quadratically, as should be the case on the basis of the two-band theory (8,9].

The decrease of resistance in strong fields when H is parallel to the binary and bi-
sector axes is apparently the result of the rearrangement of the energy spectrum and the
appearance when H > 320 kOe of a new "three-ellipsoid” hole equal-energy surface, which great-
ly increases its electric conductivity.

For more data on this question, measurements in stronger fields are necessary.

We take this opportunity to thank M. Ya. Azbel' for a discussion of the results and
valuasble remarks, A. I. Shal'nikov for interest in the work, N. L. Shofman, T. V. Gorskaya,
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1. Several possible ways of stopping microscopic instabilities of a plasma were in-
dicated earlier [1,2]. One of these methods is to modulate the beams of charged particles
with external high-frequency fields. Theoretical and experimental research {3,4] nas con-
firmed the efficacy of such a method for stabilization of two-stream instability. Stabiliza-
tion of two-stream instability by means of a high-frequency electric field was considered by
Aliev and Silin [5].

In this note we investigate the possibility of stabilizing drift instability of an in-

homogeneous plasma by superimposing an external high-frequency electric field
Eo(t) = &, cosat,

parallel to the magnetic field. High-frequency stabilization of hydrodynamic instabilities

of a plasma were considered earlier [6].
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2. Let us see how the frequency of the drift waves is altered by the electron oscilla-
tions in a high-frequency electric field. We seek the dependence of all the quantities in the

drift wave on r and t, in the quasiclassical approximation, in the form

exp[l(kadx + kyy +kz - wt)].

We substitute in the equation of motion of the electrons along HO the perturbed electron

velocity and density in the form

Ve =V, exp(-ia cosot),

= n, exp(-ia cosqt) (a = [kZeGO]/[meQZ])

and average over the high-frequency oscillations; we then obtain for w << kz./’l‘7m.e

(E exp(ia cosQt) = -ik —— (n Y. (1)

zeno

We represent the electric field E, in the form E = (Ez) + Eil), where Egl) is the high-

(1)

frequency part of the field. Determining E from the Poisson equation, we obtain for a << 1

the following relation for (E, e

ik, 2ne noa2
(E,)) = - -jig T+ ——z— J(n,)- (2)
The averaged continuity equation for the ions is written when w >> kz’/T7mi in the form

-iw (ng) + (e/Hy) (E,) (dn,/ax) = 0. (3)

Substituting (EZ) from (2) in (3) and using the quasineutrality condition for the averaged

densities, (ni) E (ne), which is valid when a << 1, we obtain

T
w= - k(1 +B), (%)
Y %y
wnere L (B (me
- - a2 2_1
<= dlnng/ax, B=a%/2K%G =5 | gz |\ g
(u = /m Q is the amplitude of the electron velocity in the external field). 1In deriving

(2) we have neglected terms of the type a((n(l) (l)) cos0t) (the index "1" denotes the
high-frequency part of the density) compared with az(ne). For this to hold true when ) << er
it is necessary that the frequency 0 be high compared with the characteristic frequencies of

the Langmuir plasma oscillations with "magnetized" electrons:

1(2 1 U.)Z k Lf-ﬂeg e
Zz 5> \5 Oe CO no . Hb _
> (a%e =27 01)2’ Wpe Eg (mba - m, 2 Cpg = m C ? = e, i).

The presence of the high-frequency field leads, according to (2) and (4) to an increase
of the electric field in the drift wave (E) and its frequency w. With increasing w the
stabilizing term of the form
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me(l) e
>z - S0
4 2z

w|e

of,
5
z

increases in the expression for the growth increment y of the drift wave. In order to deter-
mine the width of the interval of the values of the parameter £ = 4 1n T/d 1n mn, in which
high-frequency stabilization takes place, let us estimate the work performed by the drift wave

on the resonant electrons (see [7]):

> ik aes
-MHMWhﬁﬁnﬁﬁiﬁl-w
Z z m, k Ik, 2 Pe OX W= w .
s/ T/2m_ __‘l‘ge Sl 1 ?
(E_) (E_ exp(ia cosit)) = +./T/2m Féf_T (B + 3&) (E2),
“ z ’ € wﬁe z kz § z

where we put
fb = no(x) m,, 2nT(x) exp ( mew2/2f(x), W= vz +u, sin t.

The high-frequency field leads thus to stabilization of the drift instability in the interval
-28 < £ < 0.

3. We present also the solution of the dispersion equation for a collisionless "drift"
instability in a plasma situated in a high-frequency field in the case when kz T m, << W
<< J/T/m, and the Larmor radius of the ions is finite, p, = (kl/wHi)”A§T75; ~ 1. The disper-
sion equation was obtained by the method used by Aliev and Silin [5]. In this case w and ¥

are given by

w =X

T
y MmOy

a1+ 8) g ()

k2k2
7 =S m)e L é; s - &aé%)lg_ o (L - &) + B2 - 2n)

4

(7N
-3e[2 - A(L+8) +B(1L-A+5A)]).

We have used here the notation

A(py) = exp(-03/2)1(03/2), & = p5[1 - Ta2(p3/2)15H(05/2) -

As a » 0 formulas (6) and (7) go over into the results of Galeev et al. [7]. The influence
of the high-frequency oscillations becomes noticeable when a > kxo, i.e., when Uy >> N/E7ﬁ;
in the case considered in the present note, for which Q >> abekz/k. It follows from (7) that
the width of the interval in which high-frequency stabilization takes place is maximal when
Di -+ 0. With increasing pi this width decreases and tends to zero as pi <+ w, It must be
noted, however, that when oy~ 1 and B is sufficiently large, the oscillation growth increment
determined by (7) decreases noticeably (y ~ 1/8%).

k., A high-frequency electric field can also stabilize drift instability of a plasma

with frequent collisions (drift-dissipative instability [8,9]), but this calls for larger field
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amplitudes than in the case of a "collisionless" drift instability. The dispersion equation

for the drift-dissipative instability in the presence of a high frequency field is

g
s 0i 2 . - I 22 2
of + w[yms -B ——; kyﬁxo] + i o Bagi §§ KNS = 0, (8)

where

af |
0y = (/) (0 oy /) (1 + B 722 1),

v is the electron-ion collision frequency, and

- a%i K22 -t
o = y s K(l+6)(l+a‘-‘§—i f‘o) .
As a > O Eq. (8) goes over into the result of Galeev et al. [8] It follows from this equation
that for high-frequency stabilization of drift-dissipative instability it is sufficient to use
field amplitudes for which wﬁi << a << 1.

The authors are grateful to B. B. Kadomtsev and A. B. Mikhailovskii for a discussion of

the results and to V. I. Shevchenko for help with the work.

[1] Ya. B. Fainberg, Atomnaya energiya 11, 313 (1961).

[2] Ya. B. Fainberg and V. I. Shevchenko, Trans. Intl. Conf. on Accelerators (Dubna, 1963),
Atomizdat, 1964, p. 1023.

(31 Ya. B. Fainberg and V. D. Shapiro, Atomnaya energiya 19, 336 (1965).

[4] A. K. Berezin et al., ibid. 18, 315 (1965); E. A. Kornikov, Ya. B. Fainberg et al. JETP
Letters 3, 354 (1966), transl. p. 229.

[5] Yu. M. Aliev and V. P. Silin, JETP 48, 901 (1965), Soviet Phys. JETP 21, 601 (1965).

[6]1 8. M. Osovets, JETP 39, 311 (1960), Soviet Phys. JETP 12, 221 (1961).

[7] A. A. Galeev, V. N. Oraevskii, and R. Z. Sagdeev, JETP Lk, 903 (1963), Soviet FPhys.
JETP 17, 615 (1963).

[8] A. A. Galeev, S. S. Moiseev, and R. Z. Sagdeev, Atomnaya energiya 16, 451 (1963).

[9] B. B. Kadomtsev, in: Voprosy teorii plazmy (Problems of Plasma Theory) No. 4, p. 188,
Atomizdat, 1964,

1)

In a dense plasma (abe > wHe) it is necessary to make substitution g - Ng, where

N=1+ wge/wie, and the condition for the frequency  then takes the form
ki 1 a%ekyn
1 3 1
8> Mg 2 o) Mg ©
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