n s i d e r a b l y  g r e a t e r  t h a n  t h a t  which 
c o u l d  b e  a c h i e v e d  by go ing  from l i q u i d  he l ium t o  l i q u i d  n i t r o g e n .  I t  i s  
t h i s  p r o s p e c t  t h a t  is  most a p p e a l i n g  f o r  t h e  new h igh - t empera tu re  
s u p e r c o n d u c t o r s .  

D e s p i t e  t h e  e x c i t e m e n t  and promise of t h e s e  r e c e n t  d i s c o v e r i e s ,  t h e r e  
a r e  d i f f i c u l t  p r o b l e m s  t h a t  mus t  b e  overcome b e f o r e  t h e s e  new 
s u p e r c o n d u c t o r s  become a  commercial  t echnology.  Foremost  i s  t h a t  t h e y  



must be a b l e  t o  c a r r y  l a r g e  e l e c t r i c a l  c u r r e n t s  w i t h o u t  l o s i n g  t h e i r  
s u p e r c o n d u c t i v i t y .  To d a t e ,  c u r r e n t  d e n s i t i e s  ( c u r r e n t  p e r  u n i t  a r e a  of 
c r o s s  s e c t i o n )  have  been much lower t han  needed f o r  n e a r l y  a l l  p r a c t i c a l  
a p p l i c a t i o n s ,  a l t h o u g h  IBM h a s  ach i eved  h i g h  c u r r e n t  d e n s i t i e s  f o r  c e r t a i n  
c e r a m i c s  i n  t h e  shape  of t h i n  f i l m s .  [IBM Supe rconduc to r  Leaps C u r r e n t  
Hurd le ,  S c i e n c e ,  J u n e  5 ,  1987, p. 1189.1 Second,  c e r a m i c s  a r e  h a r d ,  
b r i t t l e  m a t e r i a l s  n o t  e a s i l y  formed i n t o  s h a p e s ,  such  a s  w i r e s  and t h i n  
f i l m s  needed  f o r  a p p l i c a t i o n s .  I t  w i l l  be n e c e s s a r y  t o  d e t e r m i n e  how t o  
p r o c e s s  t h e s e  m a t e r i a l s  i n t o  such  shapes  i n  a  r e l a t i v e l y  s t r a i g h t f o r w a r d  
manner i f  w idesp read  u s e  of  t h e s e  m a t e r i a l s  i s  t o  t a k e  p l a c e .  I t  i s  n o t  
y e t  c e r t a i n  t h a t  t h i s  goa l  can  be r eached ,  a l t h o u g h  advances  a r e  b e i n g  
made i n  a  number o f  l a b s .  I n  a d d i t i o n ,  i n e x p e n s i v e  m a n u f a c t u r i n g  
t e c h n o l o g i e s  w i l l  have t o  be developed  s o  t h a t  t h e  d e s i r e d  s h a p e s  and 
a p p l i c a t i o n s  c a n  be  made on a  l a r g e  s c a l e .  

A p p l i c a t i o n s  

The p o t e n t i a l  a p p l i c a t i o n s  of  s u p e r c o n d u c t i v i t y  a r e  v a s t .  S i n c e  t h e  
mid-1960s e n g i n e e r s  and s c i e n t i s t s  i n  t h e  Uni ted  S t a t e s ,  Europe ,  and J a p a n  
h a v e  made u s e  of  m e t a l l i c  ( l o w - t e m p e r a t u r e )  s u p e r c o n d u c t o r s  i n  
a p p l i c a t i o n s  r a n g i n g  from l a r g e  e l e c t r o m a g n e t s  and e l e c t r i c  power 
g e n e r a t o r s  t o  v e r y  small m i c r o e l e c t r o n i c  c i r c u i t s .  

The most s u c c e s s f u l  a p p l i c a t i o n  p robab ly  h a s  been s u p e r c o n d u c t i n g  
e l e c t r o m a g n e t s ,  which t a k e  advan tage  of  t h e  v e r y  l a r g e  c u r r e n t  t h a t  c a n  be 
c a r r i e d  by s u p e r c o n d u c t o r s  w i t h  v i r t u a l l y  no power r e q u i r e m e n t s .  
S u p e r c o n d u c t i n g  e l e c t r o m a g n e t s  a r e  used  i n  many s c i e n t i f i c  l a b s  i n  d e v i c e s  
such  a s  c o n t r o l l e d  f u s i o n  expe r imen t s  and l a r g e  p a r t i c l e  a c c e l e r a t o r s .  
The  h i g h - e n e r g y  p h y s i c s  a c c e l e r a t o r  a t  Fe rmi l ab  h a s  been u s i n g  
s u p e r c o n d u c t i n g  e l e c t r o m a g n e t s  s i n c e  1983 and t h e  proposed s u p e r c o n d u c t i n g  
s u p e r c o l l i d e r  would u s e  n e a r l y  10 ,000  such  magnets .  [ I m p l i c a t i o n s  o f  t h e  
new h i g h - t e m p e r a t u r e  supe rconduc t ing  m a t e r i a l s  f o r  t h e  SSC a r e  d i s c u s s e d  
i n  CRS I s s u e  B r i e f  87096.1 I n  a d d i t i o n ,  o v e r  600 a r e  i n  commercial  u s e  
i n  magne t i c  r e s o n a n c e  imaging medica l  d i a g n o s t i c  d e v i c e s .  A l so ,  v e r y  
l a r g e  s u p e r c o n d u c t i n g  e l e c t r o m a g n e t s  a r e  proposed f o r  e l e c t r i c  e n e r g y  
s t o r a g e  and t e s t s  have been run  on such  a  d e v i c e  by t h e  E l e c t r i c  Power 
R e s e a r c h  I n s t i t u t e  on  t h e  B o n n e v i l l e  e l e c t r i c  power  s y s t e m .  
[ L a r b a l e s t i e r ,  D . ,  e t  a l . ,  High-Field S u p e r c o n d u c t i v i t y ,  P h y s i c s  Today,  
Mar. 1986,  p. 32.1 A l i m i t a t i o n  on supe rconduc t ing  e l e c t r o m a g n e t s  i s  t h e  
s t r e n g t h  of t h e  m a t e r i a l s  forming  t h e  s t r u c t u r e  o f  t h e  e l e c t r o m a g n e t  and 
t h e  c o n d u c t o r s  t hemse lves .  The i n t e n s e  magnet ic  f i e l d s  t h a t  c a n  be  
g e n e r a t e d  by s u p e r c o n d u c t i n g  e l e c t r o m a g n e t s  c r e a t e  enormous f o r c e s .  The 
a b i l i t y  t o  m a i n t a i n  t h e  magne t ' s  s t r u c t u r e  and t o  p r e v e n t  movement o f  t h e  
c o n d u c t o r s  i n  t h e  f a c e  of  t h e s e  f o r c e s  u l t i m a t e l y  l imi ts  t h e  s i z e  of t h e  
magne t i c  f i e l d .  

Supe rconduc t ing  e l e c t r i c  power g e n e r a t o r s  a l s o  have been b u i l t  a t  
West inghouse  and MIT, a l t h o u g h  n o t  y e t  on t h e  s c a l e  r e q u i r e d  by an 
e l e c t r i c  u t i l i t y .  [ K i r t l e y ,  J.L.,  J r . ,  Supe rcoo l  G e n e r a t i o n ,  IEEE 
Spect rum,  Apr. 1983,  p. 28.1 I n  a d d i t i o n  t o  a  s l i g h t  i n c r e a s e  i n  o v e r a l l  
e f f i c i e n c y  -- from a b o u t  98.5% f o r  c o n v e n t i o n a l  machines  t o  a b o u t  99.5% 
f o r  s u p e r c o n d u c t i n g  machines ,  a  supe rconduc t ing  g e n e r a t o r  would b e  much 
s m a l l e r  f o r  a  g i v e n  power r a t i n g  t h a n  a c o n v e n t i o n a l  g e n e r a t o r .  T h i s  



size reduction results from the much higher magnetic fields that can be 
generated by superconducting electromagnets compared to a comparably sized 
conventional magnet. The superconducting generator's rotating 
electromagnet (coil) can be made much smaller and the iron that is 
normally needed to concentrate the magnetic field in a conventional 
generator can be eliminated in the superconducting version. Considerable 
engineering complexity is introduced, however, by the necessity of 
providing liquid helium cooling to the rotating coil in the generator. In 
addition to electric power applications, since 1970 the Navy has been 
building and designing superconducting motors and generators for ship 
propulsion. Successful test runs have been made of a 400 horsepower 
motor. [Superczynski, M.J., David W. Taylor Naval Ship Research and 
Development Center, private connnunication.] 

Another large scale application is electric power transmission. 
Successful development of a prototype superconducting electric power 
transmission cable has taken place at Brookhaven National Lab. [Forsyth, 
E.B., The Brookhaven Superconducting Power Transmission System, The 
Physics Teacher, May 1983, p. 285.1 Such cables have very large power 
handling capacities although only a small gain in energy efficiency 
because of the energy requirements of the liquid helium refrigeration 
system. Superconducting cables would be buried underground, which would 
add to the relative cost of these systems compared to conventional, 
overhead cables. In addition, superconducting power cables need to deal 
with the difficult technical problems of making transitions between the 
superconducting portion of the system and the conventional conducting 
portion at the terminus of the power cable, and in being able to handle 
electrical disturbances that could cause superconductivity to disappear. 

Small scale applications are also possible. In 1962, a 
superconducting device called the ~ o s e ~ h s o n  junction was discovered, 
which raised the possibility of very high speed computers with virtually 
no power use. [Hayakawa, H., Josephson Computer Technology, Physics 
Today, Mar. 1986, p. 46.1 These junctions could be switched on and off 
to provide the same kind of electronic control as a transistor has in a 
conventional computer circuit. In addition, the junctions could carry out 
this switching several times faster than a conventional circuit. There 
are very difficult fabrication problems with using these junctions, 
however, which are compounded by the need for liquid helium cooling. In 
addition, constraints forced by the particular circuit designs required to 
make use of these junctions as elements of a computer combined with 
advances in conventional transistor technology have nearly halted work in 
the U.S. on Josephson junction computers, although work continues in 
Japan. [IBM Drops Superconducting Computer Project, Science, Nov. 4, 
1983, p. 492.1 Despite these problems, the Josephson junction has found 
application in electronic instrumentation designed to measure extremely 
low electric and magnetic signals such as magnetic pulses from the brain 
and low-level infrared radiation. 

In the defense area, several possible applications have received 
attention over the past several years. In addition to their use for ship 
propulsion, superconducting generators have been designed for compact 
electric power supply such as may be needed aboard aircraft. Compact 
energy storage electromagnets to drive directed energy weapons and rail 



guns  a l s o  would be p o s s i b l e .  These e l e c t r o m a g n e t s  would r e l e a s e  t h e i r  
e n e r g y  i n  v e r y  s h o r t  time p e r i o d s ,  y i e l d i n g  enormous power l e v e l s .  
S u p e r c o n d u c t i n g  microwave sys tems t h a t  a l l o w  v e r y  l a r g e  microwave power 
l e v e l s  a r e  be ing  developed  t o  d r i v e  f r e e  e l e c t r o n  l a s e r s ,  which a r e  t h e  
major  c a n d i d a t e  f o r  d i r e c t e d  ene rgy  weapons. [ A v i a t i o n  Week & Space  
Technology,  Aug. 18 ,  1986,  p. 40.1 Such supe rconduc t ing  microwave sys t ems  
a l s o  c o u l d  be  u sed  i n  e l e c t r o n i c  w a r f a r e .  Another  example i s  l ow- l eve l  
i n f r a r e d  d e t e c t o r s  a s  s e n s i n g  d e v i c e s  t o  l o c a t e  enemy weapons. Such 
a p p l i c a t i o n s  produce  ex t r eme  s e l e c t i v i t y  i n  d i s c r i m i n a t i n g  between v a r i o u s  
h e a t  s o u r c e s .  

D e s p i t e  e x t e n s i v e  work on s u p e r c o n d u c t i v i t y  a p p l i c a t i o n s ,  s u c c e s s  t o  
d a t e  h a s  been l i m i t e d  by a  number of f a c t o r s .  Foremost a r e  t h e  h i g h  
o p e r a t i n g  c o s t s  and t e c h n i c a l  complex i ty  of  u s i n g  l i q u i d  he l ium a s  t h e  
c o o l a n t ,  a l t h o u g h  o p e r a t i n g  e x p e r i e n c e  has  shown t h a t ,  w i t h  s u f f i c i e n t  
c a r e ,  l i q u i d  h e l i u m  can  be handled  r e l i a b l y .  I n  a d d i t i o n ,  a s  d i s c u s s e d  
a b o v e ,  t h e r e  a r e  o t h e r  t e c h n i c a l  problems which a r e  r e l a t e d  t o  
c h a r a c t e r i s t i c s  of  s u p e r c o n d u c t i v i t y  o t h e r  t han  i t s  c o o l i n g  r e q u i r e m e n t s .  
For  example ,  t h e  n e c e s s i t y  of  p r o t e c t i n g  a g a i n s t  e l e c t r i c a l  d i s t u r b a n c e s  
and t h e  c i r c u i t  r e q u i r e m e n t s  o f  Josephson j u n c t i o n s  a r e  two such  problems.  
[ K i r t l e y ,  J.L., J r . ,  Supe rcoo l  G e n e r a t i o n ,  IEEE Spect rum,  A p r i l  1983,  p. 
28.1 N e v e r t h e l e s s ,  t h e  development of m a t e r i a l s  t h a t  can  u s e  c h e a p e r  
c o o l a n t s  ( o r ,  i d e a l l y ,  none a t  a l l ) ,  would make a p p l i c a t i o n s  of 
s u p e r c o n d u c t i v i t y  much more a t t r a c t i v e .  While t h e  c a p i t a l  c o s t s  o f  t h e s e  
d e v i c e s  might  n o t  be l e s s  t han  t h o s e  u s i n g  m e t a l l i c  s u p e r c o n d u c t o r s  -- 
i ndeed  s u c h  c o s t s  may be h i g h e r  depending  on t h e  c o s t  of c e r a m i c  h i g h  
t e m p e r a t u r e  s u p e r c o n d u c t i n g  m a t e r i a l s  -- t h e  o p e r a t i n g  c o s t s  would s u r e l y  
d r o p .  F u r t h e r ,  t h e  d e v i c e s  would be more f o r g i v i n g  t o  problems w i t h  t h e  
e n t i r e  c o o l i n g  sys t em i f  l i q u i d  n i t r o g e n  cou ld  be  used .  Of c o u r s e ,  i f  no  
c o o l i n g  were needed t h e y  may n o t  be much more compl i ca t ed  t o  o p e r a t e  t h a n  
c o n v e n t i o n a l  sys t ems .  

Research and Development Needs 

I f  we hope t o  r e a l i z e  t h e  promise of  h igh - t empera tu re  s u p e r c o n d u c t i n g  
m a t e r i a l s ,  r e s e a r c h  and development  i s  needed.  These R&D e f f o r t s  shou ld  
f o c u s  on t h r e e  a r e a s .  

F i r s t ,  t h e  r e s e a r c h  s h o u l d  c o n t i n u e  f o r  h i g h e r  t e m p e r a t u r e  
s u p e r c o n d u c t o r s  and f o r  a  b e t t e r  u n d e r s t a n d i n g  of  how t h e s e  new m a t e r i a l s  
work. These  g o a l s  a r e  t h e  pr imary  t a r g e t  o f  much of  t h e  c u r r e n t  b a s i c  
r e s e a r c h  on s u p e r c o n d u c t o r s  bo th  i n  t h e  Uni ted  S t a t e s  and a b r o a d .  I n  
p a r t i c u l a r ,  r e s e a r c h e r s  a r e  s e e k i n g  t o  f i n d  o u t  why some m a t e r i a l s  d i s p l a y  
n e a r  room-tempera ture  s u p e r c o n d u c t i v i t y  i n  o n l y  p a r t  o f  t h e  sample and why 
such  b e h a v i o r  o f t e n  i s  n o t  r e p r o d u c i b l e .  Another  g o a l  of  t h i s  phase  i s  
t o  d e t e r m i n e  t h e  f a c t o r s  t h a t  c o n t r o l  t h e  amount of  c u r r e n t  t h a t  can  be  
c a r r i e d  by t h e  h igh - t empera tu re  ceramic  supe rconduc to r s .  U n t i l  t h e  
c u r r e n t  c a r r y i n g  c a p a c i t y  of t h e s e  m a t e r i a l s  i s  i n c r e a s e d  by a t  l e a s t  
f a c t o r s  of  10  t o  100 ,  t h e i r  a p p l i c a t i o n s  w i l l  be s e v e r e l y  l i m i t e d .  

Second,  r e s e a r c h  and development  i s  needed s o  t h a t  h igh - t empera tu re  
s u p e r c o n d u c t i n g  m a t e r i a l s  can  be e a s i l y  formed i n t o  w i r e s ,  t a p e s  and t h i n  
f i l m s ,  a l l  o f  which a r e  needed f o r  v a r i o u s  a p p l i c a t i o n s .  A s  c e r a m i c s ,  



t h e s e  m a t e r i a l s  a r e  d i f f i c u l t  t o  shape  and f a b r i c a t e .  I n  a d d i t i o n ,  s u c h  
wires, t a p e s ,  and f i l m s  need t o  be e a s i l y  f a b r i c a t e d  i n t o  t h e  p a r t i c u l a r  
a p p l i c a t i o n .  Fo r  a p p l i c a t i o n s  i n  e l e c t r o m a g n e t s  and g e n e r a t o r s ,  t h e  
m a t e r i a l s  need t o  b e  s t r o n g  i n  o r d e r  t o  a c c o m o d a t e  t h e  enormous f o r c e s  
t h a t  w i l l  be g e n e r a t e d  by t h e  i n t e n s e  magnet ic  f i e l d s .  A l so ,  t h e  
m a t e r i a l s  must be c h e m i c a l l y  s t a b l e  and r e l a t i v e l y  i n s e n s i t i v e  t o  
c o r r o s i o n  r e s u l t i n g  from c o n t a c t  w i t h  t h e  envi ronment .  Wi thout  t h e s e  
l a t t e r  c h a r a c t e r i s t i c s ,  a p p l i c a t i o n s  u s i n g  t h e s e  new m a t e r i a l s  would be  
hampered by t h e  need t o  p r o v i d e  p r o t e c t i v e  c o v e r i n g s .  

I n  a d d i t i o n  t o  t h e  m a t e r i a l s  p r o p e r t i e s  t h e m s e l v e s ,  r e l i a b l e  
l o w - c o s t  p r o c e s s i n g  and manufac tu r ing  t e c h n i q u e s  w i l l  need t o  be 
deve loped .  Such t e c h n i q u e s  a r e  impor t an t  f o r  p roduc ing  w i r e s ,  t a p e s ,  and 
f i l m s  from t h e  h igh - t empera tu re  m a t e r i a l s  a s  w e l l  a s  m a n u f a c t u r i n g  t h e  
s u p e r c o n d u c t i n g  d e v i c e s  t hemse lves .  Obv ious ly ,  s u p e r c o n d u c t o r s  which  
would need no e x t e r n a l  c o o l i n g  would g r e a t l y  e a s e  t h e  manufac tu r ing .  

F i n a l l y ,  a d d i t i o n a l  r e s e a r c h  and development  on a p p l i c a t i o n s  t h a t  
u s e  e x i s t i n g  t e c h n o l o g y  ( m e t a l l i c  s u p e r c o n d u c t o r s )  would h e l p  p r o v i d e  t h e  
knowledge needed f o r  r o u t i n e  o p e r a t i o n  of  s u p e r c o n d u c t i n g  sys t ems .  A t  t h e  
same time, R&D shou ld  proceed  on new a p p l i c a t i o n s  t h a t  may be made 
p o s s i b l e  by t h e  new h igh - t empera tu re  s u p e r c o n d u c t o r s .  Most o f  t h e  
r e s e a r c h  on a p p l i c a t i o n s  begun i n  t h e  1960s h a s  wound down i n  t h e  p a s t  few 
y e a r s .  Much v a l u a b l e  e x p e r i e n c e  and knowledge a b o u t  b u i l d i n g  and 
o p e r a t i n g  s u p e r c o n d u c t i n g  sys t ems ,  however, h a s  been o b t a i n e d .  These  
e f f o r t s  shou ld  b e  c o n t i n u e d  even though t h e  new h igh - t empera tu re  m a t e r i a l s  
a r e  n o t  y e t  r e a d y  and t h i s  a p p l i c a t i o n s  r e s e a r c h  and development  a c t i v i t y  
w i l l  r e q u i r e  l i q u i d  hel ium-cooled t echno logy  f o r  some time t o  come. I t  i s  
i m p o r t a n t  t o  s o l v e  t h o s e  problems w i t h  s u p e r c o n d u c t i n g  a p p l i c a t i o n s  -- 
some o f  which a r e  d e s c r i b e d  above -- t h a t  a r e  n o t  a s s o c i a t e d  w i t h  
p a r t i c u l a r  c o o l i n g  r e q u i r e m e n t s .  A l so ,  i t  w i l l  be  i m p o r t a n t  t o  g a i n  
f u r t h e r  o p e r a t i n g  e x p e r i e n c e  w i t h  l a r g e  s c a l e  s u p e r c o n d u c t i n g  sys t ems  even  
w i t h  l i q u i d  he l ium t echno logy .  A s w i t c h  t o  l i q u i d  n i t r o g e n  o r  t h e  
e l i m i n a t i o n  of any  need f o r  c o o l i n g ,  w h i l e  c e r t a i n l y  e a s i n g  o p e r a t i o n s ,  
w i l l  n o t  change  much o f  t h e  fundamenta l  b e h a v i o r  of s u p e r c o n d u c t i n g  
d e v i c e s .  A l so ,  t h e  o p e r a t i n g  e x p e r i e n c e  g a i n e d  i n  t h i s  manner s h o u l d  
speed  t h e  i n t r o d u c t i o n  of supe rconduc t ing  d e v i c e s  i n t o  e l e c t r i c  power 
s y s t e m s ,  computer  sys t ems ,  weapons sys t ems ,  and o t h e r  sys t ems  where t h e s e  
d e v i c e s  a r e  l i k e l y  t o  f i n d  a p p l i c a t i o n .  

Resea rch  and development  on a p p l i c a t i o n s  under  development  w i t h  
m e t a l l i c  l o w t e m p e r a t u r e  s u p e r c o n d u c t o r s ,  however, must be  c a r e f u l l y  
s t r u c t u r e d  t o  a l l o w  a  r a p i d  and smooth t r a n s i t i o n  t o  h igh - t empera tu re  
s u p e r c o n d u c t o r s  when and i f  t h e  m a t e r i a l s  become a v a i l a b l e .  I n  o t h e r  
w o r d s ,  a s  h i g h  t e m p e r a t u r e  superconduct  i n g  w i r e s  and t a p e s  w i t h  
s u f f i c i e n t  c u r r e n t  c a r r y i n g  c a p a c i t y  become a v a i l a b l e ,  a  w e l l  d e s i g n e d  
a p p l i c a t i o n s  program shou ld  be a b l e  t o  s u b s t i t u t e  them f o r  e x i s t i n g  
t e c h n o l o g y  w i t h o u t  major  d i s r u p t i o n  of t h e  program. Fo r  t h i s  r e a s o n ,  t h e  
a p p l i c a t i o n s  R&D should  be  w e l l  i n t e g r a t e d  w i t h  t h e  m a t e r i a l s  development  
i n  o r d e r  t o  h e l p  t h e  l a t t e r  t h e  most p r o d u c t i v e  pa th .  



P o l i c y  C o n s i d e r a t i o n s  

The promise  o f  t h e  r e c e n t  d i s c o v e r i e s  coupled  w i t h  t h e  N a t i o n ' s  
c o n c e r n  a b o u t  f u t u r e  economic growth and f o r e i g n  c o m p e t i t i o n  i n  d e v e l o p i n g  
new t e c h n o l o g i e s  and p r o d u c t s  have prompted c a l l s  f o r  a  c o n c e r t e d  F e d e r a l  
e f f o r t  t o  d e v e l o p  r a p i d l y  t h e  new supe rconduc t ing  t echno logy .  I n  
p a r t i c u l a r ,  t h e  J a p a n e s e  have  formed a  j o i n t  gove rnmen t - indus t ry  commit tee  
t o  d i r e c t  r e s e a r c h  and w i l l  e s t a b l i s h  a  c e n t e r  f o r  t e s t i n g  and a p p l i c a t i o n  
of t h e  new m a t e r i a l s .  [Two D i f f e r e n t  Cadences I n  t h e  Supe rconduc to r  Race. 
Washington P o s t ,  May 21,  1987,  p. Al.] T h e i r  a c t i o n s  have r a i s e d  t h e  
c o n c e r n  t h a t  t h e  Uni ted  S t a t e s  w i l l  s e e  o t h e r  c o u n t r i e s  domina t e  t h e  
comnerc i a l  a p p l i c a t i o n  o f  t h e s e  h igh - t empera tu re  s u p e r c o n d u c t o r s .  One 
r e s u l t  o f  t h i s  c o n c e r n  h a s  b e e n  t h e  u p s u r g e  i n  f u n d i n g  o f  
s u p e r c o n d u c t i v i t y  r e s e a r c h  i n  r e c e n t  months by bo th  t h e  U.S. Government 
and p r i v a t e  s e c t o r s .  Research  on s u p e r c o n d u c t i v i t y  has  l ong  been 
s u p p o r t e d  by t h e  F e d e r a l  Government, i n c l u d i n g  t h e  N a t i o n a l  S c i e n c e  
Founda t ion ,  Department  of  Energy,  Department of Defense ,  N a t i o n a l  Bureau 
of  S t a n d a r d s ,  and NASA, a l t h o u g h  fund ing  was d e c l i n i n g  p r i o r  t o  1987. The 
ma jo r  r e a s o n s  f o r  t h e  d e c l i n e  were d e c r e a s i n g  economic p r o s p e c t s  f o r  
p o t e n t i a l  a p p l i c a t i o n s  -- p a r t i c u l a r l y  i n  t h e  e l e c t r i c  power f i e l d  -- and 
d i f f i c u l t  t e c h n i c a l  problems.  From a  low of  about  10 m i l l i o n  d o l l a r s  i n  
1986,  F e d e r a l  f u n d i n g  f o r  s u p e r c o n d u c t i v i t y  r e s e a r c h  has  grown t o  a b o u t  
$32 t o  $50 m i l l i o n ,  a l l  by reprogramming. A c o n s i d e r a b l e  i n c r e a s e  i s  
e x p e c t e d  i n  t h e  coming f i s c a l  y e a r .  

I n  a d d i t i o n  t o  g r e a t e r  r e s e a r c h  f u n d i n g ,  o t h e r  measures  a r e  b e i n g  
p r o p o s e d  t o  a c c e l e r a t e  U.S. e f f o r t s  t o  d e v e l o p  and e x p l o i t  h i g h  
t e m p e r a t u r e  s u p e r c o n d u c t o r s .  These p r o p o s a l s  emphasize c o o r d i n a t i o n  o f  
r e s e a r c h  and development  w i t h i n  t h e  F e d e r a l  Government. Some d e s i g n a t e  a  
l e a d  agency .  Another  comnonal i ty  i s  a  s t r o n g  f o c u s  on t e c h n o l o g y  
development ;  i n  o t h e r  words, p r o v i d i n g  r e s o u r c e s  t o  d e v e l o p  t h e  t e c h n o l o g y  
of  h i g h - t e m p e r a t u r e  s u p e r c o n d u c t o r s  t o  a  p o i n t  c l o s e  t o  c o r m e r c i a l  
r e a d i n e s s .  

I n  a s s e s s i n g  t h e s e  p r o p o s a l s ,  t h e r e  a r e  s e v e r a l  p o i n t s  t h a t  might  be  
c o n s i d e r e d .  The f i r s t  q u e s t i o n  i s  whether  t h e  Government needs  t o  p l a y  an 
expanded r o l e  i f  t h e  new h i g h  t e m p e r a t u r e  s u p e r c o n d u c t o r s  a r e  t o  f i n d  
t h e i r  way i n t o  comnerc i a l  a p p l i c a t i o n s .  The v i g o r  w i t h  which companies 
such  a s  IBM, AT&T, DuPont, and a  h o s t  of s m a l l e r  companies a r e  p u r s u i n g  
t h e  development  of supe rconduc t ing  m a t e r i a l s  a p p e a r s  t o  s u p p o r t  t h e  
c o n t e n t i o n  t h a t  t h e  p r i v a t e  s e c t o r  w i l l  n o t  need a d d i t i o n a l  h e l p .  
F u r t h e r ,  t h e  l a r g e r  companies may p o s s e s s  r e s o u r c e s  t o  c a r r y  t h r o u g h  
development  of t h e s e  m a t e r i a l s ,  a l t h o u g h  t h i s  o n l y  may be  t r u e  f o r  
e l e c t r o n i c  a p p l i c a t i o n s .  F e d e r a l  fund ing  of r e s e a r c h  i n t o  t h e  p h y s i c s  and 
e n g i n e e r i n g  of t h e  new m a t e r i a l s  w i l l  l i k e l y  be  a s t r o n g  supplement  t o  t h e  
i n d u s t r i a l  e f f o r t s .  

T imely  and e f f e c t i v e  t echno logy  development ,  however,  may r e q u i r e  a  
more c o n c e r t e d ,  p lanned  e f f o r t  w i t h  s e v e r a l  app roaches  p o s s i b l e .  I f  a  
l e a d  agency  i s  t o  be d e s i g n a t e d ,  c o n s i d e r a t i o n  of t h e  l i m i t s  o f  i t s  
a u t h o r i t y  i s  i m p o r t a n t .  Fo r  example,  a  l e a d  agency  may be cha rged  s o l e l y  
w i t h  e n s u r i n g ,  t o  t h e  e x t e n t  p o s s i b l e ,  t h a t  a l l  F e d e r a l  R&D e f f o r t s  
complement t h o s e  o f  t h e  p r i v a t e  s e c t o r ,  and t h a t  t h e r e  i s  e f f e c t i v e  
t r a n s f e r  of r e s u l t s  of  t h e  f e d e r a l l y  sponsored  programs.  T h i s  a p p r o a c h  



may be especially useful for pursuing large-scale applications that are 
farther away in time and may not command the same level of private sector 
support as the electronic applications. If this path is followed, it 
would be important for the lead agency to be experienced in a wide range 
of potential application areas. Another approach would be to make 
extensive use of existing Federal facilities. Designating an existing 
national lab to carry out most or all of the Federal civilian RhD efforts 
in basic research and technology development, and to be responsible for 
cooperative research projects among industry, universities, and Government 
researchers, may be one way to deal with this issue. This approach may be 
particularly productive in assuring that research on materials development 
and processing is managed effectively, and that development and testing of 
large-scale applications requiring extensive resources and facilities is 
carried out. An alternative to a single major RhD center might be to have 
several cooperative materials and applications development projects 
carried out or managed by different Federal facilities. This could 
involve existing Materials Research Centers and Engineering Research 
Centers. In the case of a dispersed research effort, the question of how 
and to what level R&D activities among the various Federal sponsors should 
be coordinated still would need addressing. Finally, the potential for 
greater international collaboration should be considered. While an 
important goal of the several proposals is to ensure major U.S. 
participation in the development and marketing of high-temperature 
superconductors, there are and will continue to be substantial 
international efforts. The most efficient path to exploiting these new 
discoveries may be through strong international collaboration. 

Initiatives have come forth from both the Congress and Administration 
to address these issues. At the Federal Conference on Commercial 
Applications of Superconductivity, held on July 28 and 29, 1987, President 
Reagan announced an 11-point Superconductivity Initiative. The Initiative 
establishes superconductivity research centers within the Department of 
Energy and the National Bureau of Standards, directs the Department of 
Defense to spend $150 million over the next 3 years on the development of 
superconductivity technologies for military systems, and creates a "wise 
 en" Advisory Group on superconductivity, composed of representatives from 
industry and academia, who would advise the Administration on research and 
commercialization policies. The Administration plan also proposes 
modifications in laws pertaining to patents, antitrust, and intellectual 
property. Congressional initiatives are described below. 

Conclusions 

If engineering requirements can be met, the promise of 
superconducting materials is quite large. The potential is particularly 
great if a superconductor is found that does not require external cooling. 
Despite the rapid advances seen thus far, fulfilling all of this promise 
will take several years. Along with continued painstaking search for 
higher temperature superconductors, development of materials and 
applications is still needed. Further, the large capital stock in place 
-- e.g., generators and power cables -- that could clearly benefit from 
the new superconduct ing materials will take considerable time to be 
replaced. The difficult problems that remain to be solved and the 



long-term economic potential of high-temperature superconductors, however, 
lend urgency to beginning efforts that will best allow this -Nation to 
benefit from these exciting and promising discoveries. 

LEG1 SLATION 

H.R. 2069 (Bitter) 
Superconductivity Competition Act of 1987. Creates a National 

Commission on Commercial and National Defense Applications of 
Superconductors to study methods of developing improved superconductors 
and ways to expand the comnercial and strategic use of superconductors. 
Introduced Apr. 9, 1987; referred jointly to Committees on Science, Space, 
and Technology and on Armed Services. 

H.R. 3024 (Bitter) 
National Superconductor Manufacturing and Processing Technology Act 

of 1987. Establishes a National Superconductor Manufacturing and 
Processing Technology Initiative to be implemented by the Defense 
Advanced Research Projects Agency (DARPA), Department of Energy (DOE), 
National Science Foundation (NSF), and National Bureau of Standards 
(NBS). Identifies DARPA as the appropriate agency to implement the 
majority of this initiative. Establishes a Superconductivity 
Manufacturing and Processing Technology Coordinating Council to coordinate 
Federal superconductivity RbD. Creates a National Commission on 
Superconductivity (composed of members from Government, industry, and 
academia) to assist the Congress in devising a national strategy to assure 
U.S. leadership in the development and application of superconducting 
technologies. Designates the National Critical Materials Council as the 
coordinating body of the Commission. Authorizes $400 million for FY88 
through FY92 for the purposes of this program. Introduced July 28, 1987; 
referred jointly to Committees on Science, Space, and Technology and on 
Armed Services. 

H.R. 3217 (HcCurdy) 
National Superconductivity, Competitiveness, and National Security 

Act of 1987. Directs the National Critical Materials Council (NCMC) to 
establish a 5-year National Federal Program on Superconductivity Research 
and Development. Prior to establishment of the Program, the NCMC is 
instructed to appoint a National Advisory Corrrmission on Superconductivity 
(composed of representatives from Government, industry and academia) which 
to review all major policy issues surrounding the development and 
application of superconductivity technologies. Directs the Department of 
Energy, Department of Commerce (including National Bureau of Standards), 
Department of Defense, and National Science Foundation to implement this 
program by establishing (1) an Office of Superconductivity within each of 
these agencies; (2) one or more Consortia for Enabling Superconductivity 
Technologies within DOE'S National Laboratories; and ( 3 )  National 
Superconductivity Research Centers within NSF. Authorizes $150 million 
for FY89 through FY93 for the purposes of this program. Introduced Aug. 
7, 1987; referred jointly to Committees on Science, Space, and Technology 
and on Armed Services. 



S. 880 (Durenberger) 
Superconductivity Competition Act of 1987. Creates a National 

Commission on Commercial and National Defense Applications of 
Superconductors to study methods of developing improved superconductors 
and ways to expand the comnercial and strategic use of superconductors. 
Introduced Mar. 30, 1987; referred to Committee on Governmental Affairs. 

S. 1480 (Domenici) 
Department of Energy National Laboratory Cooperative Research 

Initiatives Act. Title I directs the Secretary of Energy to establish 
cooperative research centers in enabling technology for superconducting 
materials at the National Laboratories. Also directs the Secretary of 
Energy to form a Council for Research on Enabling Technologies, composed 
of representatives of Government, industry, and universities, to provide 
guidance in setting goals and strategies for research on critical enabling 
technologies in high-temperature superconductors. Introduced July 10, 
1987; referred to Committee on Energy and Natural Resources. 
Subcommittee on Energy Research and ~evelopment held hearing Sept. 15, 
1987. 


