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The thermal instability of a plasma in a porous medium in the presence of a finite Larmor radius
(FLR) and Hall effects is considered. Oscillatory modes due to the presence of a magnetic field (and
hence the presence of FLR and Hall effects) are introduced. For stationary convection, the FLR may
have a stabilizing or destabilizing effect, but a completely stabilizing one for a certain wave-number
range. Similarly, the Hall currents may have a stabilizing or destabilizing effect but a completely
stabilizing one for the same wave-number range under certain condition, whereas the medium
permeability always has a destabilizing effect for stationary convection.

1. Introduction

The effects of finiteness of the ion Larmor radius,
showing up in the form of a magnetic viscosity in the
fluid equations, have been studied by Rosenbluth et al.
[1], Roberts and Taylor [2], Vandakurov [3] and Jukes
[4]. Melchior and Popowich [5] have considered the
finite Larmor radius (FLR) effect on the Kelvin-
Helmholtz instability of a plasma, while that on the
Rayleigh-Taylor instability has been studied by Singh
and Hans [6]. The theory of thermal instability of a
fluid layer heated from below under varying assump-
tions of hydromagnetics has been summarized by
Chandrasekhar [7]. The effect of FLR on the thermal
instability of a plasma has been studied by Sharma [8]
in the presence of a vertical magnetic field and by
Sharma and Prakash [9] in the presence of a horizon-
tal magnetic field. Gupta [10] has studied the thermal
instability of a conducting fluid in the presence of Hall
current. The medium has been considered to be non-
porous in all the above studies.

The problem of thermal convection in fluids in a
porous medium is of importance in geophysics, soil
sciences, ground water hydrology and astrophysics.
The development of geothermal power resources has
increased general interest in the properties of convec-
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tion in porous media. Generally it is accepted that
comets consist of a dusty ‘snowball’ of a mixture of
frozen gases which in the process of their journey
changes from solid to gas and vice-versa. The physical
properties of comets, meteorites and interplanetary
dust strongly suggest the importance of porosity in the
astrophysical context (McDonnel [11]). The effect of a
magnetic field on the stability of such a flow is of
interest in geophysics, particularly in the study of the
Earth’s core where the Earth’s mantle, which consists
of a conducting fluid, behaves like a porous medium
which can become convectively unstable as a result of
differential diffusion. The other application of the re-
sults of flow through a porous medium in the presence
of a magnetic field is in the study of the stability of a
convective flow in the geothermal region.

Keeping in mind the importance of FLR and Hall
currents in several situations of geophysics and astro-
physics, the present paper deals with the thermal in-
stability of a plasma in a porous medium in the pres-
ence of FLR and Hall current effects.

2. Perturbation Equations

Consider an infinite horizontal layer of viscous,
heat conducting and finite electrically conducting
fluid of thickness d, in porous medium, in which a
uniform temperature gradient f(=|dT/dz|) is main-
tained. Consider the cartesian coordinates (x, y, z)
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with origin on the lower boundary z = 0 and the z-axis
perpendicular to it along the vertical. The fluid is
acted on by a horizontal magnetic field H(H,0,0) and
gravity force g (0, 0, —g).

Let q(u, v, w), h(h,, h,, h.), 6¢ and 6 denote respec-
tively the perturbations in fluid (filter) velocity (0, 0, 0),
magnetic field H, density ¢ and temperature T. Then
the linearized hydromagnetic perturbation equations
relevant to the problem are
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stand for stress tensor taking into account FLR effect,
density at reference level z =0, viscosity, kinematic
viscosity, thermal conductivity, thermal diffusivity,
electrical resistivity, coefficient of volume expansion,
electron number density and charge of an electron
respectively. & k, denote the medium porosity,
medium permeability while g,, ¢,; o, ¢, stand for
density and specific heat of fluid and solid (porous
matrix) material respectively. In writing (1), use has
been made of the equation of state

0=200[1—a(T—T,), (6)

where the suffix zero refers to values at the reference
level z=0 and so the change in density do caused by
the perturbation 6 in temperature is given by

00 =—00,0. (7)

For the horizontal magnetic field H(H,O0,0), the
stress tensor P, taking into account the finite ion gyra-

tion (Vandakurov [3]), has the components
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Here g vy = To where N, T, and wy denote respec-
w

tively the number density, the ion temperature and the
ion gyration frequency.

3. Dispersion Relation

Here we analyze the disturbances into normal
modes and assume the perturbation quantities are of
the form

[w, 0, h,, {, E]=[W(2), ©(2), K(2), Z(2), X (2)]
~exp(ik,x +ik,y+nt), )

where k., k, are the wave numbers in the x- and
y-directions respectively, k = (k2 +k;)'/? is the resul-
tant wave number and n is, in general, a complex
constant.

Expressing the coordinates x, y, z in the new unit of
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length d and lettinga = kd, g = e Rl - e
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Eliminating ©, K, X, and Z between (10)—(14), we
obtain
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is the Rayleigh number,
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is the modified Chandrasekhar number,
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is a nondimensional number accounting for Hall cur-
rent,
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v
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Consider the case of plasma layer with two free
boundaries and the adjoining medium to be noncon-

fects and P, =

ducting. The boundaries are assumed to be perfect
conductors of heat. The case of two free boundaries is
the most appropriate for stellar atmospheres (Spiegel
[12]). The boundary conditions appropriate for the
problem are

W=0=D*W=DZ=0 atz=0and 1
X=0 and h_h

x> Tys

(16)
h, are continuous.

Using the boundary conditions (16), it can be shown
with the help of (10)—(14) that all the even order
derivatives of W vanish at the boundaries and hence
the proper solution of (15) characterizing the lowest
mode is

W=W,sinnz, 17)

where W, is a constant. Substituting (17) in (15) and
letting
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we obtain the dispersion relation
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4. The Stationary Convection

When the instability sets in as stationary convec-
tion, the marginal state will be characterized by ¢ = 0.
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Putting ¢ = 0, the dispersion relation (18) reduces to
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which expresses the modified Rayleigh number R, as
a function of the dimensionless wave number x and
the parameters Q,, M, N and P. From (19), it follows
that
dR,
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which is positive for (14 x)>3xcos?@ ie. for the
wave number range satisfying
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This shows that FLR has a stabilizing effect for the
wave number range (21). In the absence of Hall cur-
rents (M — 0), FLR always has a stabilizing effect. But
in the presence of FLR and Hall effects on the thermal
instability in porous medium, the FLR may have sta-
bilizing or destabilizing effects but completely stabi-
lizes the wave number range (21).
Equation (19) also yields
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which is positive if PQ, >M and (1+x) > 3x cos?6
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In the presence of FLR and Hall effects on the
thermal instability in porous medium, the Hall cur-
rents may have stabilizing or destabilizing effect but
completely stabilizes the wave number range (21) if
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It is evident from (19) that
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which means that medium permeability has a destabi-
lizing effect.

5. Stability of the System and Oscillatory Modes

Multiplying equation (10) by W*, the complex con-
jugate of W, integrating over the range of z and mak-
ing use of (11)—(14), we obtain
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which are all positive definite. Putting c=o0,+ig;
where g,, 0; are real and equating the real and imagi-
nary parts of (24), we obtain
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