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Abstract By cons ider ing  the magnetic c o r n p r e s s i b i l i t y  i t  i s  shown t h a t ,  
f o r  a  t h e t a  p inch  type  plasma, the m=l c o l l e c t i v e  mode c o u l d  be c u t  o f f .  
T h i s  i s  i n  c o n t r a s t  w i t h  the resu l  t s  based on an incompress ib le  f  1 u i  d  
m d e l .  T h i s  r e s t r i c t s  the c o l l e c t i v e  mode t o  a small  reg ion  o f  ic space 
near zero.  

AI f vén  wave plasma hea t ing  us ing  the c o n t i  nuum spectrum ' r e -  

l i e s  on the resonant a b s o r p t i o n  a t  the s i n g u l a r  ~ l f v é n  l a y e r  by e x c i t i n g  

a c o l l e c t i v e  mode. E a r l y  w o r k s l Y 2  considered an incompress ib le  f l u i d  so 

t h a t  the  c o l l e c t i v e  mode i s  a  su r face  mode. Wi th the  i n c l u s i o n  o f  mag- 

n e t i c  c o m p r e s s i b i l i t y ,  the c o l l e c t i v e  mode becomes a n i a g e t o s o n i c  b u l k  

mode whose f i r s t  r a d i a l  mode resembles the  su r face  mode. B a l e t ,  Apper t ,  

and ~ a c l a v i  k 4 so lved the l inear  i zed  magnetohydrodynami c  (MHD) e igenval  ue 

equa t ion  n u m e r i c a l l y  and compared the h e a t i n g  c h a r a c t e r i s t i c s  o f  t h e  

f i r s t  and second r a d i a l  mode. They concluded t h a t  the f i r s t  r a d i a l  mode 

i s  f a r  more e f f  i c i e n t .  O t t ,  Wersinger and Bonol i so lved the magnetosonic 

mode w i t h  p o l o i d a l  mode number m=O and Nozaki, F r i e d  snd Morales5 t r e a t e d  

the case o f  a  h igh- f$  semi- in f  i n i  t e  plasma. Both o f  them used U K B  a n a -  

l y s i s  and s l a b  geometry. Besides, i n  the case m=G, the A l f v é n  mode i s  

a c t u a l l y  decoupled from the magnetosonic mode. Here we consider  a t h e t a  

p inch  type h igh-B plasma and so lve  the  r a d i a l  e igenvalue equa t ion  f o r - # &  

We consider  a c ~ l i n d r i c a l  plasma w i t h  a magnetic f i e l d  i n  the 5 

d i r e c t i o n .  Both the plasma d e n s i t y  and magnetic f i e l d  a re  constant  up t o  

r=a ( f i r s t  reg ion)  f o l l o w e d  by l i n e a r  p r o f i l e s  o f  decreasing d e n s i t y  and 

increas ing  rnagnet i c  pressure up t o  r=b (second reqion)  and then j o i n t e d  

by a ve ry  low d e n s i t y  plasma ( t h i r d  reg íon)  l i m i  t ed  by a conduct ing wal l 

a t  r=R.  We o b t a i n  the  s o l u t i o n s  i n  each reg ion  and connect them up by 
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boundary c o n d i t i o n s .  A vacuurn t h i r d  r e g i o n  would lead  t o  the  same d i s -  

p e r s i o n  r e l a t i o n .  

Taking the F o u r i e r  cornponent o f  the  p e r t u r b a t i o n s  o f  the  form 

exp i ( k z m 0 - w t ) ,  t h e  equa t ion  

We now norma l i ze  the  d i s t a n c e  

f o r  the  r a d i a l  displacernent c p  i s  

by a and magnetic f i e l d  b y  i t s  vacuum 

value,  Bv. M u l t i p l y i n g  t h e  above equa t ion  by a/B;, we have 

where k ,  r, E p  a r e  now norrnal ized dimensionless q u a n t i t i e s ,  n, i s  the  

plasma densi t y  a t  tb cente t ,  R = V /a i s  the A l f v é n  t r a n s i  t frequency 
. t  A 

c a l c u l a t e d  w i t h  respject t o  n and B y ,  a ( r )  5 B(r) /Bv < 1 i s  r e l a t e d  t o  

plasma 8 by 

8 = 1 - a 2 ( o )  

and the shear A l f v é n  d i s p e r s i o n  r e l a t i o n  

i s  assurned t o  be s a t i  s f  i e d  i n  the  secorrd r e g i o n  where 1 L r i b l a .  In t h e  

f i r s t  r e g i o n  where r 6 1 t h e  rnodes a r e  descr ibed  by 

where 

whose s o l u t i o n  i s  
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I n  the  t h i r d  reg ion,  eq. ( I )  and i t s  s o l u t i o n  a r e  

Using the  l i n e a r i z e d  MHD equat ions6,  the  c o n t i n u i t y  o f  the  p e r t u r b e d  

r a d i a l  magnet i c  f i e l d  and t h e  t o t a l  pressure across r = l  and . r  = a / b  i s  

e q u i v a l e n t  t o  t h e  c o n t i n u i t y  o f  dlog6,/dr. The c o n d i t i o n  a t  r = R/a i s  

SP = O .  We j o i n  t h e  s o l u t i o n s  f o r  t h e  t h r e e  regions and norma l i ze  t h e  

c o e f f i c i e n t s  t o  A s  by choosing A s  = 1.  The e i g e n v i l u e s  a r e  determined by 

where J;(K~) stands f o r  t h e  rad  ia1  der 

(8) 

i v a t  i v e  o f  J ( m )  and so on, and 
m 
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Eq. (8)  i s  a complex v a l u e  equa t ion  s ince  Z(1)<0. Consider ing 

b/a I, we can expand I. (Z) , K,,(Z) and t h e i r  d e r i v a t  i ves  by smal l a r -  

gument expansions. We choose t h e  branch c u t  o f  l o g  Z(1) = log(-Z(1))- i 

where b o t h  I o g Z a n d  log(-2)  a r e  on  t h e  same sheet.  W r i t i n g  W = WR + iW I 
and assuming IvRl >> IwI/, we can a l s o  expand < ( ~ r )  and i t s  d e r i v a t i v e  

about WR. W i í h  a l l  t h e  terms considered,  eq: (8) reads 
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and 

and where, f o r  s i m p l i c i t y ,  the subscript o f  W i s  suppressed and a l l  R 
the expressions a r e  evaluated a t  r = 1 .  The dispersion r e l a t i o n  o f  the 

magnetosonic mode i s  given by 

and the damping r a t e  i s  

Consequently, w i th  w = w + Zwi r 
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To evaluate the e f f e c t  o f  compress 

(13) 

t h  the i l i t y ,  we compare w i  

incompressible case where, i n  equat ion ( 8 ) ,  J ( K P ) ,  (J;) K r  become 
rn 

I m ( k r ) ,  I A ( k r )  and K~ becomes (- k2) .  The expressions o f  G, and G ,  f o l -  

low the  same subs t i t u t i on ,  whereas G2 and Gb read 

I n  the o r i g i n a l  work on ~ l f v é n  wave heating by Grossmann and ~ a t a r o n i s ' ,  

they considered the incompressible surface mode and a r r i ved  a t  a some- 

what simpler r e s u l t  by tak ing  I,(Z) = 1 ,  I i ( Z )  = O.  The magnetic com- 

p r e s s i b i l  i t y  s i g n i f i c a n t l y  reduces the damping rate.  F ig .  ( I )  compares 

the damping r a t e  fo r 'm = I. The case o f  B = O i s  shown i n  f i g .  ( 2 ) .  The 

dispersion r e l a t i o n  i s  a l so  presented i n  the same f i g u r e  i n  each case. 

The most i n te res t i ng  feature i s  t ha t  the rn = 1 magnetosonic mode e x i s t s  

on ly  a t  low frequencies. For k O 
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F ig .  1 - Real and imaginary p a r t  
o f  o v e r s u s  k f o r  d i f f e r e n t  
va lues o f  a/b w i t h  B=0.5showing 
t h a t  t h e  c o l l e c t i v e  mode ceases 
a t  k=0.25 w i t h  c o m p r e s s i b i l i t y  
(C) y e t  cont inues t o  k z 0 . 5  and 
beyond w i t h o u t  c o m p r e s s i b i l i t y  
( I ) .  

Fig.2 - Real and imaginary p a r t  
o f  o versus IC f o r  d i f f e r e n t  va lues 
o f  a / b  wi t h  B=O. 

As k increases,  magnetic c o m p r e s s i b i l i t y  becomes impor tant  andessen t ia l  

d i f f e r e n c e s  beg in  t o  appear, and f o r  k>kmx eq. (10) a l  lows no s o l u t  ions, 

which i s  i n  c o n t r a s t  w i t h  t h e  su r face  mode t h a t  a l l o w s  s o l u t i o n s  f o r a n y  

kl. T h i s  l i rn i t s  t h e  c o l l e c t i v e  mode t o  a small  r e g i o n  o f  k space near 

zero. For m > 2, k becomes much l a r g e r  and t h e r e  i s  n o t  much d i f f e r -  
ma x 

ence from the  sur face  mode. 
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Resumo 

Considerando a compressibi  l idade magnética, é mostrado que, 
para um plasma numa con f igu ração  de 8-pinch, o modo c o l e t i v o  m=l pode- 
r i a  ser l i m i t a d o  em c o n t r a s t e  com os resu l tados  baseados no m d e l o  do 
f l u i d o  incompress ive l .  I s t o  reduz o modo c o l e t i v o  a uma pequena reg ião  
do espaço dos k p e r t o  de zero. 


