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In the theoret ical  investigation of the dynamic stabilization of a c u r r e n t - c a r r y i n g  plasma 
filament by a high-frequency multipole magnetic field it is usually assumed that the c ros s  
section of the filament has a c i r c u l a r  form in equilibrium [1, 2]. This considerably s impl i -  
fies the calculations but it does not cor respond to reality, since the surface  of the plasma 
must be fluted in the multipole field. An attempt to est imate the influence of the deformation 
of the fi lament c r o s s  section on its stability against bending in the special case  of quadrupole 
field was made in [3], in which the pa ramete r s  were  determined of the elliptical c ross  section 
corresponding to a plasma filament with cur ren t  in a quadrupole field and an expression was 
found for  the electrodynamic force  acting on the filament in the case  of long-wavelength kink 
perturbations.  However, this force  was calculated incorrec t ly  in [3]. In the present  paper  a 
study is made of the equilibrium and stability of a c u r r e n t - c a r r y i n g  plasma filament against 
kink perturbat ions in the general case  of a multipole stabilizing field. Under the assumption 
that the flute depth is small,  the equilibrium form of the c r o s s  section of the c u r r e n t - c a r r y -  
ing plasma filament in the multipole magnetic field is found and the components of the force 
exerted by thc field on the perturbed filament are  calculated. It is shown that the external 
field interacts  with the cur ren t  in the perturbed filament only in the case  of a quadrupole field. 
The resul ts  are  discussed in connection with the problem of multipole dynamical  stabilization 
of a z pinch against kink perturbations.  

1. E q u i l i b r i u m  of  C u r r e n t - C a r r y i n g  P l a s m a  F i l a m e n t  in a 
M u l t i p o l e  M a g n e t i c  F i e l d  

We consider  a perfectly conducting plasma cyl inder  with longitudinal sur face  cur ren t  I 0 in an external 
multipole magnetic field. The axis of the conductor  coincides with the z axis of a cyl indrical  coordinate  
sys tem r, 0, z, and its surface  is descr ibed by a function r = r(0), whose form is determined by the mag-  
netic field. 

The magnetic field B outside the plasma filament is a supcrposit ion of the field B 0 of the cur ren t  I 0 
and the external multipole field B n, which can be produced, for  example, by passing cur ren t s  I n in n pairs 
of l inear  conductors  ar ranged parallel  to the axis of the system, the cur ren t s  flowing in opposite direct ions 
in neighboring conductors.  The vec tor  potential A of this field has only the single component Az = Az(r, 0), 
which sat isf ies the equation 

iAz = 0 ( 1 . 1 )  

and appropria te  boundary conditions. 

ff it is assumed,  as in [1, 2], that the plasma conductor  has c i r cu la r  c r o s s  section of radius a, the so-  
lution of Eq. (1.1) can be written in the form 

A z = A , , ( r ) ~ - A , , ~  ~ (r, 0) 
Azo : - - A o l a ( r / a ) ,  Az, ~ --- - A n  [(r / a) ~ - ( r / a ) - " ] c o s n 9  (1.2) 
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H e r e  A 0 and  A n a r e  c o n s t a n t s ,  w h i c h  c a n  b e  e x p r e s s e d  in t e r m s  of t h e  c o m p o n e n t s  of t h e  f i e l d  on t h e  

s u r f a c e  of t h e  c y l i n d e r .  T h e  f i e l d  B = r o t  A n e a r  t h e  c y l i n d e r  h a s  t h e  c o m p o n e n t s  

B~ = '/2B~ [(r / a) ~-' - -  (r / a) . . . .  '1" sin nO 

Bo = B o (r ! a) -1 + 1,'zB . [(r / a) "-x + ( r  / a) . . . .  1] cos nO (1.3) 

w h e r e  Bn = 2 n A n / a ,  B0 = A o / a  = 210/ca,  and c i s  t h e  v e l o c i t y  o f . l i g h t  in v a c u u m .  

In t h e  s p e c i a l  c a s e  w h e n  t h e  m u l t i p o l e  f i e l d  i s  p r o d u c e d  by c u r r e n t s  In in n p a i r s  of  l i n e a r  c o n d u c t o r s  

p a r a l l e l  to t h e  z a x i s  bu t  r e m o v e d  f r o m  i t  by t h e  d i s t a n c e  b, 

B ,  = 4n (a / b) ' (2I ,  / ca) (1.4) 

L e t  us  c o n s i d e r  a m o r e  r e a l i s t i c  c a s e  w h e n  t h e  f i l a m e n t  s e c t i o n  t a k e s  t h e  f o r m  d e t e r m i n e d  by t h e  6 o n -  

d i t i on  of c o n s t a n c y  of t h e  p r e s s u r e  on t h e  p l a s m a  s u r f a c e .  A s s u m i n g  tha t  t h e  d e f o r m a t i o n  of t h e  f i l a m e n t  

c r o s s  s e c t i o n  d u e  to t h e  m u l t i p o l e  f i e l d  i s  s m a l l ,  w e  s h a l l  l o o k  f o r  t h e  e q u a t i o n  of t he  f i l a m e n t  s u r f a c e  in 

t h e  f o r m  

r ( O ) = a + 6 ( O ) = a ( t - - 8 ,  cosnO),  ~ t  (1.5) 

T h e  f l u t e  dep th  6n is  d e t e r m i n e d  by t h e  r a t i o  of t h e  f i e l d s  Bn  and B 0 n e a r  t he  s u r f a c e  of t h e  c o n d u c t o r .  
A s s u m i n g  tha t  

we  s h a l l  l o o k  f o r  t he  p o t e n t i a l  Az  in t h e  f o r m  

Az = Azo (r) + A~.  s (r, 0) 

Azo = - -Aoln  (r ! a), Az~ ~ = - -  [A,, (r / a) ~ + A_n (r / a)- ' ]  cos nO 

[A 0 and A n a r e  t he  s a m e  a s  in (1.2)] s u b j e c t  to t h e  a d d i t i o n a l  c o n d i t i o n s  

(1.6) 

(1.7) 

Az  = Azo + Az,, ~ = const (1.8) 

B ~ = (Bo + B,)  2 == const (1.9) 

on t h e  s u r f a c e  of t h e  p l a s m a  (1.5). T h e  c o n d i t i o n  (1.8) i s  a c o n s e q e u n c e  of t h e  t r a n s l a t i o n a l  s y m m e t r y  of t h e  
s y s t e m ;  (1.9), of t he  e q u i l i b r i u m  c o n d i t i o n  of t h e  p l a s m a .  E x p a n d i n g  A z and B 2 in a T a y l o r  s e r i e s ,  w e  o b -  
t a in  in t h e  l i n e a r  a p p r o x i m a t i o n  in 6 

A=I . . . . .  s m ( A : o  + A:,S + 6aA:o ' Or) l . . . .  = const = A:o (a) = 0 (1.1o) 

B 21 . . . .  s m (B0o~ + 2Boo B0,, T 2B0o60Boo/Or)]r=a = const = Boo 2 (a) = Bo 2 (1.11) 

E q u a t i o n s  (1.10) and (1.11) a r e  o b v i o u s  if o n e  r e m e m b e r s  tha t  t h e  s e c o n d  and t h i r d  t e r m s  in t h e b r a c k -  

e t s  d e p e n d  on  0. F r o m  (1.10) and (1.11) 

Bo~ - - -6  (aBoo / ar)l~=a, Az,~ + = - -8  (SAgo / a r ) [  . . . .  (1.12) 

U s i n g  (1.7) and t h e  e q u a t i o n  Bn = r o t  An ,  w e  f ind  f r o m  (1.12) f o r  n > 1 (when n = 1 e q u i l i b r i u m  is  i m -  
p o s s i b l e )  

n :- I 2 n  ..'I 
A_,, = ~ ,1~, 6,, - " 

�9 ,~ - -  I . 1 ,  

' r ',, n =  I ' , . . . .  ] n/+ A~, t=~- -A~ :.-/-] - , , - - t  '-T-; ' CO.q 

T h e  m a g n e t i c  f i e l d  in t h e  n e i g h b o r h o o d  of t h e  p l a s m a  f i l a m e n t  then  h a s  t h e  c o m p o n e n t s  

(1.13) 

B , . = = + B , ,  --~--) /- n - - t  \ - '~1"  I s inn0 

== - -  " - -  -- ~--~ l c o s n 9  
\ a I ' - L., a ] n - - I  , a ] 3 

(1.14) 
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Let  us c o n s i d e r  t he  b e h a v i o r  of the  m u l t i p o l e  f i e ld  n e a r  the  ax i s  of the  s y s t e m  u n d e r  d i f f e r e n t  c o n d i -  
t ions .  It fo l lows  f r o m  the  e x p r e s s i o n s  (1.3) and (1.14) tha t  when r = a 

Bo,, = II2B ~ cos nO, B0~ = B~cos nO. 
B ~  = --[B~ / (n - -  1)1 cos nO 

in the a b s e n c e  of a p l a s m a ,  in the  c a s e  of a c i r c u l a r  p l a s m a  filament, and in the  c a s e  of a f lu ted  c r o s s  s e c -  
t ion,  r e s p e c t i v e l y .  

It c an  be  s e e n  that  t he  m u l t i p o l e  f i e ld  n e a r  the  ax i s  of the  s y s t e m  c h a n g e s  a p p r e c i a b l y .  In the  c a s e  of 
a f lu ted  s e c t i o n  even the s ign  of the  f i e ld  c h a n g e s ,  and th i s  m u s t  r e v e r s e  the  s t a b i l i z a t i o n  ef fec t  ( d e s t a b i l i -  
za t ion) .  The  c h a n g e  of the  m u l t i p o l e  f i e ld  i s  due  to the  d i a m a g n e t i c  c u r r e n t s  in the  p l a s m a  c o n d u c t o r  i n -  
duced  by the  p r i m a r y  e x t e r n a l  f i e ld .  

Using  the  e x p r e s s i o n  (1.13) f o r  5n, we can w r i t e  

B,  = (n - -  i)B06n (1.15) 

Th i s  i s  a f o r m a l  equa t ion  f r o m  which one canno t  c o n c l u d e  that  Bn = 0 when 6n - 0, s i n c e  Bn and 6n 
w e r e  d e t e r m i n e d  a b o v e  f o r  the  two d i f f e r e n t  c a s e s  of a c i r c u l a r  and f lu ted  s ec t i on .  T h e  r e l a t i o n s h i p  b e -  
tween  Bn and 5 n a r i s e s  b e c a u s e  f o r  g iven  c u r r e n t  I 0 they a r e  d e t e r m i n e d  by the  m u l t i p o l e  f i e ld  Bn. 

It fo l lows  f r o m  Eqs.  (1.14) and (1.15) tha t  when r = a  

Bz,~ ~ n6,,So, B0~ ~ 5~B0, ] B, I ~ n6~ ] B o ] 

and t h e r e f o r e  the condi t ion  (1.6) of a p p l i c a b i l i t y  of the t r e a t m e n t  is  s a t i s f i e d  when n5 n << 1. 

2 .  M a g n e t i c  F i e l d  N e a r  t h e  P e r b u r b e d  F i l a m e n t  

Suppose  the  p l a s m a  c o n d u c t o r  u n d e r g o e s  a s m a l l  p e r t u r b a t i o n  of the  m = 1 mode  u n d e r  which i t s  s u r -  
f a c e  i s  d e s c r i b e d  by the  equa t ion  

r (0 ,  z, t) =-= ro(0 ) + ~ (0, z, t) = ro (t ) -~- a~ l ( / ) cos (0  7L kz), ~l ~ i (2.1) 

w h e r e  r0(0) = a + 5 (0) i s  the  e q u i l i b r i u m  s u r f a c e  of the  c o n d u c t o r  and ~(0, z, t) is  the  d i s p l a c e m e n t  of the  
s u r f a c e  due  to t he  p e r t u r b a t i o n .  T h e  f i e l d  B n e a r  the  p e r t u r b e d  f i l a m e n t  is  d e t e r m i n e d  f r o m  the  equa t ions  

B = V(D, Ad~ = 0 (2.2) 

with a l l o w a n c e  f o r  the d e c r e a s e  of the perturbat ion  of the f ie ld  at infinity and the boundary condit ion  

(Bn) = 0 (2.3) 

on the  p l a s m a  s u r f a c e  (2.1). In (2.3), n i s  the  unit  v e c t o r  of the  e x t e r n a l  n o r m a l  to the  p l a s m a  s u r f a c e .  A f -  
t e r  expans ion  in a T a y l o r  s e r i e s  and a l l o w a n c e  fo r  the  cond i t i on  (B(0n(~ r = r 0  = 0, Eq. (2.3) b e c o m e s  

[B(~ (1) + Ba)n (~ + t0 (B(O)n ~~ / Or] I . . . .  == 0 (2.4) 

H e r e  and be low the  s u p e r s c r i p t  0 is  appended  to the  e q u i l i b r i u m  q u a n t i t i e s ,  and 1 to t h e i r  i n c r e m e n t s  
in the  p e r t u r b a t i o n .  In p a r t i c u l a r ,  the  f i e l d s  ob ta ined  in Sec.  1 m u s t  have  the  s u p e r s c r i p t  0. 

T h e  v e c t o r s  n(~ and n (t) on the  e q u i l i b r i u m  s u r f a c e  r 0 have  the  c o m p o n e n t s  (in the  l i n e a r  a p p r o x i m a -  
t ion in 5 and 4) 

n(~ {l, ~ 00~ , ~-z~ - n ( ~  

(2.5) 
{ t 0~ ' 0~ } __ n~l) {0, (i + 6~ cos nO) ~1 sin (0 - -  0o), + ka~x sin (0 0o)} n (1) O , -  r'o O0 ' ~ - -  - -  

w h e r e  (90 = • kz i s  the  ang le  be tween  the  x ax i s  (0 = 0) and the  d i r e c t i o n  of the  d i s p l a c e m e n t  of the  ax i a l  l i ne  
of the  f i l a m c n t  in the  c r o s s  s e c t i o n  with c o o r d i n a t e  z. 

Using  Eqs .  (1.16) and (2.5), w e  ob ta in  f r o m  the  b o u n d a r y  cond i t i on  (2.4) in the  l i n e a r  a p p r o x i m a t i o n  in 
6 and 
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--Bon6n~l sin nO cos(0 - -  0o) + Bo~ 1 (t + 6 . c o s n 0 )  sin (0 - -  0o) + B~ (1) I, ..... - -  Bo(t)l ~--~n(i.sin nO = 0 

We s h a l l  s e e k  the  s c a l a r  p o t e n t i a l  @(l) in the  f o r m  

(2.6) 

q 1 

(D (t) = ~ C~K~+y= (kr) sin [(i + / n )  0 - -  0o] (2.7) 
Y=--I 

w h e r e  Cj a r e  c o n s t a n t  c o e f f i c i e n t s  and Ki(x ) a r c  M a c d o n a l d  func t ions .  In th i s  f o r m ,  ~(1) s a t i s f i e s  Eq. (2.2) 
and the  b o u n d a r y  cond i t i on  a t  inf ini ty .  Subs t i t u t ing  B r  (1) = 0~(1)/0r  and B0 (I) = ( l / r ) O ~ t ) / O 0  into (2.6), w e  
ob ta in  

1 
B0~ sin (0 - -  00) + ~/.zBo5,~, ~ (l - -  in) sin [(t -4- ]n) 0 - -  00l + ~ {CjkK~+y, (ks) sin [(t + in) 0 - -  00] - -  

]=--t, I j=--I  

t ions  

(2. 8) 
Cja:lKl+in (ka) nS .  sin nO cos [(1 -[,- in) 0 - -  001~ = 0 

,w 

T h e  p r i m e  d e n o t e s  d i f f e r e n t i a t i o n  with  r e s p e c t  to the  a r g u m e n t .  

Equa t ing  to z e r o  the  to ta l  c o e f f i c i e n t s  of sin[(1 §  f o r  j = O, *- 1, we  ob ta in  the  s y s t e m  of e q u a -  

Bo~ 1 + CokKl' (ka) = O, ] = 0 

t/2 (t - -  in) Bo6n~l --  CjkK'**j~ (ka) - -  I /z jn6.Coa-tK t (ka) = 0 

j = J : t  

f r o m  which  we f ind the  c o e f f i c i e n t s  Cj: 

C o -  B,,~, B~,bn~t [ ( Kt(ka) )] 
kKt" (ka) Ci=:t:I : 2kK~+y a t - -  jn t ' kaKl' (ka) (2.9) 

S ince  the  c o e f f i c i e n t s  Cj f o r  j ~ 0 a r e  p r o p o r t i o n a l  to 5n, t he  t e r m s  r e m a i n i n g  in Eq. (2.8) tha t  con ta in  
s in  nO c o s  [(1 + i n ) 0 - 0 0 ]  a r e  of s e c o n d  o r d e r  in 5 n, which w e  h e r e  i gno re .  Thus ,  in the  l i n e a r  a p p r o x i m a t i o n  
in 5, Eq. (2.2) and the  bounda ry  c o n d i t i o n s  a t  inf in i ty  and on the  p l a s m a  s u r f a c e  c a n  be  s a t i s f i e d  by c h o o s i n g  
the  s c a l a r  po t en t i a l  ~(1) in the  f o r m  (2.7) with the  c o e f f i c i e n t s  Cj (2.9). 

3 .  F o r c e  A c t i n g  o n  a P e r t u r b e d  P l a s m a  F i l a m e n t  in  t h e  M u l t i p o l e  F i e l d  

One of the  p o s s i b l e  ways  of i n v e s t i g a t i n g  the  s t a b i l i t y  of a p l a s m a  c o n d u c t o r  with a sk in  c u r r e n t  a g a i n s t  
m = 1 mode  p e r t u r b a t i o n s  u n d e r  which the  s u r f a c e  of the  c o n d u c t o r  i s  d e s c r i b e d  by  Eq. (2.1) u s e s  the  s o -  
c a l l e d  " m o d e l  of a f l e x i b l e  f i l a m e n t . "  In the  l i n e a r  a p p r o x i m a t i o n  in ~ one c a l c u l a t e s  the  f o r c e  F tha t  the  m a g -  
net ic  f i e ld  e x e r t s  on the p e r t u r b e d  c o n d u c t o r  and one  then i n v e s t i g a t e s  the  equat ion  of mot ion  of an i n f i n i -  
t e s i m a l  length of the  c o n d u c t o r ,  Md2~/dt  2 = F ,  w h e r e  M is  the  r e l e v a n t  m a s s .  

As  fo l lows  f r o m  i t s  d e r i v a t i o n ,  th i s  equa t ion  a c t u a l l y  d e s c r i b e s  the  t r a n s v e r s e  ( r e l a t i v e  to the  ax i s )  
o s c i l l a t i o n s  of thin h o m o g e n e o u s  d i s k s  that  a r e  d i s p l a c e d  a s  a whole  and m o v e d  r e l a t i v e  to one a n o t h e r  in 
the  a x i m u t h a l  d i r e c t i o n  th rough  the  a n g l e  &9 = 4-k&z. 

Th i s  c r u d e  mode l  m u s t  s a t i s f a c t o r i l y  d e s c r i b e  t he  s y s t e m  if the  p e r t u r b e d  p l a s m a  b e h a v e s  a s  an i n -  
c o m p r e s s i b l e  f lu id  and the  f o r c e  F is p u r e l y  t r a n s v e r s e .  T h e s e  c ond i t i ons  a r e  s a t i s f i e d  a d e q u a t e l y  if,  r e -  
s p e c t i v e l y  kv s >> ~ and k~ .-." 1, w h e r e  Vs is  t he  ve loc i t y  of sound in the  p l a s m a  and g2 is  the  f r e q u e n c y  of o s -  
c i l l a t i o n s  (growth ra te )  of the  s y s t e m .  The  f i r s t  i n e q u a l i t y  is  the  cond i t ion  of i n c o m p r e s s i b i l i t y ,  w h i l e  the  
second ,  which m e a n s  tha t  one  m u s t  c o n s i d e r  only " s m o o t h "  p e r t u r b a t i o n s ,  is  ob t a ined  f r o m  the  cond i t i on  

In• 1 >> Inlll~ k~. 
The  t r a n s v e r s e  f o r c e  Fj .  can  be  found f r o m  the  f o r m u l a  

V.l" = - -  (t/8n) ~ B~nl. dl 

w h e r e  the  i n t e g r a t i o n  i s  a r o u n d  the  bounding c o n t o u r  of the  c o n d u c t o r  c r o s s  s ec t i on .  
merit  

(3.1) 

The  c o n t o u r  a r c  e l e -  

dl = {Jr (0)] 2 + [dr / d012}v, 
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in the c o n s i d e r e d  ca se ,  when r(0) is given by Eq. (2.1), is equal in the l i n e a r  approx ima t ion  in 6 and ~ to 

dl = [a + r + ~ + (1 / a ) (~  + ~5'~')ldO 

i s  

Taking into account  the  e x p r e s s i o n s  (2.5) f o r  n, one can obtain the componen t s  of the v e c t o r  n• 

n~ dl = {cos 0 -b ~1 cos (20 --  00) + n6,~1 sin 00 sin nO --  1]~6,, ~ [(i + in) cos (i + in) 0 
I~--I,  1 

+ ~, co s 0 cos [(1 + in) 0 - -  0011} a dO 

ny dl -~ { s in  0 -~- ~1 sin (20 - -  0o) - -  n S ~ l  cos 0o sin nO (3.2) 

- -  1/shn ~.j [(t + ] n ) s i n ( t  + ]n)O 
iffi--l, 1 

+ ~ sin 0cos l(t + ]n)  O- -  0ol}t a dO " 

The  magnet ic  p r e s s u r e  on the s u r f a c e  of the p e r t u r b e d  f i lament  in the l i n e a r  app rox ima t ion  in 6 and 

(t/8n) B' ]'=~~ =(t/8"~){B(~ + 2B(~ + 5 0-~'[BCOr~ + 2B(~ ~OB(O"/Or] } L ,  

Afte r  the ca lcu la t ions  we  obtain 

1 

8--~B 2] . . . .  +~"-8-~B02{ t -I- ~ b, c o s [ ( i + ] n )  0- -00]}  
)'=--1 

bo ---- 2 (~F1 - -  t)  ~1, tF~ = - -  i2Ki (ka) ] kaKi '  (ks) (3.3) 

bi=+_1 = {~F1 + n 2 + ]n + ~'1+i~ (1 + in) - I [ l  - -  ]n( i  -]- tF1)]} 6~i  

Ana lys i s  of (3.2) and (3.3) shows that  the t e r m s  with j = 1, n ~ 2, and a l so  the  th i rd  and four th  t e r m s  
in (3.2) do not con t r ibu te  to the  in teg ra l  (3.1). The  exp re s s ions  fo r  the c o m p o n e n t s  of the f o r c e  F• a r e  

Fx,y --  1/,{Bo2 (i - -  k121) ~ BoB 2 (qr2 + ,/o.T 1 _ U,)} ~,.,v (3.4) 

w h e r e  ~x = a~l c ~  ~y =a~ls in0,  and the upper  s ign in f ron t  of the t e r m  with B0B 2 c o r r e s p o n d s  to the x c o m -  
ponent, the l o w e r  to the y componen t .  In (3.4) we have  used the re la t ion  52 = B2/'B 0 in a c c o r d a n c e  with (1.13). 

If k s  << 1, then ~1 ~ 1, 1 - ~  1 ~ (ks) 2 ln(2/rika) (In ~1 = 0 . 5 7 7 . . .  is E u l e r ' s  constant )  and (3.4) y ie lds  fo r  
Fx,  y 

F.~.,,j = I /4{Bo 2 (ks )  2 In (2 / ~]ka) :2: S/4BoB2} g.~,u (3.5)  

ff the quadrupole  field is g e n e r a t e d  by c u r r e n t s  12 in two pa i r s  of rods  that  a r e  connec ted  in an t iphase  
and a r e  s i tua ted  at a d i s t ance  b f r o m  the axis  of the s y s t e m ,  then it fol lows f r o m  (1 .4) tha tB2=8(a /b)2(2Ia /ca)  
and the second  t e r m  in the c u r l y  b r a c k e t s  of (3.5) takes  the f o r m  ~40IoIz/b2c 2. Th i s  e x p r e s s i o n  is half  that  
obtained in [3], in which a s impl i f ied  s c h e m e  fo r  ca lcu la t ing  F was  used.  

We g ive  without  ca lcu la t ions  the  r e su l t  obtained by ca lcu la t ing  Fx,  y f o r  5 =0. To t e r m s  quadrat ic  in 
Bn, which d e t e r m i n e  the " m i n i m u m  B" effect  

Fx,u = 1/4(B02 (1 - -  ~ 1 )  ~ BoB2WI + 1/2B~2 [1 - -  1/2 (qrl_~ + Tl§ ~x,~ (3.6) 

Fx,v = U4{Bo z (ks) 2 in (2 / ~lka) ~,- BoB s -1- I/3 (t - -  n) B~2}~x,y, ka ~ I (3.7) 

Compar ing  (3.4) and (3.5) with (3.6) and (3.7), we  can s e p a r a t e  out the c o r r e c t i o n  to Fx, y l i nea r  in Bn 
due to the f luting of the f i l ament  sur fac  e: 

-~-f_~I/4Jr~0~2 (t~12 -~ 3/2~IY 1 - -  1/4)~x,y - ~  ~ 9/16BoB2~x,v, k a  ~ 

which exceeds  in abso lu te  magni tude  by a f a c t o r  9/4 the f o r c e  of the in te rac t ion  of the quadrupole  field with 
the c u r r e n t  I 0 in the c a s e  5 =0 and has the oppos i te  sign. 

Inspect ion of (3.4)-(3.7) shows that  the in te rac t ion  of the mul t ipole  f ield with the c u r r e n t  I 0 in the p l a s -  
ma  c o n d u c t o r  o c c u r s  only when n =2 (quadrupole  field). The de fo rma t ion  of the s u r f a c e  of the p l a s m a  f i l a -  
ment  under  the  inf luence of the quadrupole  field leads  in the region of the l ong -wave  p e r t u r b a t i o n s  to r e -  
ve r sa l  of the effect  of the in te rac t ion  between the quadrupole  field and the c u r r e n t  in the f i l ament :  w h e r e a s  
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perturbations in the zx plane (for the field (2.1) considered here) a re  stabilized and those in the zy plane a re  

destabilized when the filament has a c i r c u l a r  c r o s s  section [1, 2], the situation is reversed  as regards  the 
stabilization of long-wave kink perturbat ions of a f i lament with elliptical c ro s s  section. 

4.  M u l t i p o l e  D y n a m i c a l  S t a b i l i z a t i o n  of  a z P i n c h  

The interaction of the quadrupole field with the cur ren t  in the plasma fi lament depends on the d i r ec -  
tion in which the fi lament is displaced in the perturbation: in one plane (zy, for  example) the fi lament is 
stabilized; in the other  (zx), destabilized. Periodic variation with the t ime of the quadrupole field or  the 
cur ren t  in the f i lament leads to adynamic  stabilizing effect [1-4], which does not depend on the direct ion 
of displacement.  Fo r  a multipole field of higher o rde r  (n > 2) a s imi la r  effect cannot occur  according to the 
resul ts  of Sec. 3. 

Experiments  on the multipole dynamic stabilization of a z pinch were  made with quadrupole [5, 6] 
and hexagonal (n =3) [7l high-frequency fields. In both cases  a stabilizing effect was observed,  not only in 
the region of long-wave perturbations,  as was predicted by the theory of [1, 2], but quite general ly for  kinks 
of any wavelength. This extension of the range of multipole dynamic stabilization (n > 2, shor t -wave  pe r -  
turbations) indicates that some  additional mechanisms must be invoked to explain the stabilization effect (in 
addition to the interaction between the multipole field and the cu r ren t  in the fi lament considered here  and 
ea r l i e r  in [1, 2]). One of them may be associated with rapid oscil lat ions of the plasma sur face  under the 
influence of the alternating multipole field. This suggestion is based on the resul ts  of [8], in which a gen- 
eral investigation was made of the influence of high-frequency oscil lat ions of the plasma surface on its s ta-  
bility against slowly increasing perturbations.  

In the multipole field (1.14) with Bn -- Bnl cos cot the boundary of the plasma must follow the magnetic 
"wall" so that the plasma c r o s s  section takes the fluted form (1.5), which osci l la tes  on account of (1.15) with 
the frequency w of the field if vs >>w6na. This condition is usually satisfied experimentally,  since a r e l a -  
tively small  quantity ~ 107 c m / s e c  (~0 ~ 107 sec -1, 5na~  1 cm) occurs  on the r ight-hand side. Ellipticity of 
the fi lament c ro s s  section in an alternating quadrupole field was observed in [6]. Rapid oscil lat ions of the 
filament surface  in an alternating multipole field for  any n must give a stabilizing effect that is s t ronger  in 
the region of sma l l - s ca l e  shor t -wave perturbations.  

I thank S. M. Osovets and M. L. Levin for  discussing the paper. 
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