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Abstract: The exac t d i spersion relation for a plasma with density 

profiles n(x} exp (-8X) in a homogeneous magnetic fi e ld B- l z Bo 

AND 

1s derived . As example, we c onSider t h e l ow-frequency drift instabi li t .. 

The problem f o the linear stability of a Vlasov plasma whose equl_ 

l1b1'ium distribution fUnction depends on space coordinate s l eads 

to an Integro- differential equation for the Laplace transform of the 

electric potential f In general , considering only wavelengths 

much larger than the mean Larmor radius R. Then, in the further 

limit where the wavelengths are smaller than the inhomogeneity 

length , one applies the WKB method. The most severe of these two 

limitations is, of course , the first one . 

In this paper we shall consider exponential den Sity prof iles n(x ) ':"" 

exp ( - ax). The results have a physical meaning for pro files with 

n' In ....... _a over a length L if the considered wavelengths ).K in the 

x-direction satisfy ~I':< t. . 

Since the denSity is a mono tonic function of x with -nyn. .. ete , 

the electrostatic waves cannot go back and forth in a finite 

region. Then it can be el':pected that in the dispersion relation 

the pal(t of the density profile with n-+"" will play an important 

role . In other words, the dispersion relation can be expected to 

be very similar to that obtained in the approximation of quasi-

neutrality . We will Show that the exact dispersion relation is in 

fact the same as in the quaSi-neutral i ty case. It follows that the 

proposed profile can always be used to get a dispersion relation 

valid also for jk)';R/» I , if the approximation of quasi-neutrality 

is reasonable . 

Let us consider a plasma inhomogeneous in the X-direction , in a 
~, 

magnetic field &-izBo with Bo. const. We treat the following 

case of equilibrium distribution functions : 

f.j < 3i (,,: ,,,,') "'1 [- ~ (x-. ",iIwoi) L U -"~ ; w, •• '1' S'/"i) 
where limg(v t , v, ' ) exp(/'j) _ 0 for any positive constant' :. 

Vi ....... "" I1 
We shall consider electrostatic perturbations , although the 

treatment could be extended to electromagnet.ic ones. I f the 

initial psturbation decreases faster than e - .... \.x.1 for ~I~ O(I) the 

same will be true 

times t . Then 

for the solution f (electric potential ) 

J ~(I(:>:.+~o..)x. ) 
dx. ~ 1(;l.) =- ~(i(.x.+'~a. 

at all 

and the integral equation ror ~ beco.1les 

(K: T Kt+ I(~) 1( Kll.) = G (w, I(ll.) + c..(w, k.1-tl<L) ~ (I()<.+~O.) 
where a contains the initial conditions and 

ti'i.e"J 1-00 
-iwtJ. i.1.(i"'-R) _II.V"~/w~(-!o - ~ V c,(w,Kx..)=..:L --:-J d,11T d.lle. ~ Co I('Vv~i- III .~i 

1i.1" fIIIa " L} 
It can be Shown that ~{ltzJ ha" poles in the complex kx-plane at 

\(x.. =_ K,,(w)+ihG.. (n.::'O,1,..!j._)where ko is a solution of 

with Im(k) > 0 

c.(W)K)l ik~,!(}) = o 
wherWiles in Its convergence half-plane. which i" 

the same a" in the"qua"i-neutral" approximat i on . The above con-

ditton is necessary and sufriclent ror the singularities . 

As an example we g ive here the "tabllity condition ror the 

low-frequency drift instability f or an i"otroplc MaxweU distri-
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butt on g (and 1 1- Tr.} ' ln t he range '\T~th'::; 17 I ({ V.e t~ 
rl 1ft-

wlch is the most unstable , and in t he li mit t <. KJ.. 'R~ (, (rfI " / rr. ~) 

whe re the local approximati on i s expected not t o be valid, one 

g e t s the foll owi ng r p.sul ts : 

or : 

with the re" t rlc t lon 

One sees clearly the stabilizing errect of k 1-

In the limit IK.L~.I (1, one obtains the known results (exept 

r o r corrections o f the order of r"(IC.d ) or the loca l approxi_ 

mation . 
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