SOVIET PHYSICS JETP

VOLUME 12,

NUMBER 2 FEBRUARY, 1961

BUILD UP OF ION ACOUSTIC VIBRATIONS IN AN ANISOTROPIC PLASMA

A. V. TIMOFEEV
Submitted to JETP editor March 5, 1960

J. Exptl. Theoret. Phys. (U.S.S.R.) 39, 397 - 399 (August, 1960)

The vibrations of an anisotropic plasma located in a magnetic field are investigated for

small values of g = 87n T1/H%.
in this case.

USUALLY in the investigation of the stability of
plasma, it is assumed that the mean Larmor radius
of the ions r is small in comparison with the char-
acteristic dimensions of the problem, for example
the wavelength A, inasmuch as this materially sim-
plifies the problem. The stability of an anisotropic
plasma has been investigated by us for A ~ r and
A < r. It is assumed that the ions have a Maxwel-
lian distribution with different temperatures across
and along the magnetic field. This is one of the
simplest cases of a non-equilibrium distribution.

The effect of the temperature anisotropy on the
build up of transverse vibrations in a homogeneous
plasma under the assumption r/A — 0 was inves-
tigated by Vedenov and Sagdeev! and by Sagdeev and
Shafranov.? They have shown that the plasma be-
comes more stable under a decrease in pressure.
In fact, if the plasma pressure is much less than the
pressure of the magnetic field, i.e., 8 = 87n T /H?
<« 1, then the thermal velocity of the ions v is
much smaller than the Alfven velocity vp and
consequently only a small fraction of the particles
have velocities on the order of the phase velocity of
the wave. But the vibrations can set into motion
only particles which resonate with the wave, since
only these particles effectively exchange their en-
ergy with it. Therefore, for g = vh/vh < 1, the
plasma will be practically stable.

The problem as to whether this is maintained for
much smaller wavelengths, with A <r, is of interest.

The dispersion equation for the frequency of

the vibrations of a homogeneous plasma® contains
components of the dielectric-constant tensor, ob-
tained by Shafranov and Sagdeev2 for an anisotropic
plasma in the form of infinite sums. In the investi-
gation of transverse vibrations it was assumed for
simplicity that the electrons were cold, Te = 0, the
wavelength was much smaller than the mean Larmor
radius of the ions, kr > 1 (k is the wave number),
and the direction of propagation of the wave was
perpendicular to the magnetic field, kr cos 6 <« 1.
Under these assumptions, the expressions for the

It is found that the ion acoustic waves may be unstable

components of the tensor can be summed. Investi-
gation shows that for small values of S the vibra-
tions are stable. Thus, for r/A > 1, just as for
r/A « 1, decrease of B has a stabilizing influence
on the transverse vibrations.

Therefore, if B « 1, great interest attaches to
the longitudinal vibrations. Harris* discovered
instability of the plasma in relation to the Langmuir
electron oscillations for certain simple types of
non equilibrium distributions. We consider ion
acoustic vibrations, which are also longitudinal.

In a plasma with Tg > Tj, the phase velocity of
these vibrations is determined by the temperature
of the electrons; therefore, a change in g8 cannot
have a substantial effect on their development.
Consequently, it is natural to assume that just the
oscillations may be unstable for small g.

The dispersion equation for the ion sound re-
duces to the equation
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is the contribution of the ions to the dispersion
equation. Here we have introduced the notation

a=0/Q, b=T /MO d=Tk}2MQ,
go = 4netn/MQ?, Q=eH/Mc, X=T./Ty,
Z,=(a—n)2V4,
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On the boundary of the region of instability,
Im a=0,
Im A; —Z" 2d Z [(a—n)X«n]e ”1 by e~?.

For T| = T), when the vibrations are damped,
Im A; > 0. Thus the instability is possible in those
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regions of the values of the parameters a, b, d,
and X where Im A; <0.

It follows from the expression for the imaginary
part that the zero term always gives a positive con-
tribution (Landau damping). The build up of the
vibrations is brought about by the remaining terms.
It is not difficult to see that Im A; can be negative
only when X>1 and n+ 1 >a >n + % (it is taken
into account here that the contributions of the n-th
and (n +1)-th exponents are the largest). The most
dangerous in the sense of instability is the region
1 >a > Y%, which is therefore investigated in the
present work.

The contribution of the electrons can be written
down similarly. However, since m «< M, it reduces
to

A= XZ {p+ iV mpdmM}, p=Ty/Ty..

It is found that in order to find the characteristic
part of the instability region (u, X ~ 1) it is neces-
sary to consider the values b, d ~ 1. The equation
is simplified here because only the zeroth and first
terms need be considered, since I, and Y, decrease
with increasing n. Subsequent checking shows that
such an approximation is correct. Thus, on the
boundary of the instability, Im a = 0, we have
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In the present research we attempted to compute
the maximum values of u(X~!) (in Zg, Zy, b)
satisfying the system. The region of instability is
shown in the drawing (shaded). The maximum value
of p for which instability is possible is umgx = 0.2,
while the minimum occurs at Xy © 2. Close to
u = 0, the role of the electrons increases, since the
contribution of the ions to the imaginary part is de-
creased.

It is not difficult to see that the build up of ion
acoustic vibrations in an anisotropic nonisothermal
plasma comes about as a result of cyclotron reso-
nance. Such resonance is most effective when the
wavelength A is of the order r, and vanishes as
r/A — 0. Here the vibration frequency is of the
order of the cyclotron frequency of the ions.
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We have thus shown that an anisotropic, noniso-
thermal plasma, u, X =1, is unstable under ion
sound vibrations, while, in contrast to the insta-
bility for the Alfven branch, these vibrations are
also sent into motion for.

B= Pplasma/ Pmag. field << 1.

Consequently, the ion acoustic vibrations can be set
in motion even in the case of relatively large mag-
netic fields. It should be noted that in the charac-
teristic parts of the instability region the incre-
ment can be large, reaching values of the order of
the cyclotron frequency; therefore, the ion acoustic
vibrations develop first.

In conclusion, I express my deep gratitude to B.
B. Kadomtsev for help and guidance.

1A. A. Vedenov and R. Z. Sagdeev, ®u3uka niasmol
¥ npobaeMa ynpaBiseMblX TepMosaiepHux peakuuiit  Col-
lection: Physics of Plasma and the Problem of Con-
trolled Thermonuclear Reactions), vol. 3. Academy
of Sciences Press, (1958), page 278.

2R. Z. Sagdeev and V. D. Shafranov, JETP 39,
181 (1960), Soviet Phys. JETP 12, 000 (1961).

3B. A. Trubnikov, loc. cit. ref. 1, page 104.

4E. G. Harris, Phys. Rev. Lett. 2, 34 (1959).

Translated by R. T. Beyer
79



