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ABSTRACT 

The e f f e c t  o f  t h e  a n i s o t r o p i c  p ressure  o f  a  h o t  e l e c t r o n  plasma on 

ba! loaning-i nterchange and compressional  A1 fv6n  modes a r e  i n v e s t i g a t e d .  

General eigenmode equat ions  f o r  these  modes a r e  d e r i v e d  i n  t h e  e i k o n a l  

1  i m i  t w i t h  f i n i t e  gy ro - rad ius  e f f e c t s  r e t a i n e d .  A  l o c a l  d i s p e r s i o n  re1  a t i o n  

i s  ob ta i ned  i n  t h e  f l u t e  l i m i t  f o r  an i s o t r o p i c  Maxwe l l ian  background plasma 

w i t h  o h i  -Maxwell i a n  h o t  c l c c t r o n  p o p u l a t i o n .  SLdb,il l t y  I s  I n v e s t i g a t e d  

b0t.h a n a l y t i c a l  l y  and numer ica l  l y .  
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I .  INTRODUCTION 

In a recent paper,1 the s t a b i l i t y  of a hot electron ring-plasma system 

in e i the r  tandem mirror or  Elmo Bumpy Torus (EBT) geometry was investigated. 

Modes with wave frequency w below the ion gyrofrequency Ri were treated by using 

the gyrokinetic technique. A s e t  of ball ooning-interchange/compressi onal 

Alfven eigenmode equations were derived from the Maxwell equations. This 

resul t ing s e t  of equations i s  general enough to  describe low frequency (U c R ~ )  

modes i ncl udi ng interchange , shear and compressiona l A l f ven , and dr.1 f l: wdveb. 

In the l imi t  in which ballooning i s  negligible, k,, z 0 (where k, ,  i s  the parallel 

wavenumber), the shear Alfven and d r i f t  waves decouple from the system. One 

then recovers the dispersion relat ion,  which i s  the focus of much of the recent 

ring s tabi  1 i ty analyses, 1 y 3 y 4  and describes the coupling of interchange and 

compressional Alfven modes. 

However, t he  c a l c u l d l ' i ~ t ~  in Ref. 1 i s  based on an isotropic Maxwellian 

model: the equilibrium dis tr ibut ion functions for the core electrons,  ions 

and hot electrons are ass~lmed t o  be isotropic Maxwellians. For t h e  hat  e1ec.l-r-urrs 

t h i s  assumption i s  obviously not t rue because the hot electrons are generated 

hy electron cyclotron heating which he,ats preferentially in the perpendicular 

direct ion.  In t h i s  work, we will remove the isotropic assumption. In order 

to  obtain the simplest r e su l t s ,  we eventually retain only the anfsotropy of 

t h e  hot electrons,  while continuing to  t r e a t  the ions and core electrons as 

isotropic  Maxwellians. 

The in teres t  in anisotropic e f fec ts  in a high beta hot electron plasma 

i s  not new. Theoretical investigations"n the l a t e  1950's revealed tha t  

a high beta. plasma having a perpendicular pressure (p,) greater than the 



para1 l e l  pressure (p,,) cou ld .  be unstable w i t h  respec t  t o  t h e  so -ca l l ed  " m i r r o r  

i n s t a b i l i t y .  " It i s  b a s i c a l l y  a  f a s t  (compressional ) A1 fv6n mode which becomes 

destabi  1  i z e d  by pressure a n i  sot ropy.  

These e a r l y  r e s u l t s  were based on i n f i n i t e  homogenous medium theory.  I n  

a  ho t  e l e c t r o n  r ing-plasma system, i t  has been shown- t h a t  f o r  k,, s 0 a  s u b t l e  

c a n c e l l a t i o n  i n  t h e  d i spe rs ion  r e l a t i o n  of t h e  compressional A l f v6n  mode leads 

i ns tead  t o  a  curva ture  d r i v e n  compressional A1 fven i n s t a b i l  i ty1'3'4 because o f  

t h e  f i n i t e  beta e f f e c t s  o f  t he  ho t  e lec t rons .  Since i t  i s  t h e  per tu rbed h o t  

e l e c t r o n  pressure t h a t  - i s  respons ib le  f o r  t h e  s u b t l e  cancel l a t i o n ,  a  c a r e f u l  

g y r o k i n e t i c  ca l cuJa t i on  i n c l u d i n g  the  a n i s o t r o p i c  v e l o c i t y  d i s t r i b u t i o n  o f  t he  

h o t - e l e c t r o n s  becomes necessary i n  o rder  t o  ob ta in .an  accurate p i c t u r e  o f  t h e  

i n t e r a c t i o n  between t h e  mi . r ror  d r i v i n g  f o r c e  and the  inhomogeneity. 

I n  o rder  t o  be as. general as p r a c t i c a l  we s h a l l  i n i t i a l l y  assume ' t h a t  a l l  

2  e q u i l i b r i u m  d i s t r i b u t i o n  func t i ons  F depend upon t h e  magnetic..moment LI = vl./2B 
j 

2 as w e l l  as energy E = v  1 2  and g u i d i n g  cen te r  l o c a t i o n  R = r + R-'vxfi , where - J - -  
h 

B = (01 , n  = B / B ,  and R = Z.eB/M.c w i t h  B  the  unperturbed magnetic f i e l d  ... - - ~ J J  - 
and Z and M t h e  species charge number and mass. The unperturbed d e n s i t i e s  

j j 

N.  and t h e  t o t a l .  unperturbed pressures p, and p,, a re  assumed t o  s a t i s f y  quasi -  
J 

neu t ra l  i t y  

5 

and pressure balance 



V(4rrp, ... + $8') = [l + - ~ , , ) ] B * v B  ... ....-" + ~ITBB*V(-) -... - 
B B 

w i t h  

and 

The species subscrSpt j will be used Lu cle~.~oLe Isot elect\-sns ( j  ;- h , Z- - -1 , h 

M h  = m )  , core electrons (j = e , Z = -1 , M = m) , and ions ( j  = i , Z .  = Z , e e 1 

Mi = M).  

Perturbed f ie ld  quantities will be indicated by a t i lda.  The per.turbed 
... 

scalar and vector potenti a1 s: will be denoted by and a with R , ,  I 6.A . For ... .-" ... ... 
any perturbed quantity Q , we employ the eikonal ansatz 

with i-vs ... ... = 0 , ... k ,  - VS .-" , and a satisfying k, >> k l l  E li*!!LnGl and 
... 

k l  >> Ivt.~nQ(r,w) - - .-" 1 
. Defining a displacement 5 ... via 

.-" 

the perturbed species distribution function f can be written as  
6 

j 

2fi.p aF , - ( J o i . v ~ j  + J~ &&B,,) e x p ( - i ~ )  + ( R .  + 6.1 exp(-iL) ( 2 )  ... ... J J  

where sa t is f ies  the gyrbklnetic equation 
j 



9 

We have employed t h e  d e f i n i t i o n s  

-1 ' .., A - 
L 5 R. kLx;*vL , B,, z -ikLxn;.A , 

J -  - -  .., - -  

= (T, ./M .a. ) k,*n^x~~nB , W b j  - J  J J -  - -  
and 

The n t h  o rde r  Bessel f unc t i ons  Jn have argument klvl/R. . I n  Eq. ( 2 )  , gj 
.1 

i s  t h e  c o r r e c t i o n  t o  7.  t o  nex t  o rde r  i n  w/R. and f o r  i s o t r o p i c  i ons  i t  s a t i s f i e s  2  
J  J 

w i t h  @ t h e  gyrophase angle. Only the  l ead ing  o r d e r i o n  gi , 

need be employed t o  o b t a i n  t h e  p o l a r i z a t i o n  d r i f t  t h a t  i s  necessary t o  r e t a i n  i n  

o rde r  t o  recover  t h e  compressional A1 fv6n  mode. 
1 



111. MAXWELL EQUATIONS 

The system o f  t h ree  e igenval  ue equat ions i n  t he  th ree  unknowns m y  El, , 
and ill can be der ived i n  a  s t r a i g h t f o r w a r d  manner by j u d i c i o u s l y  employing 

t h e  app rop r ia te  moments o f  t h e  if. o f  Eqs. ( 2 )  and ( 3 )  f o r  , k,v,/R. <: 1 i n  
J J 

t h e  Maxwell equat ions. 
3  We f i r s t  form q u a s i - n e u t r a l i t y ,  P  el d  v  7 = 0 ,  by us ing  LZ.eN = 0  

J j J j 
3  and n n t i n g  1 d v G.. egp( - i L )  = 0  f o r  t he  gi o f  Eq. (6 ) .  The r e s u l t i n g  

J 

expression may then be w r i t t e n  as 

2  3  
S i m i l a r l y ,  the  - kLxn - component o f  Ampere's law,  ( lk ,c /4n)~, ,  -LZ.e d  v  k,~~finv,? J - - -  j 

may be evaluated t o  o b t a i n  

w i t h  



and where C i s  de f i ned  v i a  

To eva lua te  C ,  we f o l l o w  Ref. 1 6 n d  m u l t i p l y  Eq. ( 5 )  by k , * v I ,  - - i n t e g r a t e  ... ... 
over  a l l  v  , and employ t h e  lowes t  o r d e r  tji of Eq. ( 6 )  t o  o b t a i n  ... 

As a  r e s u l t ,  we may w r i t e  

w i t h  Gi g i ven  by  Eq. ( 6 ) .  Ca r r y i ng  o u t  t h e  v e l o c i t y  space i n t e g r a l  y i e l d s  

where vA = ( B ~ / ~ T M N ~ ) %  i s  t h e  A l f v e n  speed. 

F i n a l l y ,  we employ t h e  p a r a l l e l  Ampere's law 

(~ :C /~ IT )A , ,  = = 2 z je  I d3v v,,? j , 

a long  w i t h  Eq. ( 2 )  t o  o b t a i n  

R e w r i t i n g  Eq. - ( 13 )  by employing Eq. ( 3 ) ,  and then  u s i n g  quas i -neu t ra l  i t y  as 

g iven  by Eq. ( 7 )  and t h e  pe rpend i cu la r  Ampere's law o f  Eq. (8)  t o  e l i m i n a t e  

3  w 

P Z . e / d 3 v  h . J  and L Z . e j d  vwbjh jJo,  r e s p e c t i v e l y ,  y i e l d s  a f t e r  a con- 
J J 0 J 

s i d e r a b l e  amount o f  a l geb ra  . . . 



I n  Eq. (14)  we have de f i ned  t h e  fo l lowi ,ng q u a n t i t i e s :  

- -1 
u = P k,xR-x (yplj ) I n j  , P ... ... 

and 
3 4 

w 9 5 [ 2 (p, J J  . /Q.)]- '  I ( M ~ / ~ Q $ ) ~ ~ ~ * V ( ~  ... - v vLFj) . 



Rather than employ Eqs. (7 ) ,  (8) ,  and (14) as the  system o f  t h ree  eigen- 

val ue equat ions f o r  6 , B, ,  , and a,, , i t  i s  convenient t o  rep lace Eq. (7 )  by 
3 

the  P Z j e j  d  v  vllJ0 moment o f  Eq. (3 )  w i t h  the  p a r a l l e l  Ampere's law o f  

3 Eq. (12) employed t o  e l  im ina te  E Z .e j d v  vIlR and thereby ob ta in  t o  lowest  o rde r  
J j - 

Equations (8 ) ,  (14), and (16) a long w i t h  Eqs. (2 )  and (3 )  a re  the  convenient 

system o f  eigenvalue equat ions f o r  an a n i s o t r o p i c  plasma. 

Equation (16) i s  bes t  viewed as the  k i n e t i c  genera l i za t i on  o f  t he  i d e a l  

1 
MHD c o n s t r a i n t  r e l a t i n g  iwi,,/c and " fi.85. - I t  has p rev ious l y  been r e f e r r e d  t o  

as the  " p a r a l l e l  Ohm's law;" b u t  i t  i s  more accurate t o  no te  t h a t  i t  i s  r e a l l y  

j u s t  t h e  p a r a l l e l  Ampere's law rewritten by us ing  the  appropr ia te  moment o f  the  

equat ion f o r  . The misnomer f o r  Eq. (16) a r i s e s  because Eq. (14) i s  normal ly  
j 

r e f e r r e d  t o  as the  para l  l e l  Ampere's law; however, i t  i s  e a s i l y  seen t o  be a  

l i n e a r  combination o f  q u a s i - n e u t r a l i t y  and the  two components o f  Ampere's law. 

As a  r e s u l t ,  Eq. (14) i s  bes t  viewed as a  more convenient form o f  q u a s i - n e u t r a l i t y  

than Eq. (71 ,  s ince Eqs. (8 )  and (16) a re  r e a l l y  t he  pa ra l  l e l  and perpendicular  

components o f  Ampere's 1  aw, respec t i ve l y .  



111. . BI-MAXWELLIAN MODEL 

We assume t h a t  t h e  e q u i l i b r i u m  d i s t r i b u t i o n  func t i ons  f o r  t h e  ions  ( j  = i )  

and t h e  co re  e l e c t r o n s  ( j  = e )  a re  i s o t r o p i c  Maxwell ians, w h i l e  t h a t  o f  t h e  

h o t  e l e c t r o n s .  ( j  = h )  i s  a  b i -Maxwel l ian.  We there fo re  take  

where v,,  and v, a re  t h e  p a r a l l e l  and perpend icu la r  . . v e l o c i t y  components a t  

t h e  n idp lane  o f  a  m i r r o r  c e l l  . For t h e  i o r ~ s  and background e lec t rons  

- - 
aij ' 

- aIlj = 2T./M. ( j =  i ,e); w h i l e  f o r  t h e  ho t  e lec t rons  = 2T,/m 
J J  

2 and a ,, = 2T,,/m , w i t h  T, and TI, t h e  perpend icu la r  and para1 1  e l  temperatures. 

I n  o r d e r  t o  o b t a i n  a  t r a c t a b l e  system o f  equat ions f rom Eqs. (2 ) ,  ( 3 ) ,  

(8) ,  (14) ,  and (16) we cons ider  t he  f l u t e  l i m i t  I ~ * v I  w .., - kll + 0 . I n  t h i s  

1  i m i t  Eq. '(16) i s  n o t  r e q u i r e d  s ince  t h e  ba l l oon ing  ill term i n  Eq. (14) may 

he neglected.  I n  a d d i t i o n ,  o n l y  moments o t  h even i n  v,, er1,tt.r. ill E q b .  (8)  
j 

and (16) so t h a t  o n l y  t h e  lowest  o rde r  s o l u t i o n  of  Eq. ( 3 )  i s  requ i red ,  namely, 

Def i r i ing 

2 
' = (a ,  ./~:~.)k~xn^-~!?,n~ w*j -J J . . ,  j ' 

and t h e  i n t e g r a l s  

j l j j  



Eqs. (8 )  and (14) may be w r i t t e n .  as 

and 

- 1 
D 9 = D 2 k ~ [ B ~ ~ ( P A , j / ' j ) l  ' 9 3 

a 

w i t h  

- 
E B - ~ ( E ~ ~  + E-VB) - - . 

.The D :Is o f  Eqs. (20) and (21) are def ined as fo l l ows :  
J 

2 
Dl : w - u(up + ub - wK) + (uiull/b) + ubug - w w 

K q 

- 4(w2,/b$) x ( I l j  - b , j ~ 6 j ) ~ ~ t j ~ ; 1  

+ 2(ulb/bii){~wb - oK[l + Z ~ , ~ b ~ ( l  - - ( I L ) ~ R ~ ~ ~ ~ ~ ~ ~ ~ ] )  ( 2 2 )  

w i t h  

and 

2 
61 = Z B l j  ' 1 8nplj/B . 



Equations (20)  and (21) may t h e n  be combined t o  o b t a i n  the  l o c a l  d ispers ion  

r e l a t i o n  f o r  in terchange and compressional A l fv6n modes: 

I n  a weakly inhomogeneous plasma i n  the  absence o f  the  h o t  e l e c t r o n  r i n g  

and f i n i t e  i o n  g y r a t i o n  rad ius  co r rec t i ons  D2 : 0 and Eq. (25) y i e l d s  the  

branches PI = 0 ( in te rchanqe)  and D3 = 0, which g ives r i s e  t o  the  compressional 

Alfven mode fo r  i s o t r o p i c  pressure plasmas. I f  the  c o n t r i b u t i o n  of nunadiabat ic  

per tu rbed pressures t o  D3 a re  ignored ( I  + 0 )  , then the  so-ca l led  " m i r r o r  
3 j  

i n s t a b i l i t y v 5  i s  poss ib le  when 1 - PfiLj(Aj - 1) < 0 . I n  the  nex t  sec t ion ,  

t h e  e f fec ts  of t h e  r i n g  and inhomogeneity a re  sys temat i ca l l y  inves t iga ted .  

I V , LOCAL ' STAB.1 L  I'TY ANALYSIS 

I n  t h e  l i m i t  when background ions  and c l c c t r o n s  are  much co lder  than the  

h o t  e lec t rons ,  we can assume I w l  << Iwki 1 . 10*,1 , lwdi 1 . ladel w i t h  

= ( a : j / 2 ~ . ) k l x h ' = ~ l n ~  J -  - -  . We a l so  assume t h a t  t he  f i n i t e  gyroradius terms 
j 

may be ignored compared w i t h  the  h o t  e l e c t r o n  gyroradius terms. The i n t e y r a l s  

i n  D  fo r  t h e  core  ions  and e lec t rons  can be s i m p l i f i e d  t o  

1  , lgj % 2 , 14j 1 and Igj 6 . 

Another simp1 i f i c a t i o n  u s u a l l y  adopted i s  t he  l o n g - t h i n  approximation, whlch 

means w 
~j << W b j  . Therefore I and I do n o t  appear i n  t h e  d i spe rs ion .  

l j  6 j 

r e l a t i o n .  Consequently, we d e f i n e  the  small parameter E = wKi/wbi and assume 

1 ~ 1  << 1. 



To eva lua te  I g h  , 14h . and TSh . we f i r s t  no te  t h a t  

2 '  - T '  - 
u*h - u*h - (vLh/aLh) ( 1  -, A)wbh 3 

where t h e  wbh term i s  ob ta ined by keeping E,p cons tan t  i n  t h e  s p a t i a l  g rad ien t  

of Fh . and A = Ah . I n  t h e  1  i m i t  (w l  << 11w,~l . lwbhl . . we have 

and 

The i n t e g r a l  Igh has t o  be evaluated t o  h ighe r  o r d e r  i n  E and w/wbh 

because t h e  lowest  o rde r  terms cancel i n  D3 due t o  t h e  e q u i l i b r i u m  perpend icu la r  

pressure balance. Eva lua t i ng  Igh t o  h ighe r  o rde r  y i e l d s  

U s l n g  t h e  preceding approx imat ions ,D1.  D p Y  and D3 can be r e w r i t t e n  as 

Dp = W 
3  { - c - 3c + bh + - ~ b  [I - filh(A - 01) 

b i  €1 4A h (26) 

and 



-1 . . where E~ = (1 + A )E , BC = 'B i  + Be , 2 
Coy = W ./(A)* and . C = (W/k,VA) . 

KI i 

I t  i s  i n t e r e s t i ng  t o  note t h a t ,  i n  D3 of Eq. (26) ,  the  mirror i n s t a b i l i t y  

dr iving term, b L h ( l  - 3bh/2) (1 - A )  , i s  cancelled by s imilar  terms in Igh  

and I S h .  As a r e s u l t ,  t he .ho t  e lect ron pressure anisotropy cannot drive 

the  mirror i n s t a b i l i t y  i n  the  high phase velocity l imit . .  

Ignoring the  products of small parameters in Eq. (26) and normalizing 

u by k,vA , we obtain the local  dispersion re la t ion  

where 

q = k l V A ( l  + 8,.,/2)/wb~ , 
and 

I 

E2 = El + bh 
- .  

 quat ti on (i7) redutes t o  Eq. (28) of Ref. 1 i f  A - 1 .   heref fore an 

ana ly t i c  technique s imi la r  t o  t h a t  used in Kef .  1 can be dppl i d  ' to Cq. (27) .  
7 The generalization of the  Nelson-Van Dam-Lee (NVL) s t a b i l i t y  'boundary can be 

estimated from the  condit ion:  

which gives 



i f  E~ < 0  . From Eg. (28), we conclude t h a t  t he  NVL s t a b i l i t y  boundary i s  

lowered by the  an iso t ropy  and the  h o t  e l e c t r o n  gy ro rad ius .e f fec ts .  From the  

expression o f  d 3 ,  i t  i s  a l so  easy t o  conclude t h a t  an iso t ropy  s l i g h t l y  

improves the  s t a b i l  i ty  o f  t he  curva ture  d r i v e n  compressional ~l fv6n mode 

because o f  t he  mu1 t i p 1  i e r  1 + A-' i n  f r o n t  o f  the  curva ture  term E . I n  

a d d i t i o n  t o  NVL and the  compressional A l fven s t a b i l i t y  boundaries, t he re  

i s  a  new s t a b l e  reg ion  prov ided by the  h o t  e l e c t r o n  gyroradius e f f e c t  as 

po in ted  ou t  i n  Ref. 1. This s t a b l e  region,  given by c2 > 0 ,  becomes 8 

The a n a l y t i c  est imate given above i s  conf irmed by a  numerical s o l u t i o n  

o f  Eq. (27), which i s  a  q u a r t i c  equat ion i n  z .  By f i x i n g  the  f o l l o w i n g  se t  

of parameters: r = 10 cm, S = Nh/Ni = 0.1, E, = 0.05, Ln = l a !? ,n~ /a r l "  = 2  cm, 

and ph = 0.3 cm, we are  ab le  t o  so lve  Eq. (27) and map ou t  t he  s t a b i l i t y  reg ion  

i n  Bc,BLh space f o r  d i f f e r e n t  values o f  p o l o i d a l  mode number m , and an iso t ropy  

A .  I n  Figures ( I ) ,  t he  s t a b i l i t y  boundaries fo r  m = 5, 10, and 20 a re  

represented by dot ted,  s o l i d  and broken l i n e s ,  respec t i ve l y .  F igure  ( l a )  shows 

the  s t a b i l i t y  boundaries f o r  A = 2  , w h i l e  F ig .  ( l b )  shows those f o r  A , =  1 . 
When m = 5  , we observe t h a t  k  = m r ) L n  - 1 and, s t r i c t l y  speaking, the 

e i  konal ansatz i s  n o t  app l icab le .  Therefore t h e  s t a b i l i t y  reg ion  f o r  111 = 5  

shown i n  F igs.  1 i s  n o t  t o  be taken t o o  se r ious l y .  Nonetheless, i t  shows the  

s t a b l e  reg ion  i s  s h r i n k i n g  f o r  low m y  which agrees w i t h  prev ious work.4 The 

behavior o f  t he  NVL s t a b i l i t y  boundaries i n  F igs .  ( 1 )  w i t h  respect  t o  m ( f o r  

m  L 10) and A agrees w i t h  the  p r e d i c t i o n  o f  Eq. (28) .  The compressional A l fven 

s t a b i l i t y  boundartes a l s o  behave as expected. The new s t a b l e  reg ion  f o r  

BLh 2 0.5 and m = 20 i s  rough ly  t h e  same as p red i c ted  by Eq. (29) .  



V .  CONCLUSION 

The e f f e c t  o f  an a n i s o t r o p i c  h o t  e l e c t r o n  pressure i n  an e l e c t r o n - r i n g  

plasma i s  c a r e f u l l y  r e t a i n e d  i n  the, g y r o k i n e t i c  d e r i v a t i o n  o f  t he  ba l loon ing-  

interchange/compressional~Alfv~n eigenmode equation. We assume an e q u i l i b r i u m  

b i -Maxwel l ian  d i s t r i b u t i o n  f u n c t i o n  f o r  t he  ho t  e lec t rons .  I n  t h i s ' s e t  o f  

eigen-equations, terms t h a t  d r i v e  the  f l u i d  f i re -hose,  and m i r r o r  i n s t a b i l i t i e s  

a r e  r e a d i l y  i d e n t i f i a b l e .  The f i r e -hose  i n s t a b i l i t y  i s  u n i n t e r e s t i n g  because 

we al'ways have p,. > p,, f o r  t he  h o t  e lec t rons  and a1 so because the  per turbed 
* 

para1 l e l  vec tor  p o t e n t i a l ,  A,, , decouples from i and , i n  t he  f l u t e  1  i m i t .  

I n  a d d i t i o n ,  t he  f l u i d  d r i v i n g  terms f o r  t h e  m i r r o r  i n s t a b i l i t y  cancel w i t h  the  

a n i s o t r o p i c  c o n t r i b u t i o n  t o  t h e  ho t  e l e c t r o n  c o m p r e s s i b i l i t y  i n  the  w ide l y  

assumed h i g h  phase v e l o c i t y  (w - u >> k I l h )  1  m i  t. Therefore, the  m i r r o r  dh 

i n s t a b i l i t y  does n o t  e x i s t  i n  t h i s  l i m i t  and o n l y  t he  curva ture  d r i ven  com- 

>press iona l  A1 fv6n and in terchange modes are possf b l  e. 

The l o c a l  d i spe rs ion  r e l a t i o n  f o r  the  interchange/compressional A1 fven 

modes i s  obta ined expl i c i t l y  i n c l u d i n g  t h e  e f f e c t  o f  a n i s o t r o p i c  h o t  e l e c t r o n  

pressure and f i n i t e  h o t  e l e c t r o n  gyroradius.  A l l  species are  assumed t o  ,be i n  

t h e  h igh  phase v e l o c i t y  regime. \de cariclude fr.u~n. t t ,~ , is  d i spe rs ion  r e l a t i o n  t h a t ;  

. ( i )  t h e  Nelson-Van Dam-Lee s t a b i l i t y  boundary i s  degraded i n  t h e  presence of  

a n i s o t r o p i c  ho t  e l e c t r o n  pressure and the  f i n i t e ,  h o t  e l e c t r o n  gyrorad i  us 

e f f e c t ;  ( i  i ) the  stabi.1 i t y  o f  the  curva ture  d r i v e n  compressional A1 fven mode 
* 

i s  improved by the  an iso t ropy ,  and ( i i i )  the  f i n i t e  h o t  e l e c t r o n  gyroradius + 

e f f e c t  opens up a  new s t a b l e  reg ion  i n  h igh  BLh f o r  h igh .  p o l o i d a l  mode number. 

However, f o r  low p o l o i d a l  mode number, t h e  s t a b l e  reg ion  shr inks  and the  

e ikona l  ansatz employed i n  our  s tudy i s  no longer  v a l i d .  
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Fig. I P l o t ' o f  marginal s t a b i l i t y  boundaries f o r  m = 5 (do t t ed ) ,  

m = 10 (sol  i d ) ,  and m = 20 (broken) 1 ines .  Other parameters 
a r e  r = 10 cm, 6 = 0.1,  E, = 0.05, L n  = 2 cm, and p,, = 0.3 cm. 




