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Abstract A computing code based o n a n  i m p l i c i t d i f f e r e n c e  scheme has been 
employed t o  s o l v e  t h e  s e t  o f  p a r t i a 1  d i f f e r e n t i a l  equat ions ( r a d i a l  and 
t ime dependent) f o r  t h e  Derturbed v a r i a b l e s  which d e s c r i b e t h e  r e s i s t i v e  
magnetohydrodynamic (MHD) i n s t a b i  1  i t y  i n  pinches and tokamaks i n  o rder  
t o  assess t h e  c o n d i t i o n s  f o r  t h e  appearance o f  s t a b i l i t y  windows insome 
o f  t h e  i n p u t  parameters used. l t  i s  shown t h a t  i t  i s  p o s s i b l e t o i n h i b i t  
o r  even suppress t h e  m=2, n= l  and m=3, n=2 t e a r i n g  modes by shaping t h e  
l o n g i t u d i n a l  plasma c u r r e n t  d e n s i t y  i n  t h e  form o f  a  sma l l ,  l o c a l i z e d  
d i s t o r t i o n  on a p r e v i o u s l y  chosen smooth p r o f i l e  f o r  t h e  e q u i l  i b r i u m  
c o n f i g u r a t i o n .  The corresponding windows appear i n  t h e  ínpu t  parameter 
space q,, t h e  s a f e t y  f a c t o r  a t  t h e  c u r r e n t  c h a n n e l  p o s  i t i o n ,  f o r  a  
f i x e d  p o s i t i o n  o f  t h e  d i s t o r t i o n  as w e l l  as i n  t h e  parameter space RR,, 
t h e  r a d i a l  pos i . t ion o f  t h e  d i s t o r t i o n ,  f o r  a  f i xed  qa; i n  b o t h  cases, 
t h e  d i s t o r t i o n  i s  l o c a l i z e d  near and i n s i d e  t h e  s i n g u l a r  sur face.  

1. INTRODUCTION 

The method o f  i n s t a b i l i t y  c o n t r o l  i n  tokamaks by plasma cur ren t  

shaping has i t s  main p r a c t i c a l  re levance i n  p r o v i d i n g  ways o f  d e l a y i n g  

o r  even suppress ing t h e  appearance o f  the  most dangerous i n s t a b i l i t y  i n  

tokamak d ischarges known by t h e  gener i c  name o f  d i s r u p t  i v e  i n s t a b i l  i tyl, 

c h a r a c t e r i z e d  i n  i t s  i n i t i a l  phase by a s l o w l y  growing magnetic per -  

t u r b a t i o n  and t e r m i n a t i n g  w i t h  a sudden l o s s  o f  conf inement w i t h  t h e  

plasma c u r r e n t  dropping v e r y  r a p i d l y  t o  ze ro  (e.g., 20 ms i n  ~ET) .such  

an i n s t a b i l i t y  has long  been suspected o f  be ing  caused by t h e  r e s i s t i v e  

magnetohydrodynamic (MHD) t e a r i  ng modes. 

The method i s  based upon t h e  f a c t  t h a t  t h e  growth o f  t e a r i n g  

modes depends on t h ~  e x i s t e n c e  o f  a  c u r r e n t  d e n s i t y  g r a d i e n t  a long  t h e  

plasma r a d i u s  so t h a t  i f  t h i s  g r a d i e n t  i s  l o c a l l y  reduced somewhere i n -  

s i d e  t h e  c u r r e n t  channel,  t h e  growth o f  a  g i v e n  mode can be reduced o r  

-even suppressed. Toi  e t  a12 g i v e  evidence t h a t  t h e  r e s u  l t i n g  d i s t r i -  

b u t i o n  o f  c u r r e n t  carr be ob ta ined  e x p e r i m e n t a l l y  and one o f  t h e  promis- 
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sing proposals i s  t o  l o c a l l y  cont ro l  the temperature p r o f i l e  e i t h e r  by 

e1 ectron cyc lo t ron  resonance heat ing o r  through loca l  ized cur rent  d r ive? 

I n  t h i s  work we adopt the procedure establ ished by Robinson,D. 

C. ,  e t  a2) which d i f f e r s  from tha t  o f  Glasser e t  a15 who o b t a i n e d  a 

tear ing  mode s tab le  d i s t r i b u t i o n  o f  cur rent  densi ty by minimiz ing A '  f o r  

each mode and f o r  d i f f e r e n t  values o f  q .  Our i nves t i ga t i on  has beenl im- 

i t e d  t o  the analysis o f  the cond i t ions  f o r  the cont ro l  o f  the m=2, n=l  

and m=3, n=2 tear ing  modes i n  d i f f u s e  pinches and ( s t r a i g h t )  tokamaks, 

as these are the most probable candidates t o  exp la in  t h e  d i s r u p t i v e  

nature o f  the i n s t a b i l i t y .  

For the equ i l i b r i um conf igura t ion  we have employed the Culham 

Mode14 because o f  i t s  la rge cur rent  gradient  near the edge o f  the cur-  

rent  channel and there fore  s t rong ly  unstable r e l a t i v e  t o  t ea r i ng  modes. 

A gaussian w i t h  a small w id th  and amplitude i s  then superimposed on the 

polo idal  f i e l d  d i s t r i b u t i o n ,  d i s t o r t i n g  i t  l o c a l l y  w i t h  a s i m i l a r  e f -  

f e c t  on the cur rent  densi ty p r o f i l e  (through Ampère's law). This new 

equ i l i b r i um conf igura t ion  i n  then establ ished through some o f  the f r e e  

parameters o f  the input  data o f  an ex i s t i ng ,  l i n e a r ,  one dimensional, 

r e s i s t i v e  MHD i n s t a b i l i t y  code, which solves the se t  o f  pa r t i a1  d i f f e r -  

e n t i a l  equations f o r  the perturbed var iab les .  We then look a t  the e f -  

f e c t  t ha t  the small d i s t o r t i o n  on the cur rent  densi ty p r o f i l e  has onthe 

growth r a t e  o f  a p a r t i c u l a r  mode by e i t h e r  vary ing the input  values o f  

qa 
o r  the values o f  the rad ia l  p o s i t i o n  'of the d i s t o r t i o n .  I n  both cases, 

windows o f  s t a b i l i t y  have been found which reveal t h a t  t e a r i n g  mode 

s tab le  conf igura t ions  can be achieved by t h i s  method. 

2. (a) - BASIC EQUATIONS AND ASUMPTIOAIS 

In  t h i s  work, the plasma i s  described by the MHD equations f o r  

a s i ng le  f l u i d ,  v i z . ,  the con t i nu i t y  equation, 

the equation o f  motion 
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Ohm's law, 

E + M / c  = 1 - 3  , 

and by Maxwell's equations and Ohm's law combined i n  the s ing le  equation 

3 -+ 3 3 
where p, V ,  p,  J, i?, E and the densi t y ,  f low ve loc i t y ,  scalar  press- 

ure,  cur rent  densi ty,  magnetic and e l e c t r i c  f i e l d s  and r e s i s t i v i t y  re- 

spect ive ly .  

Denoting by the subscr ipts (0) and (1) the equi 1 i brium and per- 

turbed quan t i t i es  respect ive ly ,  one gets, assuming a zero f low v e l o c i t y  
3 
V o ,  the zeroth order equations 

and the 1 inear 

P o  

ized equations f o r  the f i r s t  order var iab les  

where we have assumed and unperturbed r e s i s t i v i t y  and constant pressure 

throughout the plasma i n  order t o  avoid r i p p l i n g  and interchange modes. 
3 

The plasma i s  a l so  considered incompressible, i.e., V.Vl = O w i t h  a 

constant dens i ty  p  = po along the plasma radius, which extends up t o  a 

conducting w a l l .  

The s i c  equations impl i c i  t in eqs.(7) and (8) f o r  the  components o f  
3 3 
Vi and B1 can be f u r t h e r  r e d u c e d  i f  one  t a k e s  t h e  c u r l  o f  eq. ( 7 )  

4 
i n  order t o  e l im inate  the perturbed pressure p,, and then using V g V i  = 

3 
=V-B]  = O t o  e1 iminate Vlz and BIZ from the r e s u l t i n g  se t  o f  equations. 

Now, by consider ing on ly  perturbat ions o f  the form f l  b, t )exp( imO+ik  z), 
Z 
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these equat ions reduce t o  

where F = mBo0 (r)7r + kzBZa ( r )  and h = m 2 / r z  + k t  . 
/ 

For numerical computat ion these e q u a t i o n s  w e r e  conven ien t l y  

w r i t t e n  i n  terms o f  the  norrnal ized independent va r i ab l es  f o r  r a d i a l  pos- 
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i t i o n  and t ime, x = r / a  and T = t/rR r e s p e c t i v e l y ,  and t h e  f o l l o w i n g  

d imensionless dependent v a r i a b l e s ,  

$ = B r I / B  , @ = i B O l / B  , W =  - i k ~  R V r 1  , U = ~ T  R o l '  V (13) 

where a  i s  the  c u r r e n t  channel rad ius ,  T~ t h e  r e s i s t i v e  d i f f u s i o n  t ime, 

k = (m'/~; + kz )  wi t h  Rs s tand ing  f o r  t h e  r a d i a l  pos i  t i o n  o f  t h e  s in-  

g u l a r  su r face  and B  i s  the  c h a r a c t e r i s t i c  va lue  o f  t h e  magnetic f i e l d .  

The boundary c o n d i t i o n s  s u i t a b l e  t o  r e s i s t i v e  m22 modes which 

a r e  o f '  i n t e r e s t  i n  t h i s  work a r e  

= O a t  r = R ( t h e  conduct ing w a l l )  (15) w 

+ 
prov ided  Z.B # O a t  t h e  w a l l  and t h e  pressure p + O as r + R  W' 

I n  a d d i t i o n  t o  t h e  boundary c o n d i t i o n s  g iven,  an i n i t i a l  p e r t u r -  

b a t i o n  has t o  be s p e c i f i e d  f o r  one o f  t h e  v a r i a b l e s ,  say V  O i n  

o r d e r  t o  begin t h e  c a l c u l a t i o n .  A s p e c i f i c  form has been chosen f o r  

V (r,O) bu t  t h e  r e s u l t s  w i t h  o t h e r  forms have shown t o  be q u i t e  i n -  
r 1  

dependent o f  t h e  i n i t i a l  p e r t u r b a t i o n  (as i t  should be). 

The s e t  o f  equa t ions  ( 9 ) - ( 1 2 ) ,  toge ther  wi t h  t h e  boundary con- 

d i t i o n s  (14)- (17)  can be seen e l ~ e w h e r e " ~ ' ~  i n  t h e i r  more general forms, 

where t h e  e q u i l i b r i u m  r e s i s t i v i t y  and pressure p r o f i l e s ,  hea tconduc t ion  

and v i s c o s i t y  e f f e c t s  a r e  inc luded.  I n  p a r t i c u l a r ,  t h e  b o u n d a r y  con- 

d i t i o n s  a r e  f u l l y  d iscussed i n  re fe rence  4.  

F i n a l l y ,  as one can see by i n s p e c t i o n  o f  equat ions (9)-(171, the  
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c a l c u l a t i o n  o f  the  per tu rbed  q u a n t i t i e s  r e q u i r e s  the  knowledge o f  the 

e q u i l i b r i u m  p r o f i l e s  o f  B  (r) and B z o ( r )  which, i n  t h e i r  t u r n ,  can be O o 
e i t h e r  g iven  as numerical data d i r e c t l y  taken f rom some experiments o r  

by m o d e l l i n g  the  e q u i l i b r i u m  by s p e c i f y i n g  t h e  p r o f i l e s  o f  some re levan t  

parameter (usual 1 y  f u n c t i o n s  based on exper imenta l  data)  and cons t ruc t ing  

the  whole e q u i l i b r i u m  f u n c t i o n s  from i t .  A  number o f  e q u i l i b r i u m  models 

have been cons t ruc ted  i n  the  pas t  by v a r i o u s  a u t h o r ~ ~ ' ~ ' ~ ~  t o  s tudy r e -  

s i s t i v e  i n s t a b i l i t i e s  and amongst them we chose the  one which b e s t s u i t s  

our  s t u d i e s ,  v i z . ,  the  Culham Model. I n  i t ,  the  a x i a l  c u r r e n t  d e n s i t y  

whose form i s  based on t h e  measured temperature p r o f i l e  on t h e  T3-A 

tokamak, i s  g iven  by 

( Jo - ( P / C Z ) ~ J ~  r G a 

r a a  

where N and M a r e  u s u a l l y  taken t o  be 2  and 4 r e s p e c t i v e l y ,  a  i s t h e  cur-  

r e n t  channel r a d i u s  and Jo i s  a  n o r m a l i z a t i o n  f a c t o r .  

From J g iven  by eq. (18) ,  we get  B by i n t e g r a t i n g  the  z -  
z O O o 

component o f  Ampère's law, 

and u s i n g . B  so ob ta ined  and J we combine t h e  ( f o r c e- f r e e )  pres-  o o zo '  
sure balance 

JZo BOo = JOo * (20) 

w i t h  the  O-component o f  Ampère's law, 

t o  get  

which, by i n t e g r a t i o n ,  g i v e s  B z o ( r )  
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Now, by choosing t h e  c h a r a c t e r i s t i c  va lue  o f  t h e  normal i z a t i o n  

f a c t o r  B, f o r  t h e  magnetic f i e l d s  BOo and BZo t o  be 

the  normal ized forms o f  J 
Z O *  B ~ o *  B~~ and J O 0 read 

where x = r / a  i s  the  normal ized rad ius .  These express ions s t i l l  l eave 

B  (1) undetermined, which cou ld  be used as a  f r e e  parameter.  We use 
Z 

ins tead  the  va lue  o f  the  s a f e t y  f a c t o r  q = r B Z ( r ) / ~ ,  B O ( r )  a t  r = a,  
a  

t h a t  i s ,  
i y l )  

qa 5 q ( 1 )  =--- , (28) 
R0EoO 1 

where ao i s  the  normal i zed  ( t o  a) major r a d i u s  o f  the  t o r u s .  

Therefore,  g i ven  N, M, qa and a,, t h e  equi  1 i b r i u m  p r o f i  l e s  o f  
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<, B o ,  B and ,7 a r e  def  ined, as wel l as the  (normal i zed)  f u n c t i o n  F 

g i ven by 

+ L ( %  a z o  + K B )  z z  , (29) 

where o  = (rn2/zi + K Z ) ~ ' ~ ,  \ being  t h e  normal i r e d  r a d i a l  pos i  t i o n  o f  

the  s i n g u l a r  su r face  and KZ = kZ a .  

2. ( b )  - COMPUTATIONAL PROCEWRE 

I n  o r d e r  t o  s o l v e  the  se t  o f  eqs. ( 9 ) - (  

c o n d i t i o n s  g iven  by eqs. (14)- (17)  and the  equi  

before,  we have used an e x i s t i n g  code(a) which 

boundary va lue  problem and uses an i m p l i c i t  f i n  

2 )  w i t h  t h e  boundary 

i b r i u m  model desc r ibed  

r e a t s  them as an i n i t i a l  

t e - d i  f f e r e n c e  scheme 

where the  f o u r  (normal ized)  equat ions f o r  Brl, BOI> vpl and voI a r e  

solved s imul taneously  a t  i n t e g r a l  t ime  steps u s i n g  a  s i n g l e  v e c t o r  d i f -  

ference equa t ion  (see d e t a i l s  i n  r e f s .  6 and 8 ) .  Given the  i n p u t  data 

and the  i n i t i a l  p e r t u r b a t i o n ,  the code then computes the  so lu t ion  o f t h e  

equat ions and eva lua tes  the  growth o f  the  p e r t u r b a t i o n  a t  each time s tep  

us ing  F = ( a + ( r , t ) / a t ) / $ ,  where i1, can be any o f  the  f o u r  r e l e v a n t  par-  

ameters (we have chosen Brl and VO1); a f t e r  a  number o f  t ime  steps the  

uns tab le  mode i s  found when P s e t t l e s  down t o  a  p o s i t i v e  cons tan t  i n -  

d i c a t i n g  an exponen t ia l  growth. 

To run  the code, i t  i s  necessary t o  s p e c i f y  the  e q u i l i b r i u m p r o -  

f i l e s  f o r  & and gZ as wel l the  quan t i  t i e s  po/<p> and u o / < V ,  ' wriere 
O 

the b racke ts  stand f o r  c h a r a c t e r i s t i c  va lues.  The f i r s t  two a r e  g iven  by 

the equi l i b r i m  model ( t h e  Cul ham Model) b i i i  l t i n  rhe  code as a  sub-rou- 

t i n e  and the  t h i r d  one i s  assigned the  va lue  u n i t ,  meaning t h a t  the  

(cons tan t )  va lue  o f  p o  i s  i d e n t i c a l  t o  i t s  c h a r a c t e r i s t i c  va lue.  I n  

a d d i t i o n ,  we must a l s o  s p e c i f y  the  va lues o f  R,, m ,  kZ (=-q/R,)  and 

the  magnetic Reynolds number S, d e f i n e d  as the r a t i o  between the res -  

i s t i v e  d i f f u s i o n  t ime and the A l f v e n  t r a n s i t  t ime,  rR = ~ T T L ~ / C ~ < ~ >  and 

T = L(4n<p>) '/'/B r e s p e c t i v e l  y ,  t h a t  i s  H 

s = - r / r  
R H 9 (30) 

(a) a t  Cul ham Laboratory ,  named RIPPLE~A - see a l s o  r e f  .6. 
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where L i s  a c h a r a c t e r i s t i c  l e n g t h  (which i n  our  case, we i d e n t i f i e d  i t  

w i t h  the  c u r r e n t  channel r a d i u s  a)  and B i s  a c h a r a c t e r i s t i c  va lue  f o r  

t h e  magnetic f i e l d .  

Now, the normal ized growth r a t e  P i s  r e l a t e d  t o  the  o r i g i n a  

growth r a t e  y by t h e  r e l a t i o n  P = T ~ Y ,  so t h a t  one can a l s o  w r i t e  

T h i s  formula p rov ides  a s t r a i g h t f o i w a r d  convers ion f rom P t o  Y 

and v ice- versa  wheqever comparisons wi t h  anal  y t i c a l  r e s u l t s  a r e  needed. 

For example, Shafranov's free-boundary problem" has the growth o f  

k i n k  modes g iven  by 

i n  the i n t e r v a l  m - I + (a/b lZm i & r rn w i t h  a maximum growth g iven  by 

where a i s  the  plasma r a d i u s  (= c u r r e n t  channel rad ius )  and b i s  the  

conduc t ing  w a l l  rad ius .  Choosing f o r  convenience, B = 2B and <P> = P Oa 
(cons tan t )  (b)  then 

where one can see t h a t  the  growth r a t e  o f  the i d e a l  k i n k  mode v a r i e s  

l i n e a r l y  w i t h  S. 

3. NUMERICAL RESULfS 

( a ) .  Numerical r e s u l  t s  f o r  the  s tandard Culham Model 

We beg in  t h i s  s e c t i o n  by e x h i b i t i n g  a s e r i e s  o f  r e s u l t s  from the 

usual Culham Model i n  o rder  t o  set  up a s tandard upon which one can rnake 

(b) To comply w i t h  t h e  n o r m a l i z a t i o n  f a c t o r s  chosen i n  t h e  code. 
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comparisons and draw some conc lus ions  f rom r e s u l t s  presented by a modi- 

f i e d  Culham Model i n  p a r t  (b) .  We a l s o  take  t h i s  o p p o r t u n i t y  t o  r e c a l l  

some o f  t h e  c h a r a c t e r i s t i c s  o f  t h e  uns tab le  modes p r e s e n t e d  b y  t h e  

s tandard m d e l  . 
I n  o rder  t o  s tudy t h e . v a r i a t i o n  o f  the  growth r a t e s  o f  t h e  res -  

i s t i v e  modes as a f u n c t i o n  o f  t h e  s a f e t y  f a c t o r  qa, a  number o f  cases 

wi t h  the  same e n t r y  data b u t  qa have been computed. F i g .  I shows the  

normal ized growth r a t e  and the  normal ized s i n g u l a r  su r face  r a d i u s  a: S 

( f o r  which z . 5 ~  )=O), p l o t t e d  a g a i n s t  qa, o f  the  u n s t a b l e  modes m=2. 
S 

n = l  and m=3,  n=2 found w i  t h  t h e  va lues  o f  q  taken f rom t h e  i n t e r v a i  a 
O S qa i 4.5. The r e l e v a n t  e n t r y  data were as f o l l o w s :  kZ = -0.25, S = 

= 1000, 8 = RJa = 1.4, I? = 4., ( N , M )  = (2.4) (see eq. (24) f o r  t h e  W 
c u r r e n t  p r o f i l e ) ,  JMAX = 301 ( t h e  No. o f  mesh ~ o i n t s ) ,  NMAX = 300 ( t h e  

No. o f  t ime  steps)  , f o r  t h e  m=2, n = l  m d e s  and the same data as b e f o r e  

f o r  the  m=3, n=2 modes, except k = -0.50. 
Z 

'a- 

Fig.1 - The normal ized growth r a t e  P and t h e  s i n g u l a r  su r -  
face . rad ius  x as a f u n c t i o n  o f  q f o r  t h e  m=2, n=l and 

S m-3, n=2 tear1  ng modes. 
a' 
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The normal ized r e s i s t i v i t y  9 = n/<rl> has been made c o n s t a n t  

(=I . )  throughout  t h e  plasma r a d i u s  and w i l l  remain so unless o therw ise  

s ta ted .  

The p l o t s  i n  f i g .  1 revea l ,  f o r  the  p a r t i c u l a r  s e t  o f  pa r-  

arneters above, t h a t  ( i )  f o r  b o t h  modes, the  s i n g u l a r  su r face  r a d i  i x S 

a r e  wel l below t h e  plasma r a d i u s  TiW (=I .5 )  and t h e r e f o r e  the r e s t r i c t i o n  

imposed on t h e  boundary c o n d i t i o n s  i s  be ing  f u l f i l l e d  ( i . e . ,  z.3 # O a t  

r=R ) . I n  addi  t i o n ,  most o f  the  uns tab le  modes have been found wi t h  the  W 
s i n g u l a r  su r faces  i n s i d e  

maximum growth r a t e s  a t t a  

mode and 7.36 a t  qa = 1.8 

i n  the  i n t e r v a l  1.77 S qa 

v a l  1 .514 S qa S 2.70; ( i  

he c u r r e n t  channel r a d i u s  (-1); ( i  i )  the  

nab le  a r e  28.97 a t  q = 2.4 f o r  the  m=2, n = l  
a 

f o r  the  m=3, n=2 mode, the  former e x i s t i n g  

S 3.60 and the  l a t t e r  appear ing i n  t h e  i n t e r -  

i )  the  o v e r l a p p i n g  o f  these i n t e r v a l s ,  v i z . ,  

1.77 L qa L 2.70 i n d i c a t e s  the  r e g i o n  o f  q where b o t h  modes occur w i t h  a 
t h e i r  r e s p e c t i v e  maximum growth; ( i v )  t h e  r e g i o n  on the  parameter space 

qa f o r  t h e  e x i s t e n c e  o f  the  m=2 mode i s  about t w i c e  l a r g e r  than t h e  m=3 

mode, wi t h  a growth r a t e  f o r  t h e  maximum about f o u r  t imes b igger .  

The r e s u l t s  above comply w i t h  e x i s t i n g  a n a l y t i c a l  theory  on t h e  

r e l a t i v e  va lues o f  growth r a t e s  for idea l  and r e s i s t i v e  modes12, v i z . ,  

1 <i pmax ( r e s i s t i v e )  << Pmax( ideal ) ,  where Pmax 5tan.d~ f o r  the  maxi- 

mum normal i zed  growth r a t e ,  t h e  lower l imi  t ( = I )  stands f o r  t h e  r a t e  o f  

f i e l d  d i f f u s i o n  and t h e  upper one i s  t h e  r a t e  a t  which t h e  idea l  k i n k  

mode grows i n  an i n f i n i t e  c o n d u c t i v i t y  plasma. As compared t o  t h e  re -  

su l  t s  o f  Shafranov 's  s tep  model where t h e  k i n k  modes have a maximum 

growth o f  Pmax = 304.07 ( f rom formula 33b), e x i s t i n g  i n  t h e  i n t e r v a l  

1.26 C 4, C 2, one can see t h a t  t h e  growth r a t e s  o f  t e a r  ing  modes ( t h e  

t e a r i n g  charac te r  wi I1 be shown n e x t )  represented i n  f i g .  1  show a much 

lower v a l u e  (- 10 t imes sma l le r )  and a w ider  i n t e r v a l  o f  q f o r  t h e i r  
a 

ex is tence .  

' T h e  nex t  s e r i e s  o f  f i g u r e s  show p l o t s  f o r  a  t y p i c a l  case run  by 

t h e  code w i t h  q chosen from the  curve  m=2 i n  f i g .  1 ,  v i z . ,  qa = 2.4. a 
F i g . 2 ( a )  shows t h e  e q u i l i b r i a  p r o f i l e s  y i e l d e d  by the  Culham Model f o r  

t h i  s  v a l u e  o f  q (and t h e r e f o r e  a f i xed  va lue  o f  B" ( I )  accord ing  t o  eq. a z o 
( 2 8 ) ) .  These graphs e x h i b i t  t h e  r a d i a l  p ro f  i l e s  f o r  the normal i zed  5, 
S,  E@, the s a f e t y  f a c t o r  q = r B  ( r ) / ~  B ( r )  = X % ( X ) / ~ ? ~ E ~ ( X )  and the  

z 0 O 
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f u n c t i o n  P g iven  by formula (29). The p o i n t  where F crosses t h e  a x  i s  

d e f i n e  the  (normalized) p o s i t i o n  xs o f  the  s i n g u l d r  su r face .  We n o t e  

t h a t  t h e r e  would have been no rernarkable d i f f e r e n c e s  i n  t h e  f u n c t i o n a l  

forms o f  t h e  v a r i o u s  parameters i f  we had chosen any o t h e r  va lue  o f  t h e  

i n p u t  parameter q a p a r t  f rom F which would c ross  t h e  a x i s  a t  p o i n t s x s  
a' 

( I  i s t e d  as  t h e  v a l u e  o f  Rs a t  t h e  bottorn o f  f i g . 2 ( a ) )  i n  decreasing suc- 

cess ion corresponding t o  an i n c r e a s i n g  succession o f  qa values.  

F ig.2(b)  i l l u s t r a t e s  how t h e  c o r r e c t  modes a r e  p icked  up by t h e  

code i n  a  random f a s h i o n  u n t i l  t h e  growth r a t e s  s e t t l e  down t o  a p o s i -  

t i v e  va lue.  The p l o t s  o f  ~ ( t )  = (a$/ax)/$, where $ has been se t  t o  b o t h  

Bpl and Vol, a r e  l a b e l l e d  P ( B ~ )  and P ( v ~ )  i n  t h e  f i g u r e s  a n d  shown 

superimposed. I n  genera l ,  when t h e r e  a r e  no uns tab le  modes, t h e t w o p l o t s  

converge t o  d i f f e r e n t  va lues  o r  o s c i l l a t e  independent ly  and i n d e f i n i t e l y  

i n  t ime, b u t  whenever a  mode w i t h  exponen t ia l  growth i s  p icked  up by the 

code, they always converge c o i n c i d e n t l y  t o  the sane p o s i t i v e  va lue.  

F i n a l l y ,  f i g . 2 ( c )  shows t h e  r a d i a l  p r o f i l e s  o f  t h e  f o u r  per-  

tu rbed  pararneters BFl , BOI, Vrl and VO1, each one normal i zed  t o  t h e i r  

maximum values i n  the  i n t e r v a l  O - RW, a t  any t ime i n  the  exponen t ia l  

growth regime. To check t h e  r e a l  n a t u r e  o f  t h i s  m d e ,  one has t o  look  

a t  t h e  m o d i f i c a t i o n  o f  the  p r o f i l e s  o f  Brl and Vrl w i t h  increasing v a l u e  

o f  S 4. I f ,  w i t h  an increase i n  S, t h e  p r o f i l e  o f  Brl near the w a l l  

depresses towards the  a x i s  (eventual  1 y  c r o s s i n g  i t )  and t h e  p o i n t  where 

vF I 
crosses the  a x i s  i s  d isp laced  towards the  w a l l  ( o r  a l  t e r n a t  i v e l  y  

ma in ta ins  t h e  same s i g n ) ,  then we have a  t y p i c a l  case o f  a  k i n k -  d o m i -  

nated mode; o therw ise ,  i f  the  form o f  Byl does n o t  change s i g n i f i c a n t l y  

and t h e  p o i n t  where Vrl crosses t h e  a x i  s  moves towards the  s ingular  su r -  

face, then we have a  tear ing-dominated mode. Th is  i s  done f o r  v a r  i o u s  

va lues o f  q ( rep resen ta t  i v e  o f  t h e  whole i n t e r v a l  o f  qa f o r  u n s t a b l e  
a 

modes) where S was r a i s e d  t o  5000. The corresponding p l o t s  f o r  t h e t y p i -  

ca l  va lue  q = 2.4  a r e  shown i n  f i g .  3, where one can see t h a t  t h e f u n c -  
a 

t i o n a l  form o f  B has n o t  been a l t e r e d  whereas the  p o i n t  where 
r s r I 

'crosses the  a x i s  has been d isp laced  towards the  s i n g u l a r  su r face  ( m a r -  

ked wi 

c a l  va 

a  t e a r  

412 

t h  an a r row i n  t h i s  f i g u r e ) ,  i n d i c a t i n g  t h e r e f o r e  t h a t  f o r  a t y p i -  

l u e  o f  q where an uns tab le  mode i s  p resen t ,  t h i s  i s  e s s e n t i a l l y  
a 

ing-domi nated one. 
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GRONTH RATES v s .  T I M E  

F i g .  

2 ( b )  
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F ig .2  - (a)  Equ i l  i b r i u m  p r o f i l e s  f o r  qa = 2.4; (b) The nor-  
ma l i zed  growth r a t e  P versus normal ized t ime; (c )  P r o f i l e s  
o f  t h e  normal ized per tu rbed  v a r i a b l e s  f o r  the  mode m=2, n=l  
and S=1000 a long t h e  normal ized r a d i u s .  

The same procedure has been f o l l o w e d  w i t h  respec t  t o  the ana ly-  

s i s  o f  t h e  n a t u r e  o f  the uns tab le  modes f o r  the  m=3, n=2 mode and t h e  

same conc lus ion  has been reached, v i z . ,  a l l  t he  modes represented i n  f i g .  

1 (curve m=3) a r e  t e a r i n g  modes. For t h i s  mode we present  j u s t  represen-  

t a t i v e  case, v i z . ,  qa = 1.8 and S = 1000, a n d  qa = 1 . 8  and S = 5000, 

shown i n  f i g s . b ( a )  and 4(b) r e s p e c t i v e l y ,  where one can see t h a t  t h e  

p o i n t  where VFl crosses t h e  a x i s  has been d i s p l a c e d  towards t h e  resonant 

sur face when S was r a  i sed  t o  5000. The rema i n i n g  e n t r y  data a r e  t h e  same 
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il 

as t h e  ones used t o  run  the  cases i n  f i q .  1 .  One p r o p e r t y  o f  the  rn = 3 
modes i s  t h a t  the  per tu rbed  p r o f i l e s  a r e  more concentrated w i t h i n  t h e  

r e s i s t i v e  l a y e r a s c o m p a r e d w i t h  thoçe f rom t h e m = Z m o d e s .  Th is  i s  

because for .  srnall r ,  B - pm-' and f o r  l a r q e  r ,  Br, - I/r m+ l . r l 
To c l o s e  t h i s  sec t ion ,  we have p l o t t e d  the  growth r a t e  P a g a i n s t  

S f o r  t h e  rn = 2 and rn = 3 modes w i t h  q = 2.4 and qa = 1.8 r e s p e c t i v e l y  
a 

(values o f  q f o r  t h e  maximum growth o f  the  modes a t  S = IOOO), and 
a 

e x h i b i t e d  i n  f i g .  5. As one can see from the f i g u r e  t h e  curves present  

a l i n e a r  behaviour  above S - 3000. I f  one descr ibes t h i s  e b e h a v i o u r  by 

t h e  formula P a #, t h e  va lue  o f  K i n  the  l i n e a r  r e g i o n  ( in  t h e  Log x 

x Log space) i s  0.76 f o r  t h e  rn = 2 and 0.756 f o r  t h e  rn = 3 mode, wel I 

above t h e  va lue  o f  0.4 presented by t h e  sheet p inch13  where the  growth 

r a t e  was found t o  obey t h e  law P a s2/", b u t  o n l y  a  f r a c  t i o n  g r e a t e r  

than the  one found w i t h  t h e  peaked mode19, v i z . ,  K = 0.74. 
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F i g . 4  - ( a ) ,  (b) P r o f  i l e s  o f  t h e  p e r t u r b e d  v a r i a b l e s  
f o r  t h e  m=3,  n=2 mode w i t h  q = l . 8  and (a)  S = 1000 
and (b)  S = 5000. 

a 
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F i g .  5 - G r o w t h  r -a t e s  P 
versus S  f o r  the  modes m=2, 
n = l  w i t h  q a = 2 . 4  a n d m = 3 ,  
n = 2  w i t h  q =1.8.  i a 

(b) .  Numerical r e s u l  t s  wi t h  t h e  modi f i e d  Culharn Model 

We now i n v e s t i g a t e  how the  growth r a t e s  o f  the  uns tab le  rnodes 

found p r e v i o u s l y  a r e  m o d i f i e d  when a  f l a t  d i p  i s  imposed on the  ( o t h e r -  

wise smooth) c u r r e n t  d e n s i t y  p r o f i l e .  A p r o v i s i o n  f o r  such a d i s t o r t e d  

c u r r e n t  p r o f i l e  i s  a l r e a d y  b u i l t  i n  t h e  code and c o n s i s t s  o f  superirn- 

pos ing  a  gaussian f u n c t i o n  on a  g iven  smooth p o l o i d a l  r n a g n e t i c  f i e l d  

p r o f i l e  ( r ) ,  v i z . ,  E ( r )  + Si exp[-s2 ( ~ - R R ~ ) ~ ] ,  and t h e  J B o  (F) c u r -  
O0 O0 

r e n t  densi t y  i s  now a d j u s t e d  accord ing  t o  formula (19). From B and JZO 
0 0  

t h e  code c a l c u l a t e s  us ing  formula (22) ,  and subsequenti y  JOo us ing  
Z o 

formula (27). The parameters Si (<O) ,  S2 (>O) and RRi c o n t r o l  the  height, 

t h e  w i d t h  and the  p o s i t i o n  o f  t h e  d i p  r e s p e c t i v e l y .  F i g .  6 shows a  p l o t  

o f  the  growth r a t e  p r o f i l e  i n  q space ir, t h i s  new e q u i  l E b r i u m  ( c o n -  
a 

t i n u o u s  l i n e )  and the  corresponding o l d  e q u i l i b r i u m  c a s e  ( s e e  § ( a ) )  

(dashed l ines)  f o r  comparison as w e l l  as a  p l o t  o f  the  s i n g u l a r  su r face  

posi  t i o n  x s .  The e n t r y  data f o r  these new cases were as l i s t e d :  N = 2 ,  

M = 4, m = 2, k = -0.25, S  = 1000, f$ = 1.4, ao = 4., (s , ,  S 2 ,  R R ~ )  = 
Z 
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F i g . 6  - As f o r  f i g . 1  (m=2) w i t h  the  a d d i t i o n  o f  ( S i ,  S2, 
RRi) = (-0.013, 75., 0.7). The curve  i n  broken l i n e s  rep-  
resen ts  the  s tandard cu rve  f o r  t h e  m-2 mode shown i n  f i g .1 .  

= (-0.013, .75, 0.7)(parameters f o r  the p l a t e a u - l i k e  d i s t o r t i o n ) ,  w i t h  

o < qa 4< 4.0. 

One can see f rom t h i s  f i g u r e  t h a t  the same comment as i n  § (a )  

appl i e s  f o r  x and most o f  the  uns tab le  modes appear i n  the  same i n -  
s 

t e r v a l  o f  q as i n  the  o l d  e q u i l i b r i u m  bu t  now a s i g n i f i c a n t  change 
a 

takes p lace  i n  the m i d - i n t e r v a l :  a  small  i n t e r v a l  i n -  q (a s t a b i  I i t y  a 
window) appears where no uns tab le  modes e x i s t .  T h i s  window encompasses 

the  i n t e r v a l  2.83 6 q C 2.92. The sp l  i t  o f  the s tandard curve P vs qa a 
o f  the  o l d  model i n t o  two branches however does n o t  a l t e r  the maximum 

growth s i g n i f i c a n t l y  nor  i t s  p o s i t i o n  i n  qa space, t h i s  be ing 28.4 a t  

qa = 2.2 f o r  one o f  the branches. The lower maximum on t h e  o t h e r  branch 

presents a va lue  o f  14.9 a t  q = 3.15, and i t s  corresponding e q u i l i b r i u m  
a 

per tu rbed  p r o f  i l e s  a r e  shown i n  f igs .  7 ( a ) ,  (b) . These p r o f  i l e s  l o o k  very 

much the same as those found i n  the  s tandard case, pre,sent ing t h e  same 

418 
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E O U I L I B R I A  PROFILES 

RADIUS- 
s 1 = - 0 . 0 1 3 0 0  S 2 = 7 5 .  0 0 0 0 0  RR1 = O . ~ O O O O  RR=O. 6 6 4 0 0  

F i g . 7  - (a) E q u i l i b r i u r n  and (b) per tu rbed  p r o f i l e s  f o r  t h e  m=2 
r o d e  w i t h  q = 2.2.  a 
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t e a r i n g  mode c h a r a c t e r i  s t i c s .  The sp l  i t o f  t h e  cu rve  P vs qa i n t o  two 

branches t h e r e f o r e  has n o t  a f f e c t e d  t h e  n a t u r e  o f  t h e  rodes.  

F ig .  8 p resen ts  a  v e r y  s i m i l a r  r e s u l t  f o r  t h e  m = 3, n = 2  mode, 

exçept t h a t  t h e  s p l i t  branch on the  l e f t  has i t s  maximum s i g n i f i c a n t l y  

h igher  than t h e  s tandard curve,  r a i s i n g  t o  a  va lue  12.7 a t q  = 1.7, and 
a 

t h e  s t a b i l i t y  window between t h e  branches has broadened t o  2 . 0 6 ~ ~  $2.31; a 
the  second branch has a  maximum 4.58 a t q  = 2.43, t h e  sma l les t  and the  a 
b igges t  v a l u e  o f  qa f o r  i n s t a b i l i t y  hav ing n o t  been a l t e r e d  s i g n i f i -  

c a n t l  y  f rom t h e  s tandard curve, and now be ing  q 1) .47 and q =2.68. 
ami n  ama x 

F igs .  9(a)  and (b) e x h i b i t  t h e  equi  1 i b r i u m  and per tu rbed  pro-  

f i l e s  f o r  the  case qa = 2.43. 

An i n s p e c t i o n  o f  the  p l o t s  dep ic ted  i n  f i g s .  6 and 8  shows t h a t  

i t  i s  p o s s i b l e  t o  i n h i b i t  and p a r t i a l l y  suppres; a  g i v e n  mode ( e i  t h e r  

m = 2  o r  m = 3).  For t h e  cases under s tudy there  i s  no o v e r l a p p i n g  o f  

the  s t a b i  1 i t y  windows i n  t h e  paramet r i c  space q as one can see by 
a '  

i n s p e c t i o n  o f  the  two f igu res ,  b u t  i f  one p l a y s  w i t h  t h e  t h r e e  par -  

- 
9, 

Fig.8 - As f o r  f i g .  6 except rn = 3, n = 2. 
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E F U I L I B R I A  PROFILES 

\ 
2.4 z 

RADIUS- 

S, =--O. 01300  S, =75.00000 RR. =o. 7 0 0 0 0  RFI=o. 63292  

F ig .9  - (a) E q u i l i b r i u m  and ( b )  p e r t u r b a t i o n  p r o f i l e s  f o r  t h e  
mode rn = 3, n = 2  w i t h  q = 2.43. 

a 

42 1 
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F ig .10  - Growth r a t e  P versus RRI, t h e  p o s i t i o n  
o f  t h e  d i p  on the  l o n g i t u d i n a l  c u r r e n t  d e n s i t y  
p r o f i l e  f o r  t h e  m = 2, n = 1, t e a r i n g  mode w i t h  
qa = 2.2 and rn = 3 ,  n = 2 t e a r i n g  m d e  w i t h  q = 

a = 1.7. The p o s i t i o n  o f  t h e  s i n g u l a r  su r faces  x 
S f o r  b o t h  modes a r e  a l s o  p l o t t e d  a g a i n s t  RR1. 

space o r  even a three-dimensional  one i f  S 2 ,  which c o n t r o l s  t h e  w i d t h  

o f  t h e  d i p ,  were inc luded .  

F igures  Il (a) - 13(b) i l l u s t r a t e s  t h r e e  t y p i c a l  c a s e s  found 

w i t h  q taken from t h r e e  d i s t i n c t  reg ions  o f  the  upper cu rve  i n  f i g . 1 0  
a 

f o r  t h e  rn = 2 m d e  and RR1 = 0.74, 0.94 and 1.2. F ig .  I 1  (a) shows a 

p la teau-1 i k e  d i s t o r t i o n  on t h e  J p r o f i  l e  produced wi t h  RRl = 0.74 and 

f i g .  I l (b) the  corresponding per tu rbed  paramete;s p r o f  i l e s ,  where one 

can see t h a t  t h e i  r general forms a r e  s imi  l a r  t o  those found on t h e  l e f t  

branch o f  f i g .  6. T h i s  t ype  o f  d i s t o r t i o n  i s  t h e  one which m s t  i n h i b i t s  

the growth o f  i n s t a b i l i t i e s  and f r e q u e n t l y  sought i n  p r a c t i c e .  We n o t e  

t h a t  the  d i s t o r t i o n s  on J shown i n  f i g .  I 1  (a) were such as t o  leave 

the  o r i g i n a l  c u r r e n t  channel r a d i u s  u n a l t e r e d  ( a t  x = 1 ) .  By f u r t h e r  

d i s p l a c i n g  the d i p  towards the  r i g h t  i n  ' f i g .  10 i t  w i l l  come t o  a p o i n t  

where the growth r a t e  begins t o  increase as a r e s u l t  o f  a  broader cu r -  

r e n t  channel;  t h i s  i s  e x e m p l i f i e d  w i t h  t h e  case presented i n  f i g s . I 2 ( a )  
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F ig .  1 1 - (a)  Equi 1 i b r i u m  and (b) per tu rbed  parameters p r o f i  l e s  
f o r  the  rn = 2, n = 1 mode w i t h  R91 = 0.74. 

424 
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and 12(b) which i s  a l s o a  r e p r e s e n t a t i v e  o f  cases where t h e  d i p  f a l l s  

j u s t  below the  o r i g i n a l  c u r r e n t  channel rad ius ,  the  second rnaximum i n  

f i g .  10. Fur ther  t o  the  r i g h t ,  t h e  c u r r e n t  p r o f i l e s  beg in  t o  develop a 

d i p  beiow the  a x i s  ( represen t ing  an inverse  c u r r e n t )  and a lurnp above 

i t .  On t h e  descending p a r t  o f  the  cu rve  i n  f i g .  10, t h e  d i p  i s  b i g g e r  

than t h e  lump and t h e i r  c o n t r i b u t i o n  t o  t h e  t o t a l  c u r r e n t  i s  negat ive,  

i .e.,  t h e  effective c u r r e n t  channel has been c o n t r a c t e d  t h e r e b y  pro-  

duc ing  m d e s  w i t h  lower  growth. An example o f  t h i s  case i s  i l l u s t r a t e d  

i n  f i g s .  13(a) and 13(b) .  S t i l l  on t h e  descending p a r t  from some pos- 

i t i o n  o f  the  d i p  t o  t h e  nex t ,  however, i t s  s i z e  decreases and t h e  s i z e  

o f  t h e  lump increases u n t i l  b o t h  c o n t r i b u t i o n s  t o  t h e  t o t a l  c u r r e n t  sum 

up t o  n i l ;  t h i s  i s  what happens f o r  the  p a r t  o f  the  curve on the  ex- 

treme r i g h t  i n  f i g .  10. I n  t h e  second and t h i r d  cases presented above, 

the  per tu rbed  p r o f i l e s  l o o k  much t h e  same as those found on t h e  r i g h t  

o f  f i g .  6. 

The whole a n a l y s i s  f o r  t h e  rn = 2 mode, presented before would 

f o l l o w  s i m i l a r  l i n e s  f o r  the  rn = 3 modes except t h a t  t h e  lower p l o t  i n  

f i g .  10 i s  i n t e r r u p t e d  by t k e  s t a b i l i t y  window, a ma11 i n t e r v a l  i n  t h e  

RRi a x i s ,  as rnentioned before,  and t h a t  t h e  t e a r i n g  m d e  charac te r  i ?  

s t i  11 s t r o n y e r  f o r  the  rn = 3, n = 2 modes where one can s e e  t h a t  t h e  

p r o f i l e s  a r e  more concentrated w i t h i n  the  r e s i s t i v e  l a y e r .  J u s t  one 

m = 3, n = 2 case i s  i l l u s t r a t e d  i n  f i g s .  14(a) and 14(b) corresponding 

t o  the  v a l u e  RRi = 0.74, showing t h a t ,  a p a r t  frorn t h e  s l i g h t l y  wave- l ike 

s t r u c t u r e  which develops i n s i d e  the c u r r e n t  channel rad ius ,  t h e  per-  

tu rbed  p r o f i l e s  look  v e r y  s i m i l a r  t o  the  ones ob ta ined  w i t h  a smooth 

c u r r e n t  densi t y  p r o f  i l e  (see f i y .  ( 3 ) ) .  

4. DISCUSSION OF RESULTS AND CONCLUSION 

An i n s p e c t i o n  o f  f i y .  10 i n d i c a t e s  t h a t  t h e  lowest  va iues  o f  

the  growth r a t e  a r e  found when t h e  pos i  t i o n  o f  t h e  d i p  i s  c l o s e  t o  and 

i n s i d e  t h e  s i n g u l a r  su r face .  I t  i s  t h i s  f a c t  t h a t  i s  commonly e x p l o i t e d  

a t  present  i n  the  experirnents se t  up t o  i n h i b i t  i n s t a b i l i t i e s  by p ro -  

f i l e  c o n t r o l  i n  tokamaks, and whose main purpose i s  t o  de lay o r  even 

suppress the  d i s r u p t i v e  process. The d i p  i n  t h e  plasma c u r r e n t  d e n s i t y  
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F i g .  I2 - ( a ) ,  ( b )  - A s  fo r  f i g .  1 1 ,  excep t  RRi = 0 .94 .  
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F i g . 1 3  - (a) ,  ( b )  - A s  fo r  f i g .  1 1 ,  except RRi = 1 .2 .  
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F i g . 1 4  - ( a ) ,  ( b )  - A s  for fig.11, except m=3, n=2. 



Revista Brasileira de Fisica, Vol. 17, n? 3, 1987 

p r o f  i l e  can be pròduced by u s i n g  e l e c t r o n  c y c l o t r o n  waves f o r  ( l o c a l  l y )  

h e a t i n g  the  plasma o r  d r i v i n g  a  c u r r e n t  i n  o p p o s i t e  d i r e c t i o n  a t  some 

p o s i t i o n  i n s i d e  t h e  s i n g u l a r  su r face .  

I n  t h i s  work, we have shown t h a t  a l t h o u g h  an o v e r l a p p i  n g  o f  

s t a b i l  i t y  windows i n  q space c o u l d  n o t  be found f o r  the  r e s  i s t  i v e  a 
t e a r i n g  m = 2, n = 1  and m = 3, n = 2  modes, one can opera te  w i t h  qa 
i n  t h e  window f o r  the  rn = 2, n = 1 rnode w i t h  no occurrence o f  t h e  m = 3, 

n = 2  rodes,  as one can see by n o t i n g  t h a t  t h e  window i n t h e  m i d - i n t e r v a l  

o f  qa f o r  s t a b i  1 i t y  o f  the  rn = 2, n = I mode ( f i g .  6) f a l  l s  on t h e  r i g h t  

o f  t h e  i n t e r v a l  o f  q f o r  t h e  e x i s t e n c e  o f  the  m = 3, n = 2  mode ( f i g .  
a 

8) .  The n e c e s s i t y  o f  o p e r a t i n g  w i t h  lówer va lues  o f  q i n  t h e  v a r i o u s  a 
exper imenta l  condi  t i o n s ,  however, makes i t desi r a b l e  t o  f i n d  windows o f  

s t a b i l i t y  i n  another  parameter space, v i z . ,  t h e  p o s i t i o n  RR1 o f  t h e  d i p  

o f  t h e  d i s t o r t e d  c u r r e n t  p r o f  i l e .  The coyresponding search however l e d  

t o  t h e  f i n d i n g  o f  a  s t a b i l i t y  window i n  t h e  parameter space RR1 o n l y  

f o r  t h e  m = 3, n = 2 mode a l though  t h e  growth o f  t h e  m = 2, n = 1 mode 

has been g r e a t l y  i n h i b i t e d  (bu t  n o t  suppressed) i n  t h a t  i n t e r v a l  o f  RRi 

( f i g .  10) .  

D.C. Robinson e t  aZ4 succeeded i n  f i n d i n g  t h e  equi  l i b r i u m  con- 

f i g u r a t i o n  which l e d  t o  the  complete s t a b i l i z a t i o n  o f  b o t h  modes sim- 

u l taneous ly ,  b u t  t h e  s o- c a l l e d  Tear ing  Mode S tab le  Model used p resen ts  

two d i p s  on the  c u r r e n t  d e n s i t y  p r o f i l e ,  c o n v e n i e n t l y  p o s i t i o n e d  i n s i d e  

the  q = 2 and q = 3/2 s i n g u l a r  su r faces .  I n  o u r  search f o r  s t a b i l i t y  

windows i n  RR, space we were more i n t e r e s t e d  i n  c u r r e n t  p r o f i l e s  p re -  

s e n t i n g  j u s t  one d i p  because, f o r  obv ious reasons, t h e  c o r r e s p o n d i n g  

e q u i l i b r i u m  c o n f i g u r a t i o n  would be e a s i e r  t o  analyse t h e o r e t i c a l l y  and 

t o  achieve e x p e r i m e n t a l l y .  Now, the  minirnum a t  the t rough  o f  the m = 2 

curve i n  f i g .  10 i s  n o t  low enough, perhaps due t o  the  p a r t i c u l a r  values 

o f  qa, whi ch  were chosen amongst the  most favourab le  t o  f i nd b o t h  modes 

(each o f  these va lues  leads t o  the  r e s p e c t i v e  maxirnums dep ic ted  i n  f i g s .  

6 and 8 ) .  Wi th  some adjustement o f  these va lues,  one might  p o s s i b l y  re-  

duce t h e  growth o f  t h e  uns tab le  m = 2  mode t o  accep tab le  l e v e l  s ,  say 

below o r  o f  the  o rder  o f  the  f i e l d  d i f f u s i o n  r a t e  (y=l/-r and t h e r e f o r e  
R 

P = 1) .  T h i s  i t  a t  present  under c o n s i d e r a t i o n  by the  a u t h o r  toge ther  
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w i t h  t h e  case which uses a common q (a common t o t a l  c u r r e n t )  f o r  d i f -  
a 

f e r e n t  p o s i t i o n s  ( R R ~ )  o f  the  d i p .  

The r e s u l t s  presented here a r e  o f  course n o t  complete nor r i g -  

orous f o r  e s t a b l  i s h i n g  s t a b i  1 i t y  windows, f o r  we have n o t  c o n t r o l  l e d  

the shape o f  the  d i p  ( th rough  S1 and s 2 )  nor  t r i e d  o t h e r  va lues  o f  qQ 

i n  l o o k i n g  a t  windows i n  RR1 space. A more r i g o r o u s  t rea tment  o f  t h i s  

problem would i n v o l v e  the use o f  a  n o n- l i n e a r  r e s i s t i v e  code where t h e  

s a t u r a t i o n  o f  the  m d e s  c o u l d  a l s o  be examined as w e l l .  I t  never the less  

r e a s s e r t s  t h e  method o f  i n s t a b i l i t y  c o n t r o l  by plasma c u r r e n t  shaping 

and paves the  way f o r  e s t a b l  i s h i n g  the se t  o f  parameters needed i n  ex-  

per imenta l  se t  ups t o  r e a l i z e  a d ischarge w i t h  c o n t r o l  o f  the  most dan- 

gerous i n s t a b i l  i t i e s  i n  p inches and tokamaks. 
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v i c e  on t h e  e x i s t i n g  computing system a t  Culham. 
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Um código computacional baseado num esquema i m p l í c i t o  de !i- 
ferenças f i n i t a s  f o i  empregado para r e s o l v e r  um con jun to  de equaçoes 
d i f e r e n c i a i s  p a r c i a i s  (dependentes r a d i a l  e temporalmente) para as va- 
r i á v e i s  per turbadas que descrevem a i n s t a b i l i d a d e  magnetohidrodinamica 
(MHD) r e s i s t i v a  em pinches e tokamaks, a f i m  de es tabe lecer  as cond i-  
ções para o aparecimento de jane las  de e s t a b i l i d a d e  em alguns dos es- 
paços paramétr icos (parâmetros l i v r e s )  usados. Mostrou-se que 6 poss i -  
v e l  i n i b i r  ou mesmo s u p r i m i r  os modos t e a r i n g  m=2, n= l  e m=3, n=2 por  
deformação do p e r f i l  da densidade de c o r r e n t e  l o n g i t u d i n a l  do plasma 
na forma de uma pequena e l o c a l i z a d a  d i s t o r ç ã o  sobre um p e r f i l  l i s o  
previamente esco lh ido  para a con f igu ração  de e q u i l í b r i o .  As j a n e l a s  
correspondentes aparecem no espaço paramétr ico dos q , o f a t o r  de se- 
gurança na posição do canal de c o r r e n t e ,  para uma po%ição f i x a  da d i s -  
to rção ,  ass im como no espaço paramétr ico das RRi , a posição r a d i a l  dq 
d is to rçáo ,  para um v a l o r  f i x o  de q ; em ambos os  casos, a d i s t o r ç ã o  c3 
l o c a l i z a d a  próxima e den t ro  da s u p % r f i c i e  s i n g u l a r .  


