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The Rayleigh-Taylor instability of a rotating compressible conducting fluid
in the presence of a magnetic field has been investigated. It is found that for
stable configuration magnetic field and rotation both enhance the critical
wave-length of the perturbation which gives rise to Rayleigh modes, while
for unstable configuration a magnetic field enhances the critical wave-length
whereas rotation decreases this critical wave-length.

INTRODUCTION

In two previous papers (I and II, Verma and Verma 1963a, b) the authors
have considered the effect of uniform horizontal magnetic field and rotation
separately on the development of Rayleigh-Taylor instability for an infinitely
conducting inviscid compressible fluid. In this note we investigate the
simultaneous effect of rotation and horizontal magnetic field on the develop-

ment of Rayleigh-Taylor instability for a compressible fluid.

Equations of the Problem

We consider here a perfectly conducting compressible, inviscid fluid
stratified in horizontal layers placed in uniform horizontal magnetic field in
z-direction and uniform gravitational field in z-direction. Also the configura-

tion is rotating uniformly with an angular velocity 2 about z-axis.
The appropriate perturbed equations of the problem are

npu—2pvQ = —ik,Sp

npv4-2puQd = —ilcy8p+% (vkghy—ikyhs)

H,.
Dép = —npw—g3p+t—:—; (ik hy— Dh,)

ndp = — p(ikyusik,v+Dy)—wDp
ndp = — Vep(iku+ikyv—+Dy)+9pw
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where all the symbols have their usual mea.n}ng.
From equations (1) to (8) after little algebra we arrive at
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Substitute for iku, ikw, 8p and 8p from equations (9) to (12) in equation (3)

we have after little simplification
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This is the required characteristic equation for w. Let us integrate this
equation across the interface at z = z,, we have
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where A (f) has the usual meaning
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The Case of Two Uniform Fluids of Constant Densities separated by a
Horizontal Interface

Proceeding as in paper I (Verma and Verma 1963a), in each of the two
superposed fluids, equation (14) reduces to
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We also note that this reduces to equation (60) of Talwar (1960) when we put
1715 = 0 for incompressible fluid.

Applying the first two appropriate boundary conditions of the problem to
the solutions of equation (16), we have

wy = weeth® z<0
wy=wee L 2>0 .. .. .. .. (17
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We also assume that ¢; and ¢, have only positive real parts.
Substituting these solutions for w in the third boundary condition the
characteristic equation after simplification is
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This characteristic equation cannot be discussed easily, and hence we will
take up the special case when k. = 0, and substituting

=V P2
YT P Pitpy
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and = —; also measuring 7 and %, in the units of V47, Sec! and
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(77 ! respectively we have
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Rayleigh Modes for Perturbation ky; = 0.

Equation (20) can be written as
2\t - s o a2\ !
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Proceeding as in Vandervoort (1961), both for density regions o, —a, <=ty <O

where
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(for eg > ¢;) and for density region txl—“; < ay—ay < 1 (for ey < ;) the critical
wave number k, below which Rayleigh modes do not exist is

D2
_Dg [acg (1—— F;) —(al—-acz)z]
¢ 2
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For stable configuration, i.e. p, < p; and n2 negative and < —402, the magnetic
field and rotation both enhance the critical wave-length of the perturbation
which gives rise to Rayleigh modes of interface for above density limits. For
unstable configuration,i.e. p, > p; and n2 positive, the magnetic field enhances
the critical wave-length whereas the rotation now decreases this critical wave-
length.
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