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The magnetorotational instability (MRI), [1, 2], be-
came an important issue of both astrophysical and labo-
ratory studies due to the paper [3] referring it to the
problem of anomalous viscosity in accretion disks [4]. It
was assumed in [1-3] that the medium subjected to the
MRI is ideal. It seems to be important to elucidate dissi-
pative effects on the MRI. The role of such effects can
be played by the viscosity and resistivity of the me-
dium. The viscosity effect has been studied in [5], while
the resistivity - in [6]. The goal of the present paper is
allowing for both the resistivity and viscosity. It is as-
sumed that the medium is an astrophysical plasma of
cylindrical geometry.

We take the Maxwell equations in the form

OB/ ot = Vx[VxB|+ uV’B, 1)
V.B=0, Q)
where B=B,+B, V = V,+V are the total magnetic

field and plasma velocity, B, = (0,0, B,), V, = (0,0, Vo)

are the equilibrium field and velocity, VB, =0,

Vo :rQ(r), Q(r) is the angular rotation frequency,
B-= (E,,Eg,gz) and V = (17,,179, 172) are the perturbed

magnetic field and velocity, x = c? /(47;0) , cisthe light
velocity, ois the electric conductivity. We use the cylin-
drical coordinates (r,6, z) .

We assume the perturbations to be of the form

exp(—ia)t+ikzz)1?(r), where o is the oscillation fre-

quency, k_ is the parallel wave number, the function

F (r) is taken to be close to exp(ik,r), where &, is the
radial wave number. Then Egs. (1) and (2) yield

V,=-0,B,/(k.B,) €))
17(9 B o, ~H+ iB, dQ ’ @)
k.B, k,By dInr
~ i O~
B.=——\rB.). 5
o kror (r r) ©)
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where @, = o+iku, k* :]Qf +k2, lér is the operator

—io/or -
Plasma is assumed to be incompressible,

V-V=0, ©)

while its velocity satisfies the motion equation

2
pﬂ:_vpﬂ,g_i VB——(B-V)B +pW?V. (7)
dt 4r 2

Here p=p,+p is the total plasma mass density,
p=po+p isthe total plasma pressure, v is the coef-

ficient of kinematic viscosity, d/dt=0/0t+(V-V).
From (7) one finds the equilibrium condition
2 =g. ®)
Equation (6) leads to

~ 18/ ~
ik V,+——\rV.)=0. 9
T )
It follows from (7) that
~ ~ vk ~ 1 6. v*0B
—ioV, -2QV,——42B +——p+-4L—=2=0,10)
B, Py OF B, or
2 . 2
~ Kk~ ik, ~
—ioV,+—V, ——42B, =0, 11
vl o 20 r B() 4 ( )
~ k.
—io,V, + 2 p =0, (12)
Po

where ®, = w+ik’v, v2 = BZ I(47p,) is the Alfven
velocity squared, x* =4Q%+dQ?/dInr is the square
of epicyclic frequency. We take p, to be constant, so
that p=0.

By means of (3), (9) and (12) one finds

~ i 1o
V,=- ——\w,7B, |, 13
= am o D) (13
~ iow,py 1 0 ~

= 2P0~ 2 (B, ). 14
T ~~(0,5,) (14)

In turn, (3), (4) and (11) result in

7, ;(mwup dQ jfi, (15)
k.B,D,, “ T gy
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where

D, =lo+iuk® Jo+rivk®)-k22,  (16)

Dy, = (a)+i,uk2)2 —k2v3. (17)

Substituting (5), (14), (15) into (10), we arrive at the
mode equation

%{&i(%rgr)_ﬂi(rgr)}_

r or r or

2 1 2 dQ? ||~ _
—kz|:D,uv_D_[4Q a)ﬂ+Dﬂ#m B,—O(IS)

y1%

Hence we obtain the local dispersion relation

kZ ) do?
D, ——=—| 400> +D,,——|=0. (19
m kZDW[ TR dn g )

where k% = kZ2 +k,,2.

Taking @ =0 in (19), we arrive at the instability
boundary

Ll R W o s

=0.(0)
dinr k2 k2 +ku? k3 kR
Taking here ¢ =v =0, one finds
Q® 5,
—+k7v; =0, 21
dinr = @

This is the boundary of MRI in the ideal plasma [1-3].
It remains in force also for 4 =0, v = 0 . This means that

only viscosity does not change the MRI boundary [5]. In

turn, requiring x2 >0 and & #0, v =0, one has that
)

k4,uv>k22vﬁ(2kv—— j (22)

A

This is the criterion of resistive-viscous suppres-
sion of MRI in astrophysical plasma.
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