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ABSTRACT. Resistive-viscous suppression of magnetorotational instability in an astrophysical plasma is stud-
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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

[ ] ,/ 2BBB ∇+×∇×∇=∂∂ μt (1)

,0=⋅∇ B (2)

where BBB ~
0 += , VVV ~

0 +=  are the total magnetic

field and plasma velocity, ( )00 ,0,0 B=B , ( )00 ,0,0 V=V

are the equilibrium field and velocity, 00 =∇B ,

( )rrV Ω=0 , ( )rΩ  is the angular rotation frequency,,

( )zr BBB ~,~,~~
θ=B  and ( )zr VVV ~,~,~~

θ=V  are the perturbed

magnetic field and velocity, ( )πσμ 4/2c= , c is the light
velocity, σ is the electric conductivity. We use the cylin-
drical coordinates ( )zr ,,θ .

We assume the perturbations to be of the form

( ) ( )rFzikti z
~exp +− ω , where ω is the oscillation fre-

quency, zk  is the parallel wave number, the function

( )rF~  is taken to be close to ( )rikrexp , where rk  is the
radial wave number. Then Eqs. (1) and (2) yield
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where μωωμ
2ik+= , 222 ˆ

zr kkk += , rk̂  is the operator

ri ∂∂− / .
Plasma is assumed to be incompressible,

0=⋅∇ V , (6)

while its velocity satisfies the motion equation
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Here ρρρ ~
0 +=  is the total plasma mass density,,

ppp ~
0 +=  is the total plasma pressure, ν  is the coef-

ficient of kinematic viscosity, )(// ∇⋅+∂∂= Vtdtd .
From (7) one finds the equilibrium condition

gr =Ω2 . (8)
Equation (6) leads to
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It follows from (7) that
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where νωων
2ik+= , )4/( 0

2
0

2 πρBvA =  is the Alfven

velocity squared, rdd ln/4 222 Ω+Ω=κ  is the square
of epicyclic frequency. We take 0ρ  to be constant, so

that 0~ =ρ .
By means of (3), (9) and (12) one finds
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In turn, (3), (4) and (11) result in
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where

( )( ) 2222
Az vkkikiD −++= νωμωμν , (16)

( ) 2222
Az vkkiD −+= μωμμ . (17)

Substituting (5), (14), (15) into (10), we arrive at the
mode equation
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Hence we obtain the local dispersion relation
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where 222
rz kkk += .

Taking 0=ω  in (19), we arrive at the instability
boundary
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Taking here 0==νμ , one finds
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This is the boundary of MRI in the ideal plasma [1-3].
It remains in force also for 0=μ , 0≠ν . This means that
only viscosity does not change the MRI boundary [5]. In

turn, requiring 02 >κ  and 0≠μ , 0≠ν , one has that
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This is the criterion of resistive-viscous suppres-
sion of MRI in astrophysical plasma.
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ganxilulia magnito-brunviTi aramdgradobis rezistul-blanturi stabilizacia astrofizikur
plazmaSi. dadgenilia aseTi stabilizaciis kriteriumi.
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