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The thermal instability of a layer of Rivlin-Ericksen elastico-viscous fluid acted on by a uniform 
vertical magnetic field is considered. For stationary convection, a Rivlin-Ericksen elastico-viscous 
fluid behaves like a Newtonian fluid. The magnetic field has a stabilizing effect. It is found that the 
presence of a magnetic field introduces oscillatory modes which were non-existent in its absence. The 
sufficient condition for the non-existence of overstability is also obtained. 

Introduction 

A detailed account of thermal instability of electri-
cally conduct ing fluids in the presence of a magnetic 
field has been given by C h a n d r a s e k h a r [1]. There it is 
shown that a uniform magnet ic field inhibits the onset 
of thermal convection. The thermal instability of a 
Maxwell fluid in hydromagnet ics have been studied 
by Bhatia and Steiner [2]. They have found that the 
magnetic field stabilizes a viscoelastic (Maxwell) fluid 
just as Newtonian fluids. In [3] the stability of a layer 
of an electrically conduct ing Oldroyd fluid [4], heated 
from below in the presence of a magnet ic field, has 
been studied. It was found that the magnet ic field has 
a stabilizing influence. 

There are many elastico-viscous fluids which can-
not be characterized by Maxwell 's or Oldroyd ' s con-
stitutive relations [4], e.g. the Rivlin-Ericksen fluid. 
Sharma and K u m a r [5] have studied the effect of rota-
tion on the thermal instability of that fluid. 

In the present paper we study the thermal instabil-
ity of the Rivlin-Ericksen fluid in the presence of a 
uniform magnet ic field. 

2. Description of the Problem and Dispersion Relation 

We consider an infinite hor izontal fluid layer of 
depth d, which is acted on by a uni form vertical 
magnetic field H(0 , 0, H ) and the force of gravity 
0(0, 0, — g). This layer is heated f rom below such that 

a steady downward tempera ture gradient ß ( = \ d T / 
dz I) is maintained. 

The initial state is one in which the velocity, density, 
pressure and tempera ture at any point in the fluid are 
respectively given by 

<7 = o , Q = Q(Z), p = p(z) and T = T (z). 

Let q(u,v,w), h(hx, hy, hz), ÖQ, dp and 9 denote the 
per turbat ions in velocity (0, 0, 0), magnet ic field H, 
density Q, pressure p and tempera ture T, respectively. 
Then the linearized hydromagnet ic per tu rba t ion 
equat ions (Chandrasekhar [1], Sharma and K u m a r 
[5]) are 

^ 7 = V < 5 p + V + V ' — + dt Q o V d t j Q o 

+ He 
4 7100 

(V x A) x / / , 

V q = 0, 

6 9 

— 4-(q-V)T = KS72 9, 

8 h — = (H • V)q + rjW h, 
V Ä = 0 . 

(1) 

(2) 

(3) 

(4) 

(5) 

Here we follow the analysis and nota t ions as in [5], 
analyzing the dis turbances into normal modes and 
assuming that the per turba t ion quanti t ies are of the 
form 

Reprint requests to Dr. R. C. Sharma. 

[w,0, h:] = [W(z),0(z),K(z)] 
• e x p ( i k x x + ikyy + nt). (6) 
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Equat ions ( l ) - (5) , using (6), give 

o(D2-a2)W + 
qy.d2\ , P„Hd , , y V<9- — {D —a )DK 

4 ng0v 

= (1 + F a)(D2 —a2)2 W, 

and (9) together with the boundary condit ions 
IV = D2 W = 0, 0 = 0 at z = 0, 1; we obtain 

(D2 -a2 — p2o)K = -

(D2 - a2 - Pi (7)0 = -

Hd\ 

ßd2 

DW, 

W. 

(7) 

(8) 

(9) 

qy.Ka~ 
+ — — (h+Pi^h) 

+ 

vß 

Pel 
4npriv 

(U-P2G*I5) = (\+FG)I6 (14) 

where 

Following Sharma and K u m a r [5], and assuming the 
case of two free boundaries, we obtain the dispersion 
relation 

( l + x ) ( l +x + ipla1) 
•[(\+x + ip2ol){ia1+(\+Fia1n2)(\+x)} + Q1] 

K i = 

l 
7t = § ( \ DW\2 + a2 \W\2)dz , 

0 
1 

(15) 

x ( l +x + ip2al) 

where 

gccßd* peH2 d2 

K l = 4"' = 

(11) 

V K 71 
, a2 = n2 x, -r=iol. 

4nQ0vrjn n 

12 = §( \ D 0 \ 2 + a2 \ 0 \ 2)dz , 
o 

73 = } ( | < 9 | 2 ) d z , 
o 

/ 4 = } { | ( D 2 - a 2 ) K | 2 } d z , 
0 
1 

/5 = $(\DK\2 + a2\K\2)dz, 
0 
1 

/ 6 = J ( | D2 W | 2 + 2 a21 D W|2 + a 41 W| 2) dz , 

a can be complex. Here we ^consider the overstable a n d j s t h e c o m p , e x c o n j u g a t e o f T h e i n t e g r a l s 

Il-I6 are all positive definite. Put t ing a = or + itr,- in mode, and so is real in (10). 
For the < 

reduces to 
For the case of stat ionary convection, i.e. <x = 0, (10) ( , 4 ) a n d e q u a t m g t h e r g a l a n d i m a g i n a r y p a r t s < 

obtain 

(12) qzKa 

vß 
Pel 

4 71 On V M 5- FIt 

the result obtained by Chandrasekhar [1]. 
We thus find that for s tat ionary convection the vis- a n d 

coelasticity parameter F vanishes with a and the Riv-
lin-Ericksen elastico-viscous fluid behaves like New-
tonian fluid. 

To study the effect of magnetic field, we examine the 

g hk a 

v/i 
/, - pen 

4 K On v 
L + I f 

g a k a" /y/ 
- h 7) Pi i ~t P i h - F h vß 4 71 On v 

(16) 

= 0 . 

(17) 

nature 0f obtained f rom (10). Equat ing its real l t i s e v i d e n t f r o m ^ t h a t i s P o s i t l v e o r n e g a t i v e - T h e 

d Qx 
and imaginary parts, we obtain 

dRy _ 1 -I- x 

d ö 7 = x ' 

system is therefore stable or unstable. From (17) it fol-
lows that cr, may be zero or non-zero, meaning that the 
modes may be non-oscillatory or oscillatory. The os-

(13) cillatory modes are introduced by the magnetic field. 

which is always positive. The magnetic field thus has 
a stabilizing influence. 

3. Stability of the System and Oscillatory Modes 

Multiplying (7) by W*, the complex conjugate of W, 
integrating over the range of z and making use of (8) critical Rayleigh number for the onset of instability via 

4. The Case of Overstability 

Here we discuss if instability may occur as an over-
stability. When the marginal state is oscillatory, we 
must have a r = 0, cr, =)= 0. 

Since for overstability we wish to determine the 
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a State of pure oscillations, it will suffice to find condi-
tions for which (10) admits solut ions with o x real. 

Separating the real and imaginary parts of (10) and 
eliminating between the resulting equat ions, we 
obtain 

[Pi (1 + xFn2 + pj)] a\ 

+ [a2 (1 + a F n2 + Pl) + Qx (Pl - p2)] = 0 , (18) 

where 1 + x = a. 
Since a x is real for overstability, the value of a 2 is 

positive. Equat ion (18) shows that this is impossible if 
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Pi > Pi- Therefore, the sufficient condit ion for the 
non-existence of overstability is 

P i > P 2 , (19) 

which implies that 

K < r j . (20) 

The condition k < rj is thus a sufficient condit ion for 
the non-existence of overstability, the violation of 
which does not necessarily imply occurrence of over-
stability. 
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