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ABSTRACT. The drift effects are incorporated into the theory of instabilities in a rotating magnetized
plasma. It is shown that these effects suppress the rotational-convective instability. © 2008 Bull. Georg. Natl. Acad.

Sci.
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Initial papers on the theory of magneto-rotational
instability (MRI) in a rotating medium in axial mag-
netic field [1, 2] dealt with the axisymmetric perturba-
tions. The same concerns paper [3] where, in addition
to the MRI, the rotation-convective instability (RCI) was
considered. As is known [4], the drift effects in such
perturbations are not revealed. On the other hand, ac-
cording to [5], the MRI and RCI in the medium with the
above geometry of magnetic field can be realized in the
form of nonaxisymmetric perturbations. Then, basing
on the general notions [4], one can suggest that in this
case the drift effects can play the role. The present paper
is addressed to the problem of allowance for the drift
effects in the instabilities of rotating plasma in the men-
tioned geometry of magnetic field.

The parameter £ characterizing the ratio of plasma
pressure to the magnetic field pressure is assumed to be
small, f<<1. The perturbation of the axial magnetic
field, Z?Z , is neglected. In addition, the parallel motion
of ions is also neglected. For such assumptions the MRI
is not revealed, so that our problem reduces to elucida-
tion of the role of drift effects in the RCIL.

We start from the plasma motion equation of the
form

2

dv, B 1
L +V-n'=pg-V| p+— |[+—(B-VB).(1
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Here p is the plasma mass density, V; is the plasma
velocity, d,/dt=0/0t+V,-V, a is the tensor of ob-
lique (magnetic) ion viscosity, p is the plasma pressure,
B is the magnetic field, g=(g,0,0) is the gravitation
force. We take the equilibrium magnetic field B, in the
form B, =(0,0,B,). The equilibrium is cylindrically
symmetric. We use the cylindrical coordinate system
r,0,z . It is assumed that plasma rotates around the
cylinder axis with the angle velocity Q=Q(r). The
equilibrium plasma parameters satisfy the condition

(viscosity effect on the equilibrium is neglected)

Py=p(g+rQ%), ®)

where p, and p, are the equilibrium pressure and
mass density, the prime is the radial derivative. We as-
sume the equilibrium magnetic field homogeneous,
B;=0.

Taking the curl of both parts of (1), we obtain

PAY " ik.B,( 0B <
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Here E,_ , Eg - r,6 -th projections of the perturbed mag-
netic field. We take the perturbations in the form
exp(—io t +ik.z +im@)F(r), where o is the oscilla-
tion frequency, k. - parallel wave number, m - azi-
muth.gl_l mode number, k,=mlr - azimuthal wave num-
ber, F(r) - a function close to exp(ik,r), where k, is
the radial wave number. The definition (...) means the
perturbed part of the value (...).

In the case of two-dimensional motion one should
complement (3) by another equation following from (1).
As such an equation, we take (cf. above said)

B. -o. @)

Now we represent the ion velocity as the sum of the
electric and Larmor drifts, V,,V, [4],

V, =V, +V,. (5)
Here
c
VE =E[EXB] » (6)
V, =——[BxVp,] 7
b enB? Pl (7)

where p, is the ion pressure, » - the plasma density, e -

the ion charge, 7 is the light velocity. Then (3) reduces
to

K+L+M=N (8)
where

K—{pr{(%+VE-VJVE—gH . ©)

ﬁ_{vxp{(%'kvﬁ'vjvi}} ’ (10)

M:[Vx{p(vL 'v)(VE"'VL)*'V'“:}I’ (11)

& = kB [%f-k B } (12)

We calculate the value M in the traditional ap-
proximation of the theory of instabilities. Then we ob-
tain (see in detail [4])
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M =0. (13)
In the same approximation we calculate ]:, which
yields, in allowing for (6)

L=———Vip,. (14)

where @ =@ —mQ, wg, is the ion cyclotron frequency,
p; is the perturbed ion pressure. For calculation of p,
we use the ion heat balance equation

3dp 5

V-V =-V.q, 15
2 dr 2pF i qi ( )

where q; is “oblique” ion heat flux determined by

q =L e xvr, (16)
2 Mla)ﬁ‘i )

and the ion continuity equation

@+VE-Vn:0, (17)
ot

where M, is the ion mass, e_ is the unit vector along z.
By means of (15)-(17) we find

—idp, +V, pl, =0, (18)

where p,; is the equilibrium ion pressure. Substituting
(18) into (14), we arrive at

[=-Buvry
a,,.

(19)

e

We introduce the ion drift velocity defined by the
pressure gradient, V,;, taking

v = CPo, (20)

s E]
en, B,

where n, is the equilibrium plasma density. Then (19)
takes the form

L=—pV. NV, (21)
According to the frozen-in condition,

- & =
== B. 22
Er k__BO ¥ ( )

Substituting (22) into (21), we obtain

av,,
k.B,

L=-p, V2B, (23)
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Turning to [5] and allowing for the gravitation force
there, we note that

A 0 o K% o~
K= 5{:00 (_ZQ)VEG +EVE;~ ]:| -

— ik, { Py (idV,, —2Q7,, )~ ﬁ%}. (24)

0

As 7, we substitute here Eq. (23), while as 7y, -
the value given in [5]:

ﬁggz— 2] §9+ 1 dQ Er. (25)
k.B, k.B, dlnr

Instead of p, one should take here the expression
following from (17) and (22):

ipy B
kB, "

z

p= (26)

Then (24) transits to

. 1 o o
) {E[’) \(-i0B,~208,) |-
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Allowing for (4), it follows from the Maxwell equa-
tion V-B=0 that

~ i 0B
By=—=—".
6 k, or (28)
Substituting (28) into (27), we obtain
. 2 K p! ~
k=Ll g Lpdng g g
k k. ki p, dr
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where k7 =k? +k§.

Note that the term with dQ?/dInr in (27) de-
scribes the Velikhov effect [6]. However, it does not lead
to the contribution into (29) due to its compensating
with the effect due to the radial derivative of 204,
which has been called in [6] the “anti-Velikhov” effect.
In taken approximations, this compensation is complete
(see in detail [6]). As a result, the MRI is not predicted.

In addition, allowing for (28), we reduce (12) to

szO

k?B,. (30)
Artk,

]Q:

By means of (13), (23), (29), (30), we arrive at the
local dispersion relation

&' - dw

*7

2y
K pdinp, o G1)
kipy dr

Here the term with @,; = kyV*[ characterizes the
contribution of the ion drift effects, while the term with
pod In p/dr is responsible for generation of the RCL. It
can be seen that for p;p; <0 the RCIis not generated
for

K pydInp,
ki py dr

2
% +EV > - (32)
Allowing for the equilibrium condition (2), we find
that in the limiting cases of large and small g the con-
dition (32) for k, =0 transits to the criteria of drift
suppression of the flute (interchange) and centrifugal
instabilities, respectively [4].
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