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1. Let an inhomogeneous collisionless plasma with pressure p, > BZ/8m
be in a homogeneous magnetic field By, 0B,/0x = 0. (The condition
0B,/0x = 0 is satisfied if Op,/0x = 0.) Consider plasma perturbations
with frequency w < (k,vp,,wp,;) and transverse wavelength A > p; (vp,
is the electron thermal velocity, p;, and wp, are the Larmor radius and
cyclotron frequency of the ions, and k, is the longitudinal wave number).
As follows from work (1), in the limit of high pressures 8 = 87p, /B2 — oo,
such perturbations are described by the local dispersion equation

o)+ Mo (B0Y o) - @} =0

Here the notation of work (1) is used:

v =w/lkfvr, oy = (2T/my)'?,

W= {1 + (2i//7) /OL etht} . L=1—(wp/w)d/0InT,

wyp =k, (0T /0z) /mwp;;
T is the plasma temperature.

For z > 1, (1) yields a quadratic equation for w, so that

w="fwr(l+i/V2). (2)

It is seen that, with respect to such perturbations, the plasma is unstable. The
instability also occurs for z <« 1, and in this case
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Rew = wy/2, (3)

2
T—2 wp

= : (4)

4ym |k |og;

2. If the plasma is described by a system of two-fluid hydrodynamic equations
with adiabatic index 7, (?), then instead of (2) one obtains

y=Imw=

’Yoii\/’TO' (5)

TR,

For 7, = 2 this coincides with (2), obtained in the approximation of a colli-
sionless plasma. If the frequency of ion-ion collisions exceeds the oscillation
frequency, then 7, = 5/2, and then

w =g wr(l £iv/3/5). (6)
Thus, a collisional plasma with 5 > 1 and Vp, = 0, like a collisionless one, is
unstable.

3. Let us estimate what consequences the instability considered above may
lead to. From the pressure-balance equation

—% <p+§§) =0 (7

it follows that the perturbed magnetic field B/, will become of the order of the
equilibrium field B, when the perturbed pressure p’ is such that

P'/po =1/ < 1. (®)

If it is assumed that at large p’ the instability is suppressed, then, using the
continuity and motion equations and Ohm’ s law, one can obtain an estimate
for the plasma relaxation time

T~ 4roa®/c?, (9)

where o is the conductivity, a = (91nT/0x)~ . The quantity 7 turns out to be,
in order of magnitude, equal to the diffusion time of the magnetic field into the
plasma (3).

Thus, one may suppose that if no instabilities other than those considered here
develop, then over a time of the order of several inverse increments, a small
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pressure gradient, 0Inp/dz ~ 1/af3, must arise in a plasma with Vp, = 0, and
then, over a time of the order of 7, plasma decay will occur.

I express my deep gratitude to Academician G. I. Budker, L. V. Mikhailovskaya,
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