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TILT AND SHIFT MODE STABILITY I N  A SPHEROMAK WITH A FLUX CORE 

John M. Finnt  and Stephen C. J a r d i n  

Plasma P h y s i c s  Labori . tory , P r i n c e t o n  U n i v e r s i t y  

P.O. Box 451, P r i n c e t o n ,  N J  08544 

ABSTRACT 

The s t a b i l i t y  o f  spheromak e q u i l i b r i a  w i t h  a  f l u x  c o r e ,  o r  r e v e r s a l  c o i l ,  

i s  s t u d i e d  by means o f  an i d e a l  MHD code. R e s u l t s  depend c r i t i c a l l y  upon 

whether  t h e  f l u x  h o l e  r e g i o n  ( t h e  c u r r e n t  f r e e  a r e a  j u s t  i n s i d e  t h e  

s e p a r a t r i x )  i s  t r e a t e d  a s  p e r f e c t l y  conduc t ing  plasma o r  a s  vacuum. T h i s  

i n d i c a t e s  t h a t  t h e  tilt and s h i f t  modes p e r s i s t  a s  r e s i s t i v e  i n s t a b i l i t i e s  i f  

t h e y  a r e  s t a b l e  i n  i d e a l  MHD. S p e c i f i c a l l y  , f o r  nonopt imal ly  shaped 

e q u i l i b r i a ,  t h e  f l u x  c o r e  must n e a r l y  touch  t h e  c u r r e n t  c h a n n e l  i f  t h e  f l u x  

h o l e  is vacuum, whereas  t h e  c o r e  may b e  s l i g h t l y  o u t s i d e  t h e  s e p a r a t r i x  i f  t h e  

f l u x  h o l e  has  conduc t ing  plasma. A l a r g e r  margin e x i s t s  f o r  o p t i m a l l y  shaped  

e q u i l i b r i a .  

t ~ e r m a n e n t  address :  Laboratory  f o r  Plasma and F'usion Energy S t u d i e s ,  

U n i v e r s i t y  o f  Maryland, C o l l e g e  Park,  MD 20742 
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T i l t  and s h i f t  modes a r e  t o  d a t e  t h e  most i m p o r t a n t  g l o b a l  

i n s t a b i l i t i e s  i n  spheromaks. Indeed,  t h e y  have b e e n  observed  i n  e v e r y  

exper iment  t o  d a t e .  5-7 P r e v i o u s  work on  t h e s e  modes i n d i c a t e s  t h a t  f d r  l o n g  

plasmas,  w i t h  a  s m a l l  v e r t i c a l  f i e l d  i n d e x  ( s p e c i f i c a l l y  Zs/Rs ;t 0.6, where  Zs 

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

and Rs i s  i t s  r a d i u s ;  see Fig. 11, t h e  tilt is  t h e  most u n s t a b l e  m ~ d e . ~ . ~  A 

mode c r o s s i n g  o c c u r s  near  Zs/Rs = 0.6 s o  t h a t  f o r  s h o r t e r  p lasmas,  w i t h  a  

l a r g e r  f i e l d  i n d e x ,  t h e  s h i f t  mode h a s  t h e  l a r g e r  growth 

P r e v i o u s  s t u d i e s  have had s p h e r i c a l  o r  c y l i n d r i c a l  conduc t ing  w a l l s .  I n  

a l l  c a s e s  o n e  o r  b o t h  modes a r e  u n s t a b l e  w i t h  t h e  w a l l s  f a r  from t h e  plasma,  

b u t  a r e  s t a b i l i z e d  a s  t h e  w a l l s  a r e  moved i n .  3'4 

Prev ious  s t u d i e s  have a l s o  c o n s i d e r e d  t h e  open f i e l d  l i n e  r e g i o n  t o ' b e  

p lasma  ( a n d  t h u s  t o  b e  l i n e - t i e d  t o  t h e  w a l l s I 3  o r  vacuum.3t4 A l l .  s t u d i e s  o f  

t h e s e  modes a f t e r  t h e  e a r l i e s t  had a  s o - c a l l e d  f l u x  h o l e  r e g i o n  j u s t  i n s i d e  

t h e  s e p a r a t r i x  where no c u r r e n t  ( p o l o i d a l  o r  t o r o i d a l )  f lows.  I n  some c a s e s  

t h i s  r e g i o n  was t r e a t e d  a s  conduc t ing  and i n  o t h e r s  a s  vacuum,* b u t  no 

s y s t e m a t i c  comparison between t h e s e  two models h a s  b e e n  performed. 

I n  t h i s  paper  we c o n s i d e r  spheromak e q u i l i b r i a  w i t h  a  f l u x  c o r e  ( o r  f i e l d  

r e v e r s a l  c o i l )  w i t h i n  t h e  c o n d u c t i n g  w a l l s  a s  i n  t h e  P r i n c e t o n  exper iment  S-1 

and i n  t h e  Maryland d e v i c e  M S  c u r r e n t l y  b e i n g  des igned .  The d i f f e r e n c e  i n  

t e r m i n o l o g y  r e f l e c t s  t h e  f a c t  t h a t  t h e  f l u x  c o r e  i n  S-1 i s  r e s p o n s i b l e  f o r  

induc ing  b o t h  p o l o i d a l  and t o r o i d a l  f i e l d s ,  whereas i n  M S  t h e  c o i l  o r  c o i l s  

w i l l  b e  r e s p o n s i b l e  f o r  p o l o i d a l  f i e l d s  on ly .  
. . 

I n  t h e  e q u i l i b r i u m  c o d e  used ,  t h e  boundary c o n d i t i o n s  on  t h e  p o l o i d a l  

f l u x  JI a r e  $ ( r , z )  on  t h e  c y l i n d r i c a l  w a l l s ,  co r responding  t o  b i a s  c o i l s  

p r o v i d i n g  a  g i v e n  f i e l d  i n d e x  ( m i r r o r  r a t i o )  and J, = c o n s t  o n  t h e  s u r f a c e  o f  

t h e  f l u x  c o r e  ( r e v e r s a l  c o i l ) .  The e q u i l i b r i a  c o n s i d e r e d  h a v e  



'I2 - E , where  r, $, z  i s  a  c y l i n d r i c a l  rB+ = g ( $ )  = po LO/& - b/b) + E 1 

c o o r d i n a t e  sys tem w i t h  $ t h e  t o r o i d a l  a n g l e ,  i s  t h e  f l u x  a t  t h e  0-point  o n  

t h e  magnet ic  a x i s ,  $o i s  t h e  f l u x  a t  t h e  i n n e r  boundary o f  t h e  f l u x  h o l e ,  E t s  

a  parameter  d e t e r m i n i n g  t h e  s i z e  o f  t h e  r e g i o n  o v e r  which t h e  c u r r e n t  g o e s  t o  

z e r o ,  and po d e t e r m i n e s  t h e  o v e r a l l  plasma s i z e .  These  e q u i l i b r i a  and t h e i r  

s t a b i l i t y ,  w i t h o u t  a  f l u x  c o r e ,  have b e e n  s t u d i e d  i n  Ref. 3. For t h e  p r e s e n t  

p u r p o s e s  we f i x e d  $, and E t o  t h e  v a l u e s  found t o  b e  o p t i m a l  i n  Ref.  3 . 
The s t a b i l i t y  c o d e  used h e r e  is t h e  i n i t i a l  v a l u e  i d e a l  MHD c o d e  

d e s c r i b e d  i n  Ref. 3. L i n e  t y i n g  was n o t  i n c l u d e d ,  i. e. , t h e  open  f i e l d  l i n e  

a r e a  was c o n s i d e r e d  t o  b e  vacuum. W e  do  n o t  move w a l l s  t o  f i n d  m a r g i n a l  

s t a b i l i t y ,  b u t  r a t h e r  va ry  $c, t h e  f l u x  on t h e  f l u x  core .  Decreas ing  

d e c r e a s e s  t h e  d i s t a n c e  between t h e  c o r e  and t h e  s e p a r a t r i x  and f o r  $c < 0 

wraps more o f  t h e  f l u x  i n  t h e  c l o s e d  f l u x  s u r f a c e  r e g i o n  around t h e  core .  

S i n c e  t h e  c o r e  i s  o f  f i n i t e  s i z e ,  t o  some e x t e n t  it c a n  c a r r y  t h e  same t y p e s  

o f  eddy c u r r e n t s  a s  c a n  a  c y l i n d r i c a l  o r  s p h e r i c a l  wal l .  

W e  t r e a t  t h e  f l u x  h o l e  r e g i o n  a s  e i t h e r  p e r f e c t l y  c o n d u c t i n g  plasma o r  a s  

vacuum i n  o r d e r  t o  compare t h e  r e s u l t s .  As i s  w e l l  known, a  c l o s e d  f l u x  

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

i n f l u e n c e  j.n MHD i f  it c o n t a i n s  p e r f e c t l y  conduc t ing  f l u i d ,  a s  compared t o  t h e  

c a s e  when t h e  r e g i o n  h a s  vacuum, and i f  a  mode r a t i o n a l  s u r f a c e  m = nq ( m  i s  

t h e  p o l o i d i l l  mode number, n  t h e  t o r o i d a l  mode number, and q  t h e  s a f e t y  f a c t o r )  

e x i s t s  i n  t h e  reg ion .  T i l t  and s h i f t  modes a r e  b a s i c a l l y  m = 1 modes, b u t  
7 

t h e i r  m = 0 components, p r e s e n t  b e c a u s e  o f  t o r o i d a l  e f f e c t s ,  s a t i s f y  m = nq 

th roughout  t h e  . r e g i o n ,  where q = 0. On t h i s  b a s i s  we s h o u l d  e x p e c t  p lasma i n  

t h e  f l u x  hole r e g i o n  t o  have  a  s t a h i l . i z i n q  e f f e c t .  

The s t a b i l i t y  r e s u l t s  w e  p r e s e n t  a r e  t h e  g rowth  r a t e  o f  t h e  most u n s t a b l e  

C 

mode normal ized by a  nominal Alfven t i m e  ya/vA, where a  i s  t h e  w a l l  r a d i u s .  



The  d e n s i t y  i s  assumed t o  b e  un i fo rm t h r o u g h o u t  t h e  plasma. T h i s  i s  p l o t t e d  

a q a i n s t  $c, t h e  f l u x  a t  t h e  f l u x  c o r e  ( r e v e r s a l  c o i l ) ,  normal ized  t o  a  f l u x  

2  $ = B a  /2  b a s e d  o n  a  nominal f i e l d  Bo. [ I n  t h i s  n o r m a l i z a t i o n  t h e  v a l u e  0 

a t  t h e  magnet ic  a x i s ,  i s  g e n e r a l l y  -0.3, $ ( a , o )  - 0.3, and $ ( a , L ) ,  where L i s  

t h e  l e n g t h  o f  t h e  c y l i n d r i c a l  can ,  i s  c o n s i d e r a b l y  l a r g e r  d u e  t o  f i e l d  index . ]  

The f i r s t  s e t  o f  e q u i l i b r i a  h a s  a  f a i r l y  l a r g e  f i e l d  i n d e x  t h a t  p roduces  

a  n e a r l y  ~ p t i m a l l y  shaped plasma (Zs/Rs - 0.6) when t h e  f l u x  c o r e  i s  absen t .  

For t h e  model w i t h  plasma i n  t h e  f l u x  h o l e ,  t h e  growth r a t e  shown i.n Fig.  2 a s  

a  f u n c t i o n  o f  qc d e c r e a s e s  a s  JIC + 0, w i t h  a  p l a t e a u  n e a r  $, = 0.10. The 

e i q e n f u n c t i o n s  a r e  abou t  e q u a l l y  tilt and s h i f t l i k e  i n  t h i s  r e g i o n  i n d i c a t i n g  

t h a t  t h e  p l a t e a u  i s  d u e  t o  p r o x i m i t y  t o  t h e  mode c r o s s i n g  p o i n t .  

Below qc = 0.1 0 ,  y d e c r e a s e s  f a i r l y  s h a r p l y  a g a i n  and marg ina l  s t a b i l i t y  

o c c u r s  a t  $, = 0.025. The plasma is v e r y  o b l a t e  a t  t h i s  p o i n t  and t h e  

e i g e n f u n c t i o n  is a l m o s t  a  p u r e  s h i f t  mode. Flux s u r f  a c e s  f o r  an  e q u i l i b r i u m  

n e a r  t h e  m a r g i n a l  p o i n t  a r e  shown i n  Fig. 1. 

I n  Fig. 2  w e  a l s o  show t h e  growth r a t e  a s  a  f u n c t i o n  o f  $, f o r  t h e  h i g h  

i n d e x  e q u i l i b r i a  when t h e  f l u x  h o l e  r e g i o n  i s  c o n s i d e r e d  t o  b e  vacuum. Here 

t h e  growth r a t e s  a r e  much l a r g e r .  There  is a g a i n  a  p l a t e a u  due  t o  mode 

c r o s s i n g  n e a r  $, = 0.05 and m a r g i n a l  s t a b i l i t y  a t  $, = -0.06. The edge  o f  t h e  

plasma f o r  t h i s  c a s e  is a t  $c = -0.062 s o  t h a t ,  w i t h i n  c o m p u t a t i o n a l  e r r o r ,  

t h e  f l u x  c o r e  needs  t o  t o u c h  t h e  edge  of t h e  plasma t o  s t a b i l i z e  t h e  mode. A t  

m a r g i n a l  s t a b i l i t y  t h e  plasma i s  v e r y  o b l a t e  and t h e  e i q e n f u n c t i o n  i s  v e r y  

s h i f  t l i k e .  

Next ,  w e  show a  sequence  o f  e q u i l i b r i a  w i t h  a  s m a l l e r  f i e l d  i n d e x  i n  

o r d e r  t o  b e  n e a r e r  t h e  optimum s h a p e  a t  marg ina l  s t a b i l i t y .  F i r s t  c o n s i d e r  

t h e  c a s e s  where t h e  f l u x  h o l e  i s  f i l l e d  w i t h  plasma. A s  s e e n  i n  Fig. 

3 ,  y h e r e  is much l a r g e r  i n  t h e  r a n g e  0.1 < $c < 0.2, r e l a t i v e  t o  t h e  c a s e s  o f  



Fig. 2, and examination shows an extremely t i l t l i k e  e igen func t ion  due t o  

e longat ion.  For 0.05 < qC < 0.1, t h e  e igenfunc t ion  1s a  mix ture  o f  tilt and 

s h i f t ,  i. e. , near  t h e  mode c ros s ing ;  t h e  growth r a t e  dec reases  s h a r p l y  showing 

marginal s t a b i l i t y  a t  JC = 0.05. 

The low f i e l d  index  c a s e  w i th  vacuum i n  t h e  f l u x  h o l e  i s  a l s o  shown i n  

Fig. 3. Again, growth r a t e s  a r e  much l a r g e r  compared w i t h  t h e  c a s e  o f  plasma 

i n  t h e  f l ux  h o l e  region. There i s  a  s l i g h t  p l a t e a u  i n  growth r a t e  

above qc = 0.10 and a  sha rp  drop f o r  0.05 < Jlc < 0.1 0, where t h e  mode i s  

becoming more s h i f t l i k e  a s  qC decreases .  Marginal s t a b i l i t y  occurs  

a t  qC = 0.05 and t h e  edge of  t h e  plasma i s  a t  Jlc = -0.066 i n  t h i s  ca se .  

Marginal s t a b i l i t y  i n  t h i s  c a s e  has  t h e  f l u x  c o r e  s l i g h t l y  more removed from 

t h e  plasma than  i n  t h e  h igh  f i e l d  index  c a s e ,  due t o  t h e  plasma be ing  s l i g h t l y  

longer .  Flux s u r f a c e s  f o r  a  low f i e l d  index equi l ib r ium near marginal  

s t a b i l i t y  a r e  shown i n  Fig. 4. 

These r e s u l t s  show f u r t h e r  evidence of  t h e  f a c t  t h a t  f o r  nonoptimally 

shaped plasmas (gene ra l l y  o u t s i d e  t h e  range Zs/Rs = 0.6 f l o % ) ,  a  metal  w a l l  

must near ly  touch t h e  plasma a t  some p o i n t  t o  s t a b i l i z e  tilt o r  s h i f t  modes. 

I n  our  ca se s  t h i s  means t h a t  t h e  f l u x  c o r e  must nea r ly  touch t h e  s e p a r a t r i x  

whenever t h e  f l u x  h o l e  reg ion  i s  plasma (a l though t h e  spac ing  i s  n o t  s o  s m a l l  

i n  t h e  low f i e l d  index c a s e  because  t h e  plasma i s  nea r ly  op t ima l ly  shaped a t  

marginal  s . t a b i l i t y ) .  When t h e  f l u x  h o l e  r eg ion  i s  cons idered  t o  b e  vacuum, 

t h e  c o r e  nus t  near ly  touch t h e  c u r r e n t  ca r ry ing  plasma. The advantage i n  

having a  l a r g e  amount o f  f l u x  from t h e  c lo sed  f i e l d  l i n e  r eg ion  around t h e  

co re ,  namely havinq t h e  conductinq c o r e  m a t e r i a l  near  t h e  plasma, is n e a r l y  

o f f s e t  by t h e  f a c t  t h a t  t h i s  mode o f  ?pe ra t i on  produces very o b l a t e  plasmas 

s u b j e c t  t o  s h i f t  modes. 

W e  have shown t h a t  t h e r e  i s  a  s u b s t a n t i a l  d i f f e r e n c e  between t h e - r e s u l t s  



o b t a i n e d  by t r e a t i n g  t h e  f l u x  h o l e  r e g i o n  a s  a  conduc t ing  plasma ( w i t h o u t  

c u r r e n t )  on t h e  o n e  hand and a s  a  vacuum on  t h e  o t h e r .  I n  t h e  t y p i c a l  

e x p e r i m e n t ,  t h e  f l u x  h o l e  r e g i o n  c o n t a i n s  plasma which i s  conduc t ing  b u t  

c o o l e r ,  and t h e r e f o r e  more r e s i s t i v e  t h a n  t h e  c o r e  o f  t h e  plasma. T h e r e f o r e ,  

o u r  r e s u l t s  show t h a t  tilt and s h i f t  modes, when t h e y  a r e  observed  i n  p lasmas  

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

W e  have  b r a c k e t e d  t h e s e  r e s u l t s  w i t h  two models ,  t r e a t i n g  t h e  f l u x  h o l e  r e g i o n  

a s  p e r f e c t l y  conduc t ing  and a s  nonconducting,  r e s p e c t i v e l y .  However, t o  

compute t h e  a c t u a l  g rowth  r a t e ,  whenever t h e  fo rmer  model p r e d i c t s  s t a b i l i t y  

and t h e  l a t t e r  model p r e d i c t s  i n s t a b i l i t y ,  a  c o d e  w i t h  f i n i t e  r e s i s t i v i t y  i s  

r q u i r e d .  
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FIGURE CAPTIONS 

Fig. 1 Flux s u r f a c e s  f o r  a  h igh  f i e l d  index spheromak equ i l i b r ium w i t h  f l u x  

c o r e  ( r e v e r s a l  c o i l )  n e a r  t h e  s e p a r a t r i x ,  qc r 0.05. This  equi l ib r ium 

i s  near ly  marg ina l ly  s t a b l e  i f  t h e  f l u x  h o l e  i s  f i l l e d  w i t h  plasma. 

Fig. 2  Normalized growth r a t e  y a s  a  f u n c t i o n  o f  qc t h e  f l u x  a t  t h e  f l ux  

c o r e ,  f o r  t h e  h igh  index  c l a s s  of  e q u i l i b r i a  w i t h  plasma i n  t h e  f l u x  

h o l e  r eg ion  (bot tom curve)  and wi th  vacuum i n  t h e  f l u x  h o l e  r eg ion  

( t o p  cu rve ) .  

Fig. 3 Normalized growth r a t e  y as  a  f u n c t i o n  o f  JI, f o r  t h e  low index c a s e  

w i th  plasma i n  t h e  f l u x  ho l e  reg ion  (bottom c u r v e )  and w i t h  vacuum i n  

t h e  f l u x  h o l e  r e g i o n  ( t o p  cu rve ) .  

Fig. 4 Flux s u r f a c e s  f o r  a  low f i e l d  index spheromak w i t h  f l u x  c o r e  ( r e v e r s a l  

c o i l )  i n s i d e  t h e  s e p a r a t r i x  $c = -0.025. Th i s  equi l ib r ium is near ly  

marg ina l ly  s t a b l e  w i t h  vacuum i n  t h e  f l u x  h o l e  reg ion .  



F i g u r e  1 





Figure 3 



Figure 4 



EXTERNAL DISTRIBUTION IN ADDITION TO TIC LC-20 

P l a s m  Res Lab, Aus t re  N a t ' l  Unlv,  AUSTRALIA 

Dr. F rsnh  J. Peo lon l ,  Un lv  o f  Wollongong, AUSTRALIA 

p r o f .  I .R. Jones, F l l n d e r s  Unlv., AUSTRALIA 

Pro f .  M.H. Erennan, Un l v  Sydney, AUSTRAL lA 

P r o f .  F, Cap, l n s t  Theo Phys, AUSTRIA 

P r o f .  Frank Verheest,  l n s t  t h e o r e t  lsche, BELGIW 

Dr. D. Pslumbo, Dg XI1 Fus lon Prog, BELGllM 

E c o l e  R o y a l e  Mi I l t e l r e ,  Lab de Phys Plasmas, BELGIIM 

Dr. P.H. S a b n s k a ,  Un l v  Estadus l ,  BRAZIL 

Dr. C.R. James, Un lv  o f  A1 be r t s .  CANADA 

P r o f .  J. T e i c n m n n ,  Un i v  o f  Mont rea l ,  CANADA 

Dr. H.M. Skarsgard.  Un l v  o f  Ssskstcharan, CANADA 

P r o f .  S.R. Sreenlvesen, U n l v e r s l t y  o f  Ca loary ,  CANADA 

Pro f .  Tudor k'. Johnston, INRS-Energle, CANADA 

Dr .  Hannes Bernard ,  Un l v  B r l t i s h  Colurnbls, CANADA 

Dr. M.P. Bechynsk l ,  wb Technologies,  Inc., CANADA 

Z h e n p u  L I ,  SW Ins': Phys lcs ,  CHINA 

L i b r a r y ,  T s i n g  Hue U n i v e r s l t y ,  CHINA 

L l b r s r  Ian,  I n s t l t u ' r e  o f  Phys lcs .  CHINA 

l n s t  Plasma Phys, Academla S i n l a ,  CHINA 

Dr. P e t e r  Lukec, Komenskeho Un lv ,  CZECHOSLOVAKIA 

The L l b r a r  Ian, Cu l liarn Labo ra to ry ,  ENGLAND 

P r o f .  Schetzman, O b s e r v a t o i r e  de Nlce, FRACE 

J. Radet, CE-6, FRANCE 

AM Dupes L l b r s r y ,  AM Dupas L l b r a r y ,  FRACE 

Dr. Torn Mual,  Academy B l  b l  i og raph l c ,  HONG KONG 

P r e p r  i n t  L l b r a r y ,  Cent Res Ins: Phys, HUNWRY 

Dr. S.K. Trehan, Pan jab  U n l v e r s l t y ,  INDIA 

Dr. I nd rs ,  Hohen L u l  Des, Bsnsrss H lndu  Unlv ,  INDIA 

Dr. L.K. Chavda, South  G u j s r s t  Unlv,  INDIA 

3r. R.K. C n n e j l a n l ,  Vsr Rucnl Msrg, INDIA 

P. Kaw, P h y s i c a l  Research Lab, INUlA 

Dr. P h l l l l p  Rosenab, I s r a e l  l n s t  Tech, ISRAEL 

P r o f .  S. Cupermn,  T e l  Av i v  U n l v e r s l t y ,  ISRAEL 

h o t .  6. Rostegn I, Us 1 v  D I Psdova, l TALY 

L l a i s P l b n ,  I n r l l  C ~ r T n e o  Pnys, I T M Y  

M l s s  C l e l  l a  De Pa lo ,  Assoc ELRAT(*I<NEN, ITALY 

B l  b l  i o tecs ,  d e l  C N R  EURATO*., ITALY 

Dr .  H. Y a m t o ,  Toshl  be Res & Dev, JAPAN 

Pr.of. W .  Yoshlkewa, JAERI, ' loksi  Res Est,  JAPAN 

P r o f .  T. Uch lds ,  Ur, l v e r s i t y  of Tokyo, JAPAN 

Reseerch l n f  o Center, Nagoya Un l v e r s  l t y ,  JAPAN 

p r o f .  K y o j l  Nishlk81wa, Un i v  o f  Hlroshlrno, JAPAN 

P r c f  . S i g e r u  Nor I, JhERI, JAPAN 

L l b r a r y ,  K y o l o  Un i r ' e r s l  f y ,  JAPAN 

P r o f .  l c h l r o  Kawahami, Nlhon Unlv, JAPAN 

P r o f .  Sctostd l I t o h ,  Kyushu U n l v e r s l t y ,  JAPAN 

Tech I n f o  D i v i s i o n ,  Korea Atomlc Energy,  KOREA 

Dr .  R .  England, Clvdee I J n l v e r s l t a r  l a ,  MEXICO 

B l b l  l o theek ,  F o w l  n s t  Voor P l a m a ,  NETHERLANDS 

P r o f .  B.S. L l ley ,  U n l v e l - s l t y  o f  Welksto,  NEW ZEALAND 

Dr. Suresh C. Sharwa, Un l v  o f  Calabar,  NIGERIA 

P ro f .  J.A.C. Cebre l ,  l n s t  Super l o r  Tech, PDRTu(;AL 

Dr. Oc tav lan  Pe t rus ,  ALI CLPA U n l v e r s l t y ,  R(HANIA 

Prof .  M.A. He l l berg, Un l v e r s l t y  of  N s t s l ,  SO AFRICA 

Dr. Johsn de V l l  l l e r s ,  Atomlc Energy Bd, SO AFRICA 

F u s l o n  Dlv .  L l b r a r y ,  JEN, SPAIN 

P r o f .  Hens W l  lhelmson, Chslmers Un l v  Tech, SUEDEN 

Dr. L e n n a r t  S t e n f  lo ,  Un l v e r s  l ty  o f  LMEA, SWEDEN 

L i b r a r y ,  Royal  l n s t  Tech, SWEDEN 

Dr. Er l k  7. Kar  lson, Uppss ls  Un l v e r s  l t e t ,  SWEDEN 

Cen t re  de Recherchesen, Eco le  P o l y t e c h  Fed, SwlnERLAND 

Dr. W.L. We lse, N o t '  l Bu r  Stand, USA 

Dr. W.M. Stscey, Georg l n s t  Tech, USA 

Dr. 5.1. Wu, U n l v  A labma,  USA 

Pro f .  Norman L. Dleson, Un l v  S F l o r l d a ,  USA 

Dr. BenJarnln Ms. l o r e  S t a t e  Unlv,  USA 

Pro f .  Msgne K r  1 s t  lansen, Texas Tech Un lv, LISA 

Dr. Rsymond Askew, Auburn Un lv,  USA 

Dr. V.T. To lok ,  Kherkov Phys Tech Ins ,  USSR 

Dr. D.D. Ry utov, S l ber  l en Aced Sc I, USSR 

Dr. G.A. E l l s e e v ,  Kurchetov  I n s t ! t u t e ,  USSR 

Dr. V.A. G lukh l kh ,  l n s t  E l e c t r d h y s l c a l ,  USSK 

l n s t l t u t e  Gen. Phys l cs ,  USSR 

P r o f .  T.J. b y d ,  Un lv  Co l  lege N Wales, WALES 

Dr. K. S c h l n d l e r ,  Ruhr U n l v e r s l t a t ,  W .  GERMANY 

Nuc l e e r  Res Es tab,  Ju l l c h  L td ,  W .  GERMANY 

L l b r a r l a n ,  Max+lenck I n s t l t u t ,  W. GEWANI 

Dr. H.J. Kaepp ler ,  U n l v e r s l t y  S t u t f g a r t ,  W .  GEPHANT 

B l b l l o t h e k ,  l n s t  P l s s m t o r s c h u n g ,  U. @WAN? 



-' c- .;; 
-2 x 

S 
DOE Form ~ ~ 4 2 7  ,-. U.S. DEPARTMENT OF ENERGY OM0 NO. 038-RO190 
(1 0180) -d 

T- -- 
3 UNIVERSITY CONTRACTOR, GRANTEE AND COOPERATIVE AGREEMENT 

RECOMMENDATIONS FOR ANNOUNCEMENT AND DISTRIBUTION OF DOCUMENTS 

See instructions on Reverse Side 

I 

4. ' T v ~ e  of Document ("X" one) 

1. DOE Report No. 
PPPL-2121 

2. Contract No. 
DE-AC02-76-CHO-3073 

. . 

B a. Scientific and technical report 

3. Title 
Tilt and Shift Mode Stability in a 
Spheromak with a Flux Core 

b. Conference paper: 

Title of conference 

Date of conference 

Exact location of conference 

Sponsoring organization 

c. Other (Specify planning, educational, impact, market, social, economic, thesis, translations, journal article manuscript, etc.) 

5. Recommended Announcement and Distribution ("X" one) 

a a. DOE'S normal announcement end distribution procedures may be followed. 

b. Make available only within DOE and to DOE contractors and other U.S. Government agencies and their contractors. 

6. Reason for Recommended Restrictions 

7. Patent and Copyright Information 

Does this information product disclose any new equipment, process or material? a No Yes If so, identify page nos. 

Has an invention disclosure been submitted to DOE covering any aspect of this information product? a No Yes 

If  so. identify the DOE for other) disclou~re number and to whom the disclosure was submitted. 

Are there any patent-related objections to the release of this information product? a No Yes If so, state these objections. 

Does this information product contain copyrighted material? No Yes 

If  so, identify the page numbers a n d  attach the license or other authority for the government to reproduce. 

8. Submitted by Name end Position (Please print or type) 
Barbara Pavelec 

Organization 

Princeton Plasma Physics Laboratory 

FOR DOE OR OTHER AUTHORIZED 
USE ONLY 

Cignature 

9. Patent Clearance ("x" one) 

=a. DOE patent clearance has been granted by responsible DOE patent group. 

b. Report has been sent to responsible DOE patent group for clearance. 

Doto 7/24/84 




