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The Rayleigh-Taylor (RT) instability of a stratified and viscid magnetoplasma including the 
effects of "finite-resistivity and suspended particles is investigated using normal mode analysis. 
The horizontal magnetic field and the viscosity of the medium are assumed to be variable. The 
dispersion relation, which is obtained for the general case on employing boundary conditions 
appropriate to the case of two free boundaries, is then specialized for the longitudinal and 
transverse modes. It is found that the criterion of stable stratification remains essentially 
unchanged and that the unstable stratification for the longitudinal mode can be stabilized for a 
certain wave number band, whereas the transverse mode remains unstable or all wave numbers 
which can be stabilized by a suitable choice of the magnetic field for vanishing resistivity. Thus, 
resistivity is found to have a destabilizing influence on the RT configuration. The growth rates of 
the unstable RT modes with the kinematic viscosity and the relaxation frequency parameter of 
the suspended particles have been analytically evaluated. Dust (suspended particles) tends to 
stabilize the configuration when the medium is considered viscid with infinite conductivity. The 
kinematic viscosity has a stabilizing influence on the ideal plasma modes. 

I. Introduction 

Rayleigh-Taylor (RT) instability, i.e. the instabil-
ity of a heavier fluid supported by a lighter one 
whereupon the two interchange their positions, 
bears some relevance to Laser fusion experiments 
and has been ment ioned as one of the simplest non-
trivial instabili t ies of astrophysical importance. 
When the heated interior gas in a supernova explo-
sion exerts pressure on the cold shell, increasing its 
outward m o m e n t u m , this is equivalent to a low 
density fluid accelerating a heavier one and RT 
instability must result as discussed by Spitzer [1], 
Chandrasekhar [2] has presented a comprehensive 
survey of the various investigations carried out on 
the RT instability problem under various assump-
tions. He has dis t inguished two special cases; the 
instability of two superposed fluids of different 
densities and the instability of a single fluid having 
a cont inuous density stratif ication, which case he 
considers equally interesting. 

It has been demonst ra ted by Fur th et al. [3]. Jukes 
[4]. and many others that the inclusion of finite 
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resistivity modi f ies the R T problem and makes 
possible new unstable modes. Zadof f and Begun [5] 
have treated the case of two incompressible 
homogeneous f luids separa ted by a horizontal 
boundary in the presence of a uni form horizontal 
magnet ic field. They have discussed the effects of 
finite resistivity and viscosity of the m e d i u m on the 
growth rate of RT modes and have shown that a 
finite resistivity does not affect the growth of 
unstable modes when the wave vector is perpendic-
ular to the magnet ic field but that it does increase 
the growth rate when the wave vector is parallel to 
the magnet ic field. Sund ram [6] has considered 
gravitat ional instability of a fluid finite resistivity 
and concluded that the density strat if ication is 
unstable for all wave numbers . Bhatia [7] has 
investigated the case of two superposed fluids of 
variable viscosity immersed in a horizontal magnetic 
field, but he has assumed the fluids to be infinitely 
conducting. 

S a f f m a n [8] has initiated the study of dusty gases 
in magne tohydrodynamics . Alfven and Carlqvist [9] 
have emphas ized the impor tance of dust in the 
analysis of the problem of star format ion out of 
interstellar clouds. Michael [10] has pointed out that 
the presence of dust (suspended particles) tends to 
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stabil ize the system by reducing the growth rates of 
the d is turbance in context of the Kelvin-Helmholtz 
instability. Scanlon and Segel [11] have made a 
detai led study of the hydromagnet ic instability in 
connect ion with the Benard convection and have 
examined the influence of suspended particles. 
Chha j l an i et al. [12] have treated the problem of 
magnetogravi ta t ional instability of a finitely con-
duct ing plasma in the presence of suspended 
particles. Sharma and Thakur [13] have considered 
the R T instability of a stratified partially ionized 
plasma. 

Recently, Chhaj lani et al. [14] have incorporated 
the effect of suspended particles in the RT instabil-
ity p rob lem of a viscid plasma having an exponen-
tially varying density dis tr ibut ion in the presence of 
a var iable horizontal magnet ic field, considering the 
m e d i u m to be infinitely conducting; the grwoth rate 
of the unstable Rayleigh-Taylor modes has been 
evaluated analytically in order to examine the 
inf luence of the suspended particle and the viscos-
ity. The. approx imat ion of an ideally conducting 
p lasma is valid for an astrophysical p lasma but it is 
of ten a poor approximat ion for laboratory plasmas, 
and hence finite resistivity needs to be incorporated 
in a more realistic approach . Thus, the simultaneous 
inclusion of finite resistivity and suspended particles 
in the analysis of the R T instability of a stratified 
f luid is certainly interesting, and this has been done 
in the present study. 

II. Equations of the Problem and Linearization 

Consider a homogeneous med ium of a gas with 
suspended particles which is infinite along x- and 
y-direct ions and b o u n d e d by two free surfaces at 
r = 0 and r = d. Let u, v, N and Q denote the gas 
velocity, the velocity of the particles, the n u m b e r 
density of the particles and the gas density, respec-
tively. T h e particles a re assumed to be nonconduct-
ing and the gas is considered finitely conducting 
and viscid. If we assume uniform particle size, 
spherical shape and small relative velocities be-
tween the two phases, then the net effect of the 
particles on the gas is equivalent to an external force 
term per unit volume KN(i-u), where K = 6ngvr 
(Stokes ' drag formula) and r and v denote the 
part icle radius and the kinematic viscosity of the 
gas, respectively. Hence, the relevant equat ion of 
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motion for the gas-part icle m e d i u m is 

dw , 
o = - V p + ovV2u+ KN(v-u) (1) 

dt 

Me «-, I ÖH' du \ 

where p, pt, 0 ( 0 , 0 , - 0 ) , H(H(z), 0 0) denote the 
pressure, the magnet ic permeabi l i ty of the gas, the 
gravitat ional force and the magnet ic field, respec-
tively, and x = (x\ y, r) . T h e continuity equat ion of 
the m e d i u m is 

do 
- ^ - + ( « - V ) e = 0. (2) 

For an incompressible m e d i u m 

V - m = 0. (3) 

The distance between the particles is assumed to 
be so large that interpart icle reactions can be 
ignored. The buoyancy force on the particles is 
neglected as its stabilizing influence for two free 
boundar ies is extremely small. The electrical forces 
on the particles are also neglected. The density 
changes are small except in the gravity term. Under 
these approximat ions , the equat ions of the mot ion 
and continuity for the particles are 

dv 
m N = KN(v — i/), (4) 

d / 

dN „ 
- _ + V ( y V r ) = o , (5) 

where m is the mass of the particle. 
Finally, the Maxwell 's equat ions for a conduct ing 

m e d i u m with f ini te resistivity rj are 

V H = 0, (6) 

— = V x f « x / / ) + ^ V 2 / / , (7) 

where r\ = c2/An a: o is the conductivity and c the 
velocity of light. 

Now let the initial state of the system be denoted 
by the subscript "0" and be a quiscent layer with 
uni form part icle dis t r ibut ion. Thus , we have 

u0 = 0, = 0, A'o = constant. (8) 

The stabili ty of the initial state is s tudied by 
writing solutions to the full equat ions as the initial 
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state plus a per turba t ion term (denoted by pr imes) : [o ( r a + 1) + m/V] ac 

U = U 0 + u', V = VQ + V', N = N0 + N', 

H= H0 + h', p = p0 + Sp and = (?o + (9) 

where dp and SQ denote per turba t ions in pressure p 
and density Q, respectively. Next , we put the per tur-
bation assumed in (9) in ( l ) - ( 7 ) and l inearize them 
by neglecting products of the per turbat ions . We also [0(xo + \) + mN] an 
drop the subscript " 0 " f rom the equ i l ib r ium 
quantities. 

= - (1 + ax) iky dp + p (1 + ax) (D2 - k2) v 

+ (1 + x a) {iky w+ Dv) Dp 

It + — H (1 + ax) (ikx hY - ikv hx), 
An 

(17) 

III. Perturbation Equations 

We find that the l inearized per turba t ion equa-
tions for the gas-particle m e d i u m become 

Q ^ r = - V d p + -^:[Vxh)xH+(VxH)xh] (10) 
6/ An 

+ pV2u + KN(v - u) + g <5e+ — + —. . 
ox oz / d 

6vv du \ dp 

= - (1 + ax) Ddp + — H( 1 + ax)(ikxhz-Dhx) 
An 

+ p( 1 + ax)(D2 — k2) vv — — (1 + ox)(DH)hx 
An 

+ 2(1 + ax) DwDp + — (1 + O Z ) ( D Q ) W , (18) 
a 

where D = d/dz. 
Similarly, using (15) one obtains f r o m ( 1 1 ) - ( 1 4 ) 

dt 
= (HV)u-(u V ) / / + >/V2Ä, 

V • u = 0, V / » = 0 , 

— So + (u • V) o - 0 
dt 

(11) 

(12) 

(13) 

(14) 

( a - A / V 2 ) h x = i k x H U - W D H , 

(a — r/V2) hy = ikx Hv, 

(a- //V2) h. = ikx H N , 

a do = — w Dq, 

i kx U + i kvv + D vv = 0, 

i k x h x + ik v hv + D h : = 0, 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

where V2 = (D2 - k2). 
It is easy to e l iminate öp from (18) with the help 

of (16) and (17), and finally substi tut ion of h. f rom 
suspended particles and u represents the viscosity of t U u- u r n ^ rr (21) in the resulting equat ion yields following d i f fe r -

where x = m/K denotes the relaxation t ime for the 

the medium. 
We assume the per turbat ions to vary as 

exp (i k x .v + ikvy + a t), (15) 

where a is the growth rate of per turba t ion and kx, 
kv are the wave numbers along the x- and v-direc-
tions (A:2 = k2 + k2,). 

Substituting v f rom (11) in (10) and then employ-
ing (14) and (15). we obtain components of (10) as 
follows: 

[o(r<7 + 1) + m N ] a u 

ential equat ion in the per turbed velocity com-
ponent vv: 

a [(ax + 1) + x0] [D(qDw) - k2gw] 

- p (ox + \ )(D2 — k2)2w 

- (ax + 1 )(D2-k2) Dp Dw 

- (ax+ 1) D2p(D2 + k2) vv 

pe kl (ox+\) , , , , 
+ t — i F I T " - k ) v v + (DH ) D w 

An (a - rjv ) 

= -(1 + ox) ikxöp + p(\ + ax)(D2- k2)u 

+ (ikx vv + Du) {I + ax) Dp 

+ ~ ( \ + ox) (DH) /?-, 
An 

gk2 

+ - (X0 + 1) DQ\V = 0 , (25) 

where x0 = m N / Q denotes the mass concentrat ion of 
the suspended particles. 
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IV. Stratification and Boundary Conditions 

W e shall solve (25) for a gas-particle med ium 
with a continuous strat if ication of density o(z) 
given by 

Q(Z) = 
QoQxp(ßz), O^z^d, 

0 elsewhere, 
(26) 

where g0 is the density at the lower boundary , ß is a 
constant and d is the dep th of the med ium. We must 
note here that a similar stratif ication is assumed for 
the suspended particles. For the sake of simplicity 
in the analysis we consider a similar s trat i f icat ion 
for the viscosity and magnet ic field i.e. 

M(=) = Mo exp {ß Z ) , 

H2(Z) = H I exp ( ß Z ) . (27) 

It follows f rom (27) that the k inemat ic viscosity 
and the Alfven velocity VA = (HOMe/4n Q0)U2 are 
constant throughout the med ium. Following Chan-
drasekhar [2] and Bhatia [15] the requisite boundary 
condi t ions appropr ia te for a med ium with both 
bound ing surface free are 

vv = 0, £>2w = 0, D 4 w = 0 at 2 = 0 and z = d. (28) 

In fact, vv and all its even derivatives should 
vanish at the boundar ies in this case. 

V. Dispersion Relation and Discussion 

We have divided this section into three sub-
sections Va), Vb) and Vc). In all cases we have 
treated the problem under the assumption that both 
bound ing surfaces are free. 

It has been pointed out by Spiegel [16] that free 
boundar ies bear relevance for certain stellar a tmo-
spheres. Many authors, including Chandrasekhar 
[2], have adopted free boundar ies because they 
allow for exact solutions of the problem. 

a) Viscid Finitely Conducting Dusty Plasma 

We shall now obtain a dispersion relat ion f rom 
(26) which represents the combined inf luence of 
f ini te conductivity, viscosity and the suspended 
particles. For this, we First employ (26) and (27) in 
(25), and then solve the resulting equat ion neglect-
ing the effect of heterogeneity on the inertia term. 

We thus obta in 

k2 Vl 
(crV4 — //V6) vv — V 2 w 

vo 

(ax + 1 + a 0 ) o 2 . 

(err + 1) v0 

gßk2 

o v0 
{o-rjS/2) w = 0, (29) 

where V 2 = ( D 2 — k2) and v0 = MO^QO-

The di f ferent ia l equa t ion (29), which contains 
only even derivat ives of w, has to be solved con-
sistent with the bounda ry condit ion stated in 
(28) i.e. 

w = 0, D2\V = 0 at z = 0 and z = d. 

We find that w and all its even derivatives vanish 
at - = 0 and z = d. T h e proper solution of (29) in 
view of above bounda ry condi t ion is 

vv = A sin (m' n z/d), (30) 

where m ' is an integer. 
F rom (29), inserting the values of w and its 

derivat ives in accordance to (30), we obtain the 
dispersion relation 

o(ox + 1) v0 (a L2 + rj L 3 ) + k2
x V\ o(ox + 1) L 

+ o2(ox + 1 + a o)(crL + rjL2) 

- {ox+ \)gßk2(o + >/L) = 0 , (31) 

where L = [{m' n/d)2 + k2]. 
It can be easily verif ied that for an ideal plasma 

(rj = 0), it reduces to the dispersion relation obtained 
by Chha j lan i et al. [14], This can be fur ther simpli-
f ied and cast in the fo rm 

o4x + o3 [L T ( V 0 + > 7 ) + ( 1 + A 0 ) ] 

+ a2 [v0L{tjLx+ 1) + ( 1 + a 0 ) + r/.] 

+ a [/. - g ß k2 rjx] + r,(v0L2 - g ß k2) = 0 , (32) 

where /. = {k2Vi~ g ß k2/L). 
Here we int roduce fs= (1/r) , which is the relax-

at ion f requency pa rame te r of the suspended par-
ticles. Then (32) assumes the form 

a 4 + a 3 [L (v0 + > / ) + / s ( l + a0)] + a 2 [v0 L(r,L +/s) 

+ (1 + a0) r j L f s + /] + o [ f s / . - g ß k 2 rj] 

+ rjfs(v'o L2 - g ß k2) = 0, (33) 
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which is a general dispersion relation representing 
the combined influence of the viscosity, suspended 
particles and the finite conductivity on the RT 
instability of a composi te gas-particle magnet ized 
med ium. 

Now. it is elucidat ing to discuss (33) for the 
following special cases: 

(i) Longitudinal mode (kx = k< kv = 0). This special 
case concerns per tubat ions parallel to the magnet ic 
field. We find that the dispersion relation (33) in 
this case becomes 

a4 + a3 [L (v0 + n) + / s ( 1 + ao)] + tf2 to L(nL + / s ) 

+ (1 + a0) rjLfs + A'] + A [/S X - g ß k2 rj\ 

+ i f s (vo L2 - g ß k2) = 0, (34) 

where / / = (k2 V\ - g ß k2/L). 
Now. when ß < 0 (stable strat if icat ion), all the 

coefficients of (34) are real and positive and hence 
will not admi t any real positive root or complex root 
with a real positive part, implying thereby stability 
of the considered med ium. We conclude that a 
stable density strat if ication will remain stable even 
for finite resistivity together with suspended par-
ticles and non-zero kinemat ic viscosity. But when 
ß > 0. which is the criterion for unstable density 
stratification, the configurat ion will be unstable if 

vo L2 < g ß k2. (35 a) 

But it can be stabilized if 

vo L2 > g ß k2 and / s /.' > g ß k2(rj) (35 b) 

are satisfied simultaneously, where we have assumed 
/.' > 0. It can be easily seen f rom (34) that in the 
infinite conductivity limit the conf igura t ion can be 
stabilized for those wave numbers which satisfy the 
inequality 

which is the same as was obta ined by Ta lwar [17]. 
But for the finitely conducting composi te m e d i u m 

one has to satisfy (35b) , which involves finite 
resistivity and viscosity. This indicates destabil iza-
tion for the longitudinal mode. A close examinat ion 
of the conditions expressed in (35 a) and (35 b) 
reveals that the criterion of instability is indepen-

dent of the m e d i u m resistivity, but the stability 
cri terion involves finite resistivity. 

(ii) Transverse mode (kx = 0, kv = k). Here we 
consider per turba t ions which are perpendicular to 
the direction of the magnetic field. The dispersion 
relat ion for this par t icular mode can be worked out 
f rom (33) by setting kx = 0. ky = k. We get 

a4 4- a3 [L (vp + rj) +fs (1 +*<,)] 

+ a2 [v0 L(r/L + f s ) + (1 + a0) r]Lfs - g ß k2/L] 

+ a[-fsgßk2/L-gßk2r1] 

+ i f s (v'o L2 — g ß k2) = 0. (36) 

We find again that for ß < 0 the above equat ion 
does not possess any positive root or complex root 
with positive real part. Hence the stable density 
strat if icat ion remains stable. For ß > 0 (unstable 
strat if ication) we find that even if the condition 
v0 L~ > g ß k2 is satisfied, the m e d i u m can not be 
stabilized since the coefficient of a will always be 
negative and as a result (36) may possess a positive 
root or complex root with real positive part (Hur-
witz's criterion). However, the condit ion of instabil-
ity is again given by (35 a) which makes the 
absolute term of (36) negative and therefore will 
necessarily possess one real positive root which de-
stabilizes the system. Hereafter , we will deal with 
the general dispersion relation (33) since the case of 
transverse per turba t ions is relatively unimportant , 
which is evident f rom the foregoing discussion. 
Now, we shall est imate the growth rate of the 
unstable RT modes. 

It is clear that if (35 a) is satisfied, the general 
dispersion relation (33) will possess at least one 
positive real root which leads to instability. Let us 
denote this by <70. Then a0 will satisfy the equation 

o4
0 + a3

0[L(v0 + ^ ) + / s ( l + a 0 ) ] 

+ a\ [v'o L{rjL +/s) + (1 + a0) rj Lf% + z] 

+ I f s ' - ~ g ß k2 rj] + v / s (v 0 L2 — g ß k2) — 0. (37) 
N o w to comprehend the implications of f ini te 

resistivity, suspended particles and the viscosity of 
the med ium on the growth rate of the unstable 
Rayleigh-Taylor modes, we evaluate d a 0 / d / s and 
d(70/dv0 f rom (37) and discuss their nature. We have 
f rom (37) assuming k and a0 constant 

dtfo _ - { } ] L ( v q L - g ßk2) + al(\ + q0) + op ' Vp L + // L (1 + q0)i + a0 /.] 

d/s TTcrg + 3al!Vp L + ,/s( 1 + q0) + / /L\ + 2 <r0 \ v0L(tjL +./ s) + (1 + q0) /s ,jL + ( fs}.-g ßk2 //)]J (38) 
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Now consider the inequalities 

+ * o ) + OI[VQL + r j L ( \ + x 0 ) ] 

+ a 0 / ^ n L ( v 0 L - g ß k 2 ) (39) 
and 

4(7Q + 3tro{v'o L + / s ( l + ao) + rjL) 

+ 2ff0{v0 L(rjL +/s) + (1 + a 0 ) / s rjL + /.} 

+ (Js;.-gßk2r,)^ 0 . (40) 

where /. is assumed to be positive. If either both 
upper or both lower signs of the inequalities (39) 
and (40) hold, then da0/dfs is negative. Thus we 
infer that the growth rate of unstable RT modes 
decreases with increasing relaxation frequency 
parameter of the suspended particles when the 
mentioned restrictions hold. Thus the conditions 
(39) and (40) define the region where the suspended 
particles have a stabilizing influence. But if the 
upper sign of the inequality (39) and the lower sign 
of (40), or vice versa, hold simultaneously then the 
growth rate turns out to be positive. This means, 
under these limitations suspended particles can 
increase the grwoth rate of the unstable RT modes. 
We observe from (39) and (40) that the stabilizing 
or destabilizing influence of suspended particles is 
dependent on the finite resistivity of the medium. 
Also from (37) we have 

da 0 = - [al L + aj L(rjL + /s) + L 2 / s rj\ 
dv0 4o"o + 3 o\a + 2 a0b + C 

where a = [v0 L +JS( 1 + x0) + yj L], 

b = [vq L(rj L +/s) +/s rj L(\ +a0) + /.], 

C={fi).-gßk2 rj). 

The growth rate of the unstable mode is negative if 

Aal+ 3a$a + 2a0b+ C> 0, (42a) 

and it is positive if 

4ol+ 3a\a + 2a0b + C < 0 , (42b) 

where /. > 0. It is readily seen from (41) that for an 
infinitely conducting plasma (rj = 0) the growth rate 
is always negative if 

A > 0 viz. (k2 V\> g ß k2/L), 

whereas for the finitely conducting medium we find 
that the growth rate is positive under the condition 
(42 b). In the light of above discussion it should. 
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however, be observed that the kinematic viscosity 
always suppresses the growth rate of the unstable 
RT mode for an ideal plasma, but for a finitely 
conducting plasma it enhances the growth rate 
under the condition (42b). Thus from the above 
discussion it is of interest to note that the finite 
resistivity further destabilizes the system by increas-
ing the growth rate of the unstable modes. 

b) Dusty Inviscid Finitely Conducting Medium 

In this section we deduce the dispersion relation 
corresponding to an inviscid (v0 = 0) plasma. We 
find that the dispersion relation (33) reduces to 

a4 + a3[fs(\ +x0) + rjL] + a2[(\ + a0)/s/7L + ;.] 

+ ^ L/s A - g ß k2 rj] - f s f j g ß k 2 = 0. (43) 

In the derivation of the above equation the effect of 
the mass (m) and the size (/•) of the suspended 
particles has been included in the analysis through fs. 

For ß < 0 and /. > 0 the above equation will not 
admit any real positive root or complex root with 
real positive part, and so the system remains stable. 

For ß > 0, (43) will possess at least one real 
positive root which will destabilize the system for 
all wave numbers. Let a0 denote the unstable 
(positive) root of (43), then 

FFO+FFO[/sO +OC0) + / / F ] + CT5[(1 + oi0)fsrjL +/.] 

+ tfo l / s / ~ g ß k2 rj] —/s r] g ß k2 = 0. (44) 

We also note from (43) that the unstable density 
stratification ( ß > 0) can not be stabilized. We now 
proceed to find the growth rate of the unstable 
mode as we have done in the preceding section. We 
obtain from (44) 

da0/d/s (45) 

_ ~[(1 + y-o+1]L) al + al( \ +y.0)fjL + a0Ä-gßk2fj] 

[4öq + 3oo a' + 2o0b'+C'] 

where a ' + y.0) + rj L , 

b' = [( 1 + 3Co)/s rjL + /.], 

C' = (JsÄ-gßk2) and 

>. = {k2
xV\-g ßk2/L). 

We find that when /. > 0. the denominator of (45) is 
always positive and hence d a ^ / d f shall be positive 
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or negative according to lower or upper sign of the 
inequality 

(46) 

[(1 +*0) + ill + ffoO rjL + oo/.^g ß k2{rj). 

Hence we conclude that if A > 0, then the growth 
rate of resistive RT modes may be suppressed as 
well as enhanced with increasing relaxation fre-
quency paramete r of the suspended particles. It is 
noteworthy f rom (45) that for an infinitely con-
ducting plasma ( / / = 0 ) , d a 0 / d / s turns out to be 
always positive provided /. > 0. This again indicates 
that the finite resistivity tends to destabil ize the 
system. 

c) Dusty Plasma with Infinite Conductivity 

The present section concerns absence of a mag-
netic field and may be part icularly useful for astro-
physical plasma where the approximat ion of infinite 
conductivity is considered valid. On substi tut ing 
77 = 0 and VA = 0, we find that the dispersion relation 
(33) reduces to 

a3 + a2[v0L+fs(\ +a„)] 

+ a [v0 L / s - g ß k2/L] - f s g ß k2/L = 0. (47) 

We find that for ß < 0 a stable stratif ication 
remains stable since then (47) will not allow for any 
positive root or complex root with positive real part. 
For ß > 0 there is at least one positive real root 
leading to instability of the system. We denote this 
root by o 0 , which should satisfy 

al+al[voL+ft( 1 + a0)] 

+ CT0 [v0 Lfs - g ß k2/L] - / s g ß k2/L = 0 . (48) 

We first calculate da 0 / dv 0 and thereby examine the 

influence of the viscosity on the growth rate of the 

unstable perturbat ions. We obta in f rom (48) 

d(70/dv0 (49) 

(al L + a0 L/s) 
[3<7Q + 2 <70 fa) L + / s (1 + a0)} + (vo Lfs-gßk2/L)] 

which is positive or negative according to the upper 
or lower sign of the inequali ty 

3al + 2o0 [VQL + / s ( 1 + a0)} + v 0 L/ s %gß k2/L. (50) 

We thus infer that the k inemat ic viscosity can 
reduce as well as increase the growth rate of the 
unstable RT per turbat ions as de termined by (50). 

In order to de termine the role of the suspended 
particles in an explicit manner , we calculate da0/dfs 

f rom (48), which yields 

dao/d/s (51) 

\ - [ a l ( 1 + 3p) + cp vp L] + gßk2/L) 

~ {3al + 2<70[vo L +fs (1 + a 0)] + v0 L f s — gßk2/L] 

which is always negative if either 

g ßk2/L>3ol + 2a0[v0L+fs(\+x0)] + v0Lfs (52) 

or 

g ß k2/ L < ol{ \ + + OQVQ L ( 5 3 ) 

is satisfied. 

In the derivat ion of the above condit ions we have 
made use of the fact that a0 = ( m N / g ) , which is the 
mass concentrat ion of the dust, cannot exceed one. 
Thus we are led to conclude that the presence of 
dust always reduces the growth rate of unstable 
per turbat ions when the resistivity vanishes. A simi-
lar consequence of the presence of dust has been 
reported by Michael [10] in the context of Kelvin-
Helmhol tz instability. 

Thus we have discussed analytically the implica-
tions of s imultaneous inclusion of the finite resis-
tivity and the suspended particles on the R T in-
stability of a magnetized and viscid med ium having 
a vertical density stratification. We have found that 
the criterion of stable density stratification (ß < 0) 
remains unchanged in all the cases considered. T h e 
finite resistivity, in general, has a destabil izing 
influence on the medium. Our analysis shows that 
the longitudinal per turbat ions can be stabilized viz. 
(35 a, b), whereas the transverse per turbat ions 
always remain unstable for the case ß > 0. The 
relaxation f requency ( / s ) of the suspended particles 
can suppress the growth rate in the region (39), 
(40), and it can also enhance the growth rate under 
certain restrictions. It is worth pointing out that the 
finite resistivity plays an important role in deter-
mining these regions. The kinemat ic viscosity 
always suppresses the growth rate of unstable R T 
per turbat ions for an ideal plasma. On the o ther 
hand, it enhances the growth rate when the m e d i u m 
is considered finitely conducting. We have also seen 
that the dust tends to stabilize the dusty infinitely 
conducting plasma by reducing the growth rate of 
the unstable modes. 
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