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(Presented by Academician 1. E. Tamm, January 7, 1966)

The influence of collisions of charged particles on the drift instability of plasma
was studied in (17®) with the aid of a model collision integral (?). Unfortunately,
such a collision integral does not make it possible to investigate effects connected
with the nonuniformity of the plasma temperature and in a number of cases leads
to an incorrect result (11714).

Below we use the Landau collision integral (1°). Restricting ourselves to the
case of a low-pressure plasma, we shall consider only instability with respect
to the excitation of potential oscillations. In addition, we assume the effective
collision frequencies of the particles to be small in comparison with the Lar-
mor frequencies. We carry out the analysis of the oscillation spectra in the
geometrical-optics approximation (1%).

Potential oscillations are impossible under the conditions |w + iv,| < k vp,,
|w+iv;| < k,vp;, where w is the frequency of the oscillations; k, is the projection
of the wave vector k on the direction of the magnetic field; v;, and vy, are the
thermal velocities of electrons and ions; v, and v; are the collision frequencies.
Therefore below we assume that |w + iv;| > k,vp;, and neglect the Larmor
radius of the electrons.

Potential oscillations of an inhomogeneous plasma are described by the eikonal
equation (1)

e=1+de,+ e, =0, (1)

where de; and de, are the contributions due to ions and electrons, respectively.
In the frequency range w > v;; |w —n&;| > v;, kv,
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Here wy, is the Langmuir frequency, and €2 is the Larmor frequency of the par-
ticles; k, is the projection of the wave vector transverse to the magnetic field;
A, (z) = e "I, (x); dg;; is the dissipative part associated with ion-ion collisions.
In the limit k| vy, < Q; we have

k2 w27 0 wQ., Oz
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where v;; = %ﬁM eNL/ TZ.B/ 2; L is the Coulomb logarithm. In deriving for-
mula (3) it was assumed that w <« .. In the limit when k vy > Q. (but
w, w—nY; > k30, /OQ2), we have

5

_, w2, kLUTi?’(ﬂ——’_l)Z VW 1fkyv%i (81nN737T+281nTZ-)
TR, Q8T (w—ng,;)? w Y, Oz 4t +4 Ox

(4)
If, however, w, w—nQ; < v;k2v3, /2 then (Cy ~ 0.914, C; ~ 0.225),

w2 w3 2 k,v3; /0ln N OlnT,
§e. = —Li )y, T 2 1 ST ( _ 7,) .
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Below we shall give solutions of the eikonal equation in the form of local oscil-
lation spectra (17).

In the frequency region |w+iv,| < k,vp, < Q,, dc, may be written in the form

w? T w k,v%, O N
de, = —Le 14dy/= — |1 — L =21 . 6
ce k%?pe{ +Z\/;|ksze ( wQ, Oz " V. ©

Let w « ;. In the long-wavelength limit, when k vy, < Q,, such oscillations
can be unstable only under the condition wy, ~ (k,v7./Q)(1/Ly) > k_v,, where

vy = +/1,/M is the sound velocity. Then (w — w + iy, 7 K w)
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Here rp is the Debye radius of the particles. The second branch of oscillations
is possible only in a plasma in which 7, > T;. It is seen that ion collisions
exert a stabilizing influence on this branch of oscillations, whereas the Cerenkov
effect on the electrons can lead to instability, provided that dIn7T,/0In N > 2
(see (1)). For formula (7), electron dissipation at dInT,/dIn N > 2(k*r%_ +
k2 v?/Q7) stabilizes the oscillations, while ion-ion collisions, on the contrary, can
lead to excitation under the condition d1InT;/0In N > 28/ 3.

If k| vy > Q;, then in the frequency region under consideration we find

Te k yUTi 0 N
ST, + T,(1+ k2r3),) V2rk, o \/Ti’

B T,T, kytors (0 N\ (0 N\
T AT R P2k Nk o @ \ 00 T, ) \0x T,

\/27 k‘iv%z 3(7T + 1) Oln NT;O.(SQ (9)
- T .. '
' QZQ 8y/m 9dln NTZ.—0<5

Here the Cerenkov effect leads to excitation of the oscillations, while ion-ion
collisions can stabilize them, except for the region 2 > dInT,/0Iln N > 1.45, in
which they enhance the instability.

Under the condition |w + iv,| < k,vp,, short-wavelength drift-cyclotron oscil-
lations are also possible (cf. (16)) w ~ nQ,, provided that A = w — nQ, >
k202 /Q2. For w < wy, we have
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Here too the Cherenkov effect on electrons always leads to the growth of os-
cillations, whereas ion collisions play a destabilizing role only under conditions
when 2 > 9InT,;/0In N > 1.45. Let us now consider

Fig. 1
Fig. 1
Fig. 2
Fig. 2

oscillations in the frequency range |w + iv,| > k,vp,. If, in addition, w > v,,
then

2 2
e, = he S Pver OWN R0 g (4 Ko, 0, N (11)
¢ k2E, | wQ, Oz wow wQ, 0z /T, '

If, however, w < v,, then

w? kzv Oln N k202 ka 0
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Here v = 4/3\/27r/me4NL/Te3/2.

Then, in the region of low frequencies (w « ;) and long waves (k| vy < §;),

1k 9l NT,
103/ or

1. T 2\ Oln NTLH7t
719Ms&+e@+%)ne}_

Wy for w ~ wy, > w,

Y T, 2 ) "9 NT,
k2 02, 1 In N InT,
*qu‘ LUQTZ 2 AL +i OlT, 5 (13)
10 Q2 14+wv%/c2 O0InNT, 280InNT,

sovietrxiv.org/items/ru-196601.06784 Machine Translation


https://sovietrxiv.org/items/ru-196601.06784

k,,s* 0
wy = —%a In NTH™, for w ~ wy, < w, (14)

”, w3 (1+v124+Ti 0ln NT, )

~ 1.96w, ¢ " T.OImNTLT!

T, 9ln NTL7!

W3 :71].96&)5?7(81117]\[1;7 fOr(JJNwS < Wyr- (].5)
Here v, is the Alfvén velocity,
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It is seen that oscillations in the frequency range w < w, are always unstable
because of electron collisions. In the frequency range w > wy, electron collisions
stabilize the instability; ion collisions, for k, ~ 0, can lead to growth when
(31 +30%/c*)0InT;/0In N < 28v% /2.

In the short-wavelength limit (w <« Q,,v,) we have
o 1 kz'uTi 6 InN
1+ k22, Q,  Ox
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Here electron collisions stabilize, while ion collisions lead to the growth of oscil-
lations, provided only that
OInT,/0In N < 4.45k%*r%,,.

The spectrum of oscillations (16) is preserved for ; > w > v,. In this case

(19)
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Here electron collisions can already become the cause of instability, provided
only that
OnT,/0ln N > 2.

Let now |w +iv,| > k ’UTP Then, for

A =w—nQ; < v;kIv%, /2, the spectrum of drift-cyclotron oscillations is de-
termined by expressions (16) and (19) for nQ?, < v, and nf); > v,, respectively;
in both cases 7, is to be understood as expression (18). If, however,

A > v;k3v7,/Q32, then at the intersection of the drift and cyclotron branches
of the oscﬂlatlons hydrodynamic growth of the oscillations is possible both for
w > v, and for w < v,. This growth is of collisionless nature ¢, with growth
increment

v~ yv/m/M. When collisions are taken into account, a new instability appears
with spectrum (w < wy,)

k203, 3(m+1) ln NT; 069

v=m Vii Q2 42 OWNT; 5 e (20)
OlnN/\/T
e 222 Re v 7 k3., kyvp; Oln N/ for w > vy,
Q, 9l N/,/
Ve = (21)

1.9
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It follows from this that for w > v electron collisions lead to the growth of
oscillations practically always, while for w < v 4 only when

O0lnT;/0ln N < 2. Ion collisions, however, stabilize the instability, except for
the region where

2>0InT;/0InN > 1.45.

In Figs. 1 and 2 the boundaries of the plasma instability region are given,
respectively, for

OInT/0InN =0and 0lnT/0In N = 1.6,

o =k,Lg,

z = kv, /QF

(Ly' =0 N/dz, T. =T,, vy =0.1c, a =v;;/kvp,).
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