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ABSTRACT 
. * .  ' 

A wide range o f  MHD s t a b l e  h i g h  8 plasmas is  p r o d u c e d i n  t h e  

Wisconsin L e v i t a t e d  Octupole.  A t  o r  n e a r  t h e  s i n g l e  f l u i d  regime w e  

o b t a i n ,  i n  t h e  bad c u r v a t u r e  r e g i o n ,  B = ~ ~ ( T , + T ~ ) ~ " T / B ~  5 85,  twice t h e  

t h e o r e t i c a l  s i n g l e  f l u i d  ba l loon ing  i n s t a b i l i t y  l i m i t  o f  4%. We a l s o  

o b t a i n  s t a b l e  plasmas a t  B Z 358, 9 times t h e  t h e o r e t i c a l  l i m i t ,  i n  a 

regime i n  which both  f i n i t e  i on  g y r o r a d i u s  and g y r o v i s c o s i t y  e f f e c t s  

are important .  
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The high fi ( =  plasma pressure /magnet ic  ~ r e s s u r e )  . 

mugnet,ohydrodynmic bn l loon ing  i n s t a b i l i t y  is p red i c t ed  t o  s e t  

a  B l i m i t  f o r  any ave rage  minimum B system such a s  tokamaksl; tandem 

mi r ro r s2  and mul'tipoles3. Bal looning  mode s tudy  i n  a t o r o i d a l  

m u l t i p o l e  is . s imples t  i n  t h a t  m u l t i p o l e s  may be opera ted  without  

magnet ic  s h e a r  ( u n l i k e  tokamaks) and c o n t a i n  an' i gno rab l e  c o o r d i n a t e  

( u n l i k e  tandem m i r r o r s ) .  Thus h igh  B m u l t i p o l e  experiments  can t e s t  ' 

b a l l o o n i n g  mode theo ry ;  i f  m u l t i p o l e  B l i m i t s  a r e  i n c o r r e c t l y  

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

These B l i m i t s  a l s o  i n f l u e n c e  t h e  f e a s i b i l i t y  o f  a  m u l t i p o l e  advanced 

4 f u e l  r e a c t o r  . 
Extremely h igh  f3 plasmas a r e  produced5 i n  t h e  Wisconsin L e v i t a t e d  

Toro ida l  Octupole  i n  a s e a r c h  f o r  ba l loon ing  e f f e c t s .  .A broad range  o f  

MHD s t a b l e  h igh  B plasmas a r e  ob t a ined  w i t h  parameters  vary ing  from t h e  

i d e a l  s i n g l e  f l u i d  t o  t h e  k i n e t i c  regime. I n  a l l  c a s e s ,  B is e v a l u a t e d  

l o c a l l y  i n  t h e  bad c u r v a t u r e ,  h i g h  f i e l d  r e g i o n  (F ig .  1 ) .  l3 is  h ighe r  

a t  n e a r l y  a l l  o t h e r  l o c a t i o n s .  

Near t h e  s i n g l e  f l u i d  regime we have a t t a i n e d  B = nk(Te+Ti)8-rr/B 2 

of 82, twice t h e  t h e o r e t i c a l  s i n g l e  f l u i d  ba l loon ing  limit o f  4%. 

S i n c e  Lp - 5pi, where Lp = p/(Vp) i s  t h e  p r e s s u r e  s c a l e  l e n g t h  and pi  

is t h e  i on  thermal  g y r o r a d i u s ,  f i n i t e  i o n  gy ro rad ius  eyt 'ects  should not 

be  l a r g e .  Twenty-five i o n  g y r o r a d i i  are conta ined  between t h e  r i n g  and 

wal l .  . The e l ec t ron - ion  coulomb mean free p a t h  (' 1 0 ,  cm) is  much . . 

smaller than  t h e  magnet ic  connec t ion  l e n g t h  (' I U ~  a), e l i m i n a t f  ng 
. . 

k i n e t i c  f r e e  s t reaming  and p a r t i c l e  t r a p p i n g  e f f e c t s .  The magnetic 

Reynolds number, S  = r e s i s t i v e  s k i n  t ime/Alfven time, is  about  500 

implying t h a t  r e s i s t i v i t y  is igno rab l e .  S ince  t h e  p r e d i c t e d  ba l loon ing  
. . 

. . 



mode amplitude v a r i e s  a l o n g  a. F i e l d  l i n e  (ke@O) and t h e  f i e l d  is 

s h e a r l e s s ,  r e s i s t i v e  e f f e c t s  such as t e a r i n g  and d e f e a t  o f  s h e a r  

s t a b i l i z a t i o n  p l a y  no r o l e .  
e 

To d a t e ,  t h e  h i g h e s t  B ach ieved ,  a t  lower magnetic f i e l d ,  is 35%, 

- 
roughly g t imes t h e  f l u i d  s t a b i l i t y  l . i m i t .  The plasma i s . M H D  s t a b l e .  

Fo r  t h i s  plasma both f i n i t e  i o n  g y r o r a d i u s  and v i scous  e f f e c t s  are 

impor tan t  s i n c e  2 pi " L and t h e  , o rd ina ry  Reynolds number P  

R = VAL ! 1 where V A ,  A ,  p and p  a r e  t h e  Alfven speed,  pe rpend icu l a r  

s c a l e  l e n g t h  i n  t h e  bad c u r v a t u r e  region;mass d e n s i t y  and o r d i n a r y  ' 

v i s c o s i t y ,  r e s p e c t i v e l y .  Although no t  a r e a c t o r l i k e  regime,  

examination o f  t h e s e  a p p a r e n t l y  s t r o n g  s t a b i l i z i n g  e f f e c t s  i s  o f  v a l u e  

t o  determine t h e i r  r o l e  i n  t h e . t h e o r y  and i f  t hey  can be  s imu la t ed  i n  a 

r e a c t o r .  For  t h i s  B = 35% c a s e ,  t h e  measured equ i l i b r ium diamagnetism 

a l s o  d i f f e r s  d r a m a t i c a l l y  from t h e  f l u i d  p r e d i c t i o n ,  probably due t o  

i o n  g y r o v i s c o s i t y  e f f e c t s ,  a s  i n d i c a t e d  below. 

The hydrogen plasma is c r e a t e d  by s imul taneous ,  c r o s s - f i e l d  

i n j e c t i o n  from two c o a x i a l  Marsha l l  guns i n t o  t h e  1.4 m major r a d i u s  

t o r o i d  c o n t a i n i n g  4  l e v i t a t e d  i n t e r n a l  r i n g s .  B = 8% is ob ta ined ,  

400 p s e c  a f t e r  i n j e c t i o n ,  on t h e  s e p a r a t r i x  between t h e  o u t e r  r i n g s  and 
' 

" 

9 
. wall (F ig .  1 )  w i th  n  5  x 10'3 Te - Ti = 15 eV and a pu re ly  

p o l o i d a l  magnetic f i e l d  of 860 G (30% of  p r e s e n t  c a p a b i l i t y ) .  B = 35% 

a. 
is obta ined  s h i l a r i y  with a magnet ic  f i e l d  o f  200 G and 

3 
. . 

n = 2 x 10 l 3  an-.., T, = T~ - 9  e ~ . .  Densi ty- is-*measured wi th  a .. . - 

v e r t i c a l  pa th  7 0  GHz i n t e r f e r o m e t e r  l o c a t e d  a t  t h e  midcyl inder ;  t h i s  

measures t h e  s e p a r a t r i x  d e n s i t y  s i n c e  most of i t s  pa th  i s  o f  c o n s t a n t  

d e n s i t y  equa l  t o  t h e  s e p a r a t r i x  d e n s i t y .  Dens i ty  i nva r i ance .  a long  

f i e l d  l i n e s  is v e r i f i e d  w i t h  Langmuir probes.  E l ec t ron  tempera ture  is 
. . 



measured with a double  Langmuir probe and ion  tempera ture  wi th  a 1/4" 

d iameter  g r idded  e l e c t . r o $ t a t i c  a n a l y z e r .  Te and Ti are equa l ,  a s  

expec ted ,  s i n c e  t h e  e l e c t r o n - i o n  e q u i l i b r a t i o n  time is = 50 psec. Edge .. 
n e u t r a l  p r e s s u r e  i s  " t o r r .  

Within 400 p s e c  af ter  i n j e c t i o n  t h e  plasma p re s su re  becomes - 
axisymmetr ic  t o  w i t h i n  20% and a d o p t s  a s t e a d y  p re s su re  p r o f i l e  peaked 

on  t h e  sepafatrfx. T h e r e a f t e r  f3 decays  w i th  a 500 p3ec t ime  oons t an t  

which i s  1000 Alfven t r a n s i t  t i m e s ,  and roughly t h e  c l a s s i c a l  

d i f f u s i o n  time. No f3 r e l a t e d  f l u c t u a t i o n s  o r  d i s t u r b a n c e s  a r e  observed 

i n  magnet ic  f i e l d ,  d e n s i t y  o r  e l e c t r o s t a t i c  p o t e n t i a l ,  

The t h e o r e t i c a l  f3 l i m i t  f o r  plasma s t a b i l i t y  t o  t h e  ba l loon ing  

mode is eva lua t ed  from l inear s i n g l e - f l u i d  t heo ry  by numer ica l ly  

s o l v i n g ,  i n  t h e  L e v i t a t e d  Octupole  geometry,  t h e  e igenvalue  equa t ion  

f o r  marginal  s t a b i l i t y  5 9 6 :  

where t h e  f l u i d  p e r t u r b a t i o n  i n  t h e  d i r e c t i o n  normal t o  a f l u x  s u r f a c e  

is 5 = X / r B ,  p' = ap/aJI, JI is t h e  p o l o i d a l  f l u x  f u n c t i o n ,  r is t h e  

major radius, R is  t h e  d i r e c t . i o n  para1 lel t,o R and 

2 D = -2 l . io /B2(a /a ly) (p~  /2 p,). The c r i t i ca l  f3 f o r  i n s t a b i l i t y  is  

ob ta ined  by 'find'ing .the -minimum--p' --.$or which a so lu t ion  f o r .  X( 8) 
. . . . 

e2ists. The expe r imen ta l  p r e s s u r e  p r o f i l e  is used a s  i npu t  and t h e  

c o e f f i c i e n t s  may be  e v a l u a t e d  u s i n g  e i t h e r  t h e  vacuum magnetic f i e l d  o r  

t h e  s e l f - c o n s i s t e n t  e q u i l i b r i u m  v a l u e s  c a l c u l a t e d  from numerical  

s o l u t i o n  of - t h e  -Grad-Shafranov -equat ion5 .- The .mode w i t h  even symmet-ry. -.-----.-- . -  - . . - . .- 
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about t h e  midplane (good c u r v a t u r e )  r eg ion  is  t h e  most u n s t a b l e  mode5 

wi th  a  t h r e sho ld  B v a l u e  o f  4%. The e igen func t ion  X(  R) peaks o n l y  

g e n t l y  i n  t h e  bad c u r v a t u r e  reg ion .  Grea t e r  l o c a l i z a t i o n  ' r e q u i r e s  

l a r g e  energy expend i tu re  i n  f i e l d  l i n e  bending. 

The d e p a r t u r e  o f  t h e  e q u i l i b r i u m  magnet icpf ie ld  from i ts  vacuum 

va lue  h a s  been measured and compared wi th  t h e  s i n g l e  f l u i d  e q u i l i b r i u m  

code. In t h e  r eg ion  between a r i n g  and t h e  wal l  t h e  t h e o r e t i c a l  plasma 

2 s e l f - c u r r e n t  ( E x B / ( B )  ) r e v e r s e s  d i r e c t i o n  a c r o s s  t h e  s e p a r a t r i x  where 

t h e  p re s su re  peaks.  Thus, t h e  plasma d i s p l a y s  r eg ions  o f  l o c a l  

5  diamagnetism (AB<O) and l o c a l  paramagnetism (AB>O) a s  seen  i n  Fig.  2  . 
For t h e  6  = 8% plasmas a t  B = 860 G w i t h  5  pi - Lp, good agreement 

e x i s t s  between experiment  and f l u i d  t heo ry ,  i n  both magnitude and 

p r o f i l e  (F ig .  2 ) .  A t  t h e  h i g h e s t  6  (Z352) c a s e ,  i n  which 2 Pi-L and P  

v i scos i . t y  e f f e c t s  a r e  impor t an t ,  t h e  measured f i e l d  p e r t u r b a t i o n  

d e v i a t e s  from t h e  s i n g l e  f l u i d  e x p e c t a t i o n  by a  f a c t o r  o f  7 ( F i g . . 3 ) .  

A s  t h e  f i e l d  is i n c r e a s e d ,  gy ro rad ius  and v i s c o s i t y  e f f e c t s  d e c r e a s e  

and t h e  exper imenta l  AB i s  observed t o  approach t h e  s i n g l e  f l u i d  va lue  

(Fig.  3 ) .  However, even a t  t h e  h igh  f i e l d s  t h e  time behavior  of 6 does  

no t  match t h a t  ~ ~ ' A B / B  which decays  wi th  a  time c o n s t a n t  o f  = 250 psec. 

For  t h e  range  o f  f3 c o n s i d e r e d ,  f l u i d  t heo ry  p r e d i c t s  AB/B t o  be  

proport.iona1 t.n P; t h u s  t h e  f l u i d  t h e o r e t i c a l  p r e d i c t i o n  f o r  AB/(B$) is 

fie1.d independent.  . 

. . 

To i n d i q a t e . t h e  c a u s e  o f  - t h e  experimehtal.dev.i.ation from t h e  

s i n g l e  f l u i d  e q u i l i b r i u m  two approaches a r e  followed. I n  b o t h , c a s e s  

on ly  t h e  r eg ion  between t h e  r i n g  and wall is s tud i ed .  The r eg ion  i s  

modelled by a  one d imens iona l  s t r a i g h t  c y l i n d r i c a l  piasma annulus  

bounded by 2 ' c o a x i a l  . c y l i n d e r s ,  t.he i n n e r  and o u t e r  ones  r e p r e s e n t i n g  a 
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r i n g  and  t h e  wall ,  r e s p e c t i v e l y .  T h i s  model a c c u r a t e l y  d e s c r i b e s  t h e  

c o r r e s p o n d i n g  O c t u p o l e  r e g i o n ,  as v e r i f i e d  by comparing t h e  a n a l y t i c a l  

s i n g l e  f l u i d  c o a x  s o l u t i o n  t o  t h e  e x a c t  s o l u t i o n  o f  t h e  two d i m e n s i o n a l  

Grad-Shafranov e q u a t i o n  f o r  t h e  Octupole .  The two r e s u l t s  a r e  n e a r l y  

i d e n t i c a l .  

I n  t h e  first a p p r o a c h  a s i m p l e  k i n e t i c  c a l c u l a t i o n  a l l o w s  

g y r o r a d i i  of any  s i z e  by p o s i n g  a Vlasov e q u i l i b r i u m  d i s t r i b u t i o n  

f u n c t i o n  dependen t  on c o n s t a n t s  o f  motion on ly ;  c u r r e n t  is  t h e n  

d i r e c t l y  computed. A s  an example ,  t h e  annu lus  i s  f i l l e d  w i t h  a 

s p a t i a l l y  i n d e p e n d e n t  Maxwel l ian  d i s t r i b u t i o n  f u n c t i o n .  P a r t i c l e s  

whose o r b i t s  i n t e r s e c t  b o u n d a r i e s  are e l i m i n a t e d .  Numerical 

.. . i n t e g r a t i o n  o f  t h e  r e m a i n i n g  d i s t r i b u t i o n  f u n c t i o n ,  which still 

sa t i s f ies  a Vlasov e q u i l i b r i u m ,  y i e l d s  d e n s i t y  ,and c u r r e n t  d e n s i t y  . . 

p r o f i l e s ;  The c u r r e n t  p r o f i l e s  are c l o s e  t o  t h e  s i n g l e  f l u i d  

p r e d i c t i o n  i n d e p e n d e n t  o f  t h e  t e m p e r a t u r e ,  o r  a v e r a g e  g y r o r a d i u s ,  o f  

t h e  i n i t i a l  Maxwellian.  Thus ,  l a r g e  i o n  g y r o - o r b i t s  c a n n o t '  i n  

t h e m s e l v e s  a c c o u n t  f o r  t h e  e x p e r i m e n t a l  r e s u l t s .  

The second a p p r o a c h  i n c l u d e s  i o n  g y r o v i s c o s i t y  t h r o u g h  t h e  two 

7 9 8  f l u i d  e q u i l i b r i u m  e q u a t i o n s  w i t h  t h e  f u l l  p r e s s u r e  t e n s o r  



where ' = a / a r ,  and ,  vir ,  v e i l - v i z ,  vez,  O ,  -i are t h e  i o n  and e l e c t r o n  

r a d i a l  v e l o c i t i e s , .  i o n  and e l e c t r o n  a x i a l  v e l o c i t i e s ,  i o n  c y c l o t r o n  

frequency and ion-ion c o l l i s i o n  t ime ,  r e s p e c t i v e l y ,  The ion  v e l o c i t y  

d i f f e r s  from t h e  s i n g l e  f l u i d  v a l u e  due t o  t h e  v i s cous  te rms  on t h e  . . '  

r i g h t  s i d e  o f  e q u a t i o n s  ( 2 )  and ( 3 ) .  Viscous terms i n  t h e  last two , : 

e l e c t r o n  e q u a t i o n s  are a b s e n t  s i n c e  t hey  are '  sma l l e r  by mass r a t i o s .  

However, t h e  e l e c t r o n  v e l o c i t y  can d e y i a t e  from its s i n g l e  f l u i d  v a l u e  

s i n c e  e l e c t r o n s  c o l l i ~ i o n a l l y  coup le  t o  ions.  I n  t h e  6 Z 35% plasmas,  

t h e  v i s cous  terms are o f  comparable magnitude t o  t h e  o t h e r  terms, 

Assuming t h e  magnitude o f  t h e  r a d i a l  v e l o c i t i e s  is  roughly  t h e .  

c o l l i s i o n a l  d i f f u s i o n  v e l o c i t y ,  a l l  terms con ta in ing  vir and ve+ are ' 

sma l l  (except  n e a r  t h e  edge where ' P  becomes sma l l ) .  Thus w e  set 

- vir - ver = 0, p e r m i t t i n g  a n a l y t i c a l  s o l u t i o n  f o r  viZ, vez,  Er and EZ. 

(7, 

Bnploying t h e s e  s o l u t i o n s ,  e q u a t i o n s  ( 2 )  and ( 4 )  combine t o  y i e l d  t h e  

a x i a l  ( t o r o i d a l )  c u r r e n t  d e n s i t y ,  3 ,  :. 

where C i s  an  i n t e g r a t i o n  c o n s t a n t  and P t h e  t o t a l  p r e s su re ,  Thus t h e  

l a s t  term r e p r e s e n t s  t h e  d e s i r e d  d e v i a t i o n  from' s i n g l e  f l u i d  theory .  

For  proper  c h o i c e  o f  C,  t h i s  term d imin i shes  t h e  c u r r e n t  d e n s i t y  
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(Fig.  4) but  m a i n t a i n s  t h e  ove ra l l .  shape ,  aa observed expe r imen ta l l y .  

D e t a i l e d  comparison w i t h  experiment  a w a i t s  numerical  s o l u t i o n  of t h e  

f u l l  set o f  equa t ions .  Moreover, t h e  t heo ry  i s  i n a c c u r a t e  i n  t h e  

h i g h e s t  B c a s e  where t h e  g r a d i e n t  scale l e n g t h s  a r e  comparable t o  t h e  

mean free pa ths .  
I 

In oummary, a ranee of MHn s t a b l e  high B plasmas h a s  been a t t a i n e d  

both i n  the k i n c t i o  vegime w i t h  6 = 3?$, 9 t i n e s  the n u i d  bali6aning 

, l i m i t ,  and n e a r  the s i n g l e  . f l u i d  regime wi th  B = 8$, twice t h e  

t h e o r e c t i c a l  l i m i t .  Equ i l i b r ium measurements roughly a g r e e  wi th  s i n g l e  

f l u i d  results i n  t h e  Latter case, b u t  d e p a r t  s h a r p l y  i n  t h e  former 

( k i n e t i c )  regime. The p r e s e n t .  exper imenta l  l i m i t  t o  B is  a .temporary 

l i m i t a t i o n  o f  t h e  plasma sources .  

We are g r a t e f u l  t o  S.V. Painchaud f o r  performing t h e  k i n e t i c  

equ i l i b r ium c a l c u l a t i o n ,  t o  E.A. Rose f o r  a i d  i n  t h e  i on  t empera tu re  

' measurement, t o  S. Garner  f o r  c o n s t r u c t i o n  o f  t h e  microwave 

in t e r f e rome t , e r ,  and  t o  K.R. Symon, J.C. S p r o t t  and J.D. Ca l l en  f o r  many 

v a l u a b l e  sugges t ions .  

Th i s  work was suppor t ed  by U.S.D.O.E. 
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FIGURE CAPTIONS 

Fig.  1: P o l o i d a l  magnet ic  f l u x  p l o t  o f  t h e  L e v i t a t e d  Octupole ,  . 

i n d i c a t i n g  bad c u r v a t u r e  r eg ion ,where  B is  eva lua ted .  Plasma p r e s s u r e  

peaks on t h e  s e p a r a t r i x  (dashed l i n e ) .  Major r a d i u s  = 1.4 meters .  

Fig.  2 :  S i n g l e  f l u i d  t h e o r e t i c a l  and exper imenta l  s p a t i a l  p r o f i l e  

(between o u t e r  r i n g  and w a l l )  of  p e r t u r b a t i o n ,  AB, t o  t h e  p o l o l d a l  

magnet ic  f i e l d  due  t o  t h e  equ i l i b r ium diamagnet ic  c u r r e n t s  f o r  6 Z 82.. 

Plasma p r e s s u r e  peaks a t  t h e  separ.ali.ix ( 3 e p ) .  Expcrimcntsl  e r r o r  

2 25% from s h o t - t o  s h o t . v a r i a t i o n s .  . 

Fig.  3: Th 'eore t ica l '  and exper imenta l  f r a c t i o n a l  change i n  t h e  

magnet ic  f i e l d  ( a t  t h e  s e p a + a t r i x  i n  t h e  bad c u r v a t u r e  r eg ion )  due t o  

plasma d i & a g n e t i c  c u r e n t s  v e r s u s  p o l o i d a i  magnetic s t r e n g t h .  AB/B i s  . . . .-- . - 

normalized t o  t h e  s e p a r a t r i x  6 va lue  s d  t h a t  s i n g l e  f l u i d  t h e o r y  y i e l d s  

a h o r i z o n t a l  i i n e .  

Fig. 4: S p a t i a l  p r o f i l e  of the equ i l i b r ium ourF6fit d m ~ i t . y  fore 

t h e  c o a x i a l  model of t h e  Octupole  from i d e a l  s i n g l e  f l u i d  t h e o r y  and . 

two f l u i d  theory i n c l u d i n g  v i scous  terms i n  t h e  p r e s s u r e  t e n s o r .  The 

two f l u i d  t h e o r y  is n o t  p l o t t e d  n e a r  t h e  boundary r e g i o n  where t h e  

method o f  s o l u t i o n  b reaks  down. A g a u s s i a n  pressuPe  p r o f i l e  is ' 

assumed. 



FIG, 1 



AB FROM FINITE PRESSURE 

20 - 
I .  - ' I -. EXPERIMENT 

, . - .  

DISTANCE FROM 
RING (crn.) 

-20 - 

F I G .  2 



-- - .. .. - . -  . ' . , SING,LE FLUID.. .TH;EORY-:':: : . 
L - ' . "  

,! " I 
' m e - . - . . - . -  

. t = 400 p sec 

FIG. 3 



FIG. 4 

4 -  

C = O (single fluid) 

3- 1 

: 

h - 

r (cm from ring) 

-3 

1.4 

- 

.. 

- 



EXTERNAL DISTRIBUTION I N  ADDITION TO UC-20 

R.W. Conn, Un ive r s i t y  of C a l i f o r n i a ,  Los Angeles 
J . W .  Flowers,  Un ive r s i t y  of F l o r i d a  
H.S. Robertson, Un ive r s i t y  of M i a m i ,  FL 
E.G. H a r r i s ,  Univers i ty  of Tennessee 

iF 
M. Kr i s t i ansen ,  Texas Technica l  Univers i ty  
Plasma Research Laboratory,  Aus t r a l i an  Nat iona l  Un ive r s i t y  

:. P.E. Vandplas, Assoc ia t ion  Euratom-Etat Belge, Belgium 
5 

P. Sananaka, I n s t i t u t e  d e  Fisica-Unicamp, B r a z i l  
A.M. Dupas, C.E.N.G., Dph-PFG-SIG, France 
M.A. Loyau, Centre  d 'Etudes Nuclea i res , ,France  
G. VonGierke, Max-Planck-Institut Fcr  Plasma Physic ,  Germany 
R. Toschi ,  Associazione Euratom-Cnen S u l l a  Fusion, Cento Gas I o n i z z a t i ,  I t a l y  
K. Takayma, IPP Nagoy Imoversotu, Japan 
K. Uo, Kyote Un ive r s i t y ,  Japan 
K. Yamanto, JAERI, Japan 
B. Lehnert ,  Royal I n s t i t u t e  of Technology, Sweden 
E.S. Weibel, CRPP, Ecole Polytechnique Federale  de Lausanne, Switzer land 
A. Gibson, Culham Laboratory,  UK 
R.S. Pease, Culham Laboratory,  UK 
D.R. Sweetman, Culham Laboratory,  UK 
J . B .  Taylor ,  Culham Laboratory,  UK 
M.H. Hel lberg,  Un ive r s i t y  of Nata l ,  Durban, South A f r i c a  
CAeng-chung Yang, Chinese Academy of Sciences,  Lanchow, Peoples  Republic of China 
Chi-shis L i ,  Chinese Academy of Scicnces,  Peking, Peoples  Republic of China 
Hsiao-wu Chdng, Chinese Academy of Sciences,  Shanghai, Peoples  Republic of China 
Yi-chung Cho, Chinese Academy of Sciences,  Peking, Peoples  Republic of China 
Fu-chia Yang, Futan Un ive r s i t y ,  Peoples Republic of China 
Mei-ling Yeh, Chinese Academy of  Sciences,  Lanchow, Peoples  Republic of China 
Wei-chung Change, Chinese Academy of Sciences,  Shanghai, Peoples Republic of China 
Kuei-wu Wang, Chinese Academy of Sciences,  Loshan County, Peoples Republic of China 
Chbn-hsien Chdn, Chinese Academy of Sciences,  Peking, Peoples Republic of China 
L i - t s i en  Chiu, Chinese Academy of Sciences,  Peking, Peoples  Republic of China 
Miao-sun CAen, Chinese Academy of Sciences,  Peking, Peoples  Republic of China 

6 f o r  Chicago Operat ions Of f i ce  
10 f o r  i n d i v i d u a l s  i n  Washington Of f i ce s  

1. 

INTERNAL DISTRIBUTION I N  ADDITION TO UC-20 

.a. 100 f o r  l o c a l  group and f i l e  




