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ABSTRACT 
 
The instability problem of magnetorotatory thermosolutal convection of the Veronis and Stern type is examined 
taking in to account the Dufour effect. Semi-circle theorems are derived, that prescribe upper limits for complex 
growth rate of oscillatory motions of  neutral or growing amplitude in such a manner that it naturally culminates in 
sufficient conditions precluding the non- existence of such motions for an initially bottom heavy as well as an 
initially top heavy configurations. Further, results for Dufour-driven thermosolutal convection problems with or 
without the individual effects of a rotation or magnetic field follow as a consequence. 
 
Keywords: Dufour-driven thermosolutal convection; Rayliegh numbers; Lewis numbers;  Prandtl numbers; Taylor 
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INTRODUCTION 
 

The stability properties of binary fluids are quite different from pure fluids because of Soret and Dufour effects [1, 
2]. An externally imposed temperature gradient produces a chemical potential gradient and the phenomenon known 
as the Soret effect, arises when the mass flux contains a term that depends upon the temperature gradient. The 
analogous effect that arises from a concentration gradient dependent term in the heat flux is called the Dufour effect. 
Although it is clear that the themosolutal and Soret-Dufour problems are quite closely related, their relationship has 
never been carefully elucidated. They are in fact, formally identical and this is done by means of a linear 
transformation that takes the equations and boundary conditions for the latter problem into those for the former. [3] 
have studied the comparison between experimental results and theoretical prediction using Flory’s theory for binary 
liquid mixtures and  have calculated u.s.velocity in mixture at temperature 303.15K of molecules of different 
assigned shapes and a good agreement between experiment and theory has been observed. The effects of flow 
parameters on the velocity field, temperature field and concentration distribution have been studied by [4] and 
results are presented graphically and discussed quantitatively on the problem of viscous dissipation effects on 
unsteady free convection and mass transfer flow past an accelerated vertical porous plate with suction. [5] have 
investigated the problem on hydromagnetic natural convection flow of an incompressible viscoelastic fluid between 
two infinite vertical moving and oscillating parallel plates. 
 
Two fundamental configurations have been studied in the context of thermosolutal instability problem, the first one 
by [6] wherein the temperature gradient is stabilizing and the concentration gradient is destabilizing and the second 
one by [7] wherin the temperature gradient is destabilizing and the concentration gradient is stabilizing. The main 
results derived by  Stern and Veronis for their respective configurations are that both allow  the occurrence of a 
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stationary pattern of motions or oscillatory motions of growing amplitude provided the destabilizing concentration 
gradient or the temperature gradient is sufficiently large. However, stationary pattern of motion is the preferred 
mode of setting instability in case of Stern’ configuration whereas oscillatory motions of growing amplitude are 
preferred in Veronis configuration. Further, these results are independent of the initially gravitationally stable or 
unstable character of the two configurations. In view of the above discussion, thermosolutal configurations of 
Veronis and Stern types can therefore be further classified into the following two classes: 
 
 The first class in which thermosolutal instability manifests itself when the total density field is initially bottom 
heavy and 
(i) The second class in which thermosolutal instability manifests itself when the total density field is initially top 
heavy. 
 
[8] has derived a characterization theorem for Dufour-driven thermosolutal convection problem of Veroins type that 
disapproves the existence of oscillatory motions growing amplitude in an initially bottom heavy configuration if 

(i) 1≤
σ
τ

   and 

(ii) 

( )

BR
RS γ

τ
σ
τπ

3

4 1127 −






 +
≤ ,where SRandRB ,,,,, 3γστ  respectively denote the Lewis number, the 

thermal Prandtl number, the Dufour number, the ratio of solute gradient to temperature gradient, and, the 
concentration Rayliegh number. The restriction (i) in the above results may be physically justifiable in certain 
situations, however, it is not mathematically palpable. Further, the sufficient character of condition (ii) coupled with 
the nature of their mathematical analysis strongly suggest the possibility of the derivation of an upper bound for the 
modulus of the complex growth rate of an arbitrary oscillatory perturbation which may be neutral or unstable that 
will automatically take care of condition (ii) and yield the above results  without the restriction (i) and will also be 
uniformly applicable for an initially bottom heavy as well as an initially top heavy configurations.   
 
Motivated by these considerations, the present paper investigates the combined effect of rotation and magnetic field 
on Dufour-driven thermosolutal convection problems of the Veronis and Stern type and derives semi -circle 
theorems that prescribe upper limits for the complex growth rate of oscillatory motions of neutral or growing 
amplitude in such a manner that. it naturally culminates in sufficient conditions precluding the non- existence of 
such motions for initially bottom heavy as well as top heavy configurations.. Further, results for Dufour-driven 
thermosolutal convection problems with or without the individual effects of a rotation or a magnetic field follow as a 
consequence. 

 
2. Mathematical Formulation and Analysis 
The relevant governing non-dimensional linearized perturbation equations of Dufour-driven thermosolutal 
convection of the Veronis’ type in the presence of a uniform vertical rotation and magnetic field with slight change 
in notations are [8,9] 

( ) ( ) zST haDQDTDaRaRw
p

aDaD 22222222 −−+−=






 −−− ζφθ
σ

 , (2.1) 

( ) ( ) waDRpaD −=−+−− φγθ 22
3

22   , (2.2) 

( )[ ] wpaD −=−− φτ 22 , (2.3) 

Dwh
p

aD z −=






 −−
σ
σ 122   , (2.4) 

ξζ
σ

QDDw
p

aD −−=






 −− 22   , (2.5) 

and 
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ζξ
σ
σ

D
p

aD −=






 −− 122 , (2.6) 

where ,,0,and0,
44

β
ββ

κυ
βαβ

κυ
αβ ′

=>′′′
=>= R

dg
R

dg
R sT  

and ,, 0101









= tcoefficienDufourthecalledis

C

D

C

D

νν κ
γ  

with 

ξ=ζ===φ=θ== DDwhw z0  at z = 0 and z = 1.  (2.7) 

                 (both boundaries rigid and perfectly conducting) 

In the above equations z is the real independent variable such that 10 ≤≤ z , 
dz

d
D = is the differentiation with 

respect to z ,  a2 > 0 is a constant, 0>σ  is a constant,    01 >σ  is a constant, τ > 0 is a constant , 0>γ is a 

constant, RT and SR  are positive constants, T > 0 is a constant, Q > 0 is a constant, p = pr + i pi is a complex 

constant and as a consequence the dependent variables ( ) ( ) ( ),ziwzwzw ir +=  ( ) ( ) ( )zizz ir θ+θ=θ , 

( ) ( ) ( )zizz ir φ+φ=φ  ( )
ir zzz ihhzh += , ( ) ( ) ( ) ( ) ( ) ( )zizzzizz irir ξ+ξ=ξζ+ζ=ζ and  are complex 

valued functions of real variable z.  The meaning of symbols from the physical point of view are as follows: z  is the 

vertical coordinate, 
dz

d
 is the differentiation along the vertical direction, a2 is the square of the wave number, σ is 

the Prandtl number, σ1 is the magnetic Prandtl number, τ is the Lewis number , γ  is here referred to as Dufour 

number, RT is the thermal Rayleigh number, SR  is the concentration Rayleigh number, T is the Taylor number, Q is 

the Chandrasekhar number, p is the complex growth rate, w is the vertical velocity, θ is the temperature, φ is the 
concentration, hz is the vertical magnetic field, ζ  is the vertical vorticity, and ξ  is the vertical current density. 

 
The system of equations (2.1-2.6) together with the boundary conditions (2.7) constitute an eigen value problem for 

complex growth rate  ir ippp += for given values of the other parameters , namely, 

,
2 ,, TRa σ τσ andTQRS 1, ,,  and a given state of the system is stable, neutral or unstable according as rp  is 

negative, zero or positive. Further, 

(a) 00 ≥≠ ri pandp describe oscillatory motions of neutral or growing amplitude;  

(b) 0>R 0000 ====> TorQorTQeitherandRand S  respectively describe Dufour-       driven 

Veronis thermosolutal configuration (DDVTC) or rotatory DDVTC or         hydromagnetic DDVTC; 

(c) 00 << ST RandR  and either Q = 0= T  or Q = 0 or T = 0 respectively describe Dufour-       driven Stern 

thermosolutal configuration (DDSTC) or rotatory DDSTC or hydromagnetic         DDSTC; 

(d ) 












≤=Γ≤=Γ 1ˆ1
T

S

S

T

R

R

R

R
 describes an initially bottom heavy DDVTC (DDSTC) and 

(e) ( )1ˆ1 ≥Γ≥Γ  describes an top heavy DDVTC (DDSTC).  

Finally, if  ,2,00 app ir ∀=⇒=  then the principle of exchange of stabilities is valid, otherwise we have 

overstability at least when instability sets in as certain modes. 
We now prove the following theorems: 
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Theorem 1 (A semi-circle theorem for Dufour-driven magnetorotatory Veronis thermosolutal convection)  

 If ( ) irirz ppippphwp ,0,,,,,,,, ≥+=ξζφθ 0≠  , is  a nontrivial solution of the equations (2.1-2.7),and 

,00,0,0,0 ≥≥>>> TandQRR ST γ then 

( )( ) 1
114

` 2
2

2

−
−+Π

ΒΓ
< λ

τδ
γRR

p S , 

where ( ) ( ) 24 1271

4

Β+Π−
Γ=

δτ
γλ RRS ,









= 1,
1,

min
1σσ

τδ  and 
S

T

R

R
=Γ . 

 
Proof:   Using the transformations 


















=

=

=

=
=

+−=

ξξ
ζζ

φφ

φθ
γ
τθ

~
and

ˆ

~

~
ˆ

1ˆ

zz hh

ww

R

, (2.10) 

equations (2.1)-(2.8) assume the following forms  
 

( ) ( ) zsT haDQDTDaRaRw
p

aDaD 22222222 −−+′−′=






 −−− ζφθ
σ

, (2.11) 

( ) BwpaD −=−− θ22   , (2.12) 

τ
φτ

wpaD −=




 −− 22   , (2.13) 

Dwh
p

aD z −=








σ
σ−− 122   , (2.14) 

DwQD
p

aD −ξ−=ζ








σ
−− 22   , (2.15) 

and 

ζ−=ξ








σ
σ−− D

p
aD 122    , (2.16) 

with 

ξζφθ DDwhw z ======= 0  at z = 0 and z = 1,  

 
(both boundaries rigid and perfectly conducting) (2.17) 
 

where ( )τ
γ

−
=′

1

RR
R T

T ( )1<τ  ,
′+=′

TSS RRR ,
( )[ ]

γ
τ

R
B

−+= 11
, and the sign ‘~’ has been omitted for 

simplicity. 
Multiplying equation (2.11) by w* (* indicates complex conjugation) throughout, integrating the resulting equation 
over the vertical range of z and utilizing (2.12-2.16),we get 
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( ) ( )

( ) dzh
p

aDhaDQ

dz
p

aDaRdzpaD
B

aR
wdz

p
aDaDw

zz

S
T

*
1

0

12222

1

0

22
1

0

2
1

0

22
2

2222*

*

*
*

**

∫

∫∫ ∫







 −−−+








 −−′−−−
′

+






 −−−

σ
σ

φ
τ

φτθθ
σ

  

0**
*1

0

1

0

12222 =






 −−−






 −−− ∫ ∫ dz
p

aDQTdz
p

aDT ξ
σ
σξζ

σ
ζ

  (2.18) 
 
Integrating the various terms of equations (2.18) by parts for an appropriate number of times and making use of the 
boundary conditions (2.17)), it follows that  

( ) ( )dzaDaRdzwaDw
p

dzwaDwawD S ∫∫∫ +′+++




 ++

1

0

2222
1

0

222
1

0

242222 2 φφτ
σ  

( ) ( ) ( ) ( )

( ) 0
***

*

1

0

21
1

0

2
1

0

1

0

2
2

2221

1

0

1

0

1

0

22222
21

0

222222
1

0

222

=++−++

′++
′

−++++−+

∫∫∫ ∫

∫ ∫ ∫∫∫

dz
pQT

dz
pT

dz
B

paR
dzhaDh

Qp

dzpaRaD
B

aR
dzaDTdzaDQThaDQ

T
zz

S
T

z

ξ
σ
σζ

σ
θ

σ
σ

φθθζζξξ

  
                                                                                                                                   (2.19)           
 

Equating the real and imaginary parts of (2.19) to zero and canceling )0( ≠ip  throughout from the imaginary part, 

we get 

( )

( ) ( )

( ) ( )

( ) 0

)(

2

1

0

1

0

1

0

1

0

21

0

122
2

222122

1

0

222
21

0

222

1

0

222
1

0

22
1

0

2222

1

0

222
1

0

242222

=













++

′
−++′+

++
′

−++

++−++′+

++




 ++

∫ ∫ ∫ ∫ ∫

∫∫

∫∫∫

∫∫

dz
TQ

dz
T

dz
B

aR
dzhaDh

Q
dzaRp

dzaD
B

aR
dzaDT

dzaDQTdzhaDQdzaDaR

dzwaDw
p

dzwaDwawD

T
zzSr

T

zS

r

ξ
σ
σζ

σ
θ

σ
σφ

θθζζ

ξξφφτ

σ

 
 (2.20) 

and 
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( ) ( )

( ) ∫∫

∫∫ ∫∫

=+−

′
++−′−+

0

1

21
1

0

2

1

0

2
21

0

222122
1

0

222

dz
QT

dz
T

dz
B

aR
dzhaDh

Q
dzaRdzwaDw T

zzs

ξ
σ

σζ
σ

θ
σ
σφ

σ
 

 (2.21) 

Multiplying equation (2.21) by rp  and adding the resulting equation to (2.20), we obtain 

( ) ( )dzaDaRdzQTdzwaDw
p

waD S
r ∫∫∫∫ +′++++−

1

0

2222
1

0

2

1

1

0

222
1

0

222 2
)( φφτξσ

σ
 

+ ( ) ( ) ( )∫ ∫ ∫ ++++−
1

0

1

0

1

0

222222222 dzaDTdzaDQTdzhaDQ z ζζξξ  

( ) 0
1

0

222
2

=+
′

− ∫ dzaD
B

aRT θθ                                                                                  (2.22) 

 

We first note that, since ζφθ and,,, zhw  satisfy ( ) ( ) ( ) ( )100,100 θ==θ== ww , 

( ) ( ) ( ) ( )100,100 zz hh ==φ==φ  and ( ) ( )100 ζ==ζ , we have by [10] 

,
1

0

22
1

0

2

∫∫ π≥ dzwdzDw  (2.23) 

,
1

0

22
1

0

2

∫∫ θπ≥θ dzdzD  (2.24) 

,
1

0

22
1

0

2

∫∫ φπ≥φ dzdzD  (2.25) 

∫∫ π≥
1

0

22
1

0

2
dzhdzDh zz   , (2.26) 

and 

.
1

0

22
1

0

2

∫∫ ζπ≥ζ dzdzD  (2.27) 

Further, 

∫∫

∫ ∫ ∫

≤≤

−≤−=

1

0

2*
1

0

2*

1

0

1

0

1

0

2*2*2

dzwDwdzwDw

wdzDwwdzDwdzDw

 

2
1

1

0

22
2

1
1

0

2
1

0

2





















≤≤ ∫∫∫ dzwDdzwdzwDw   

(utilizing Schwartz inequality) 
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2
1

1

0

22
2

1
1

0

21

















π
≤ ∫∫ dzwDdzDw ,  

So that we have 

∫∫∫ π≥π≥
1

0

24
1

0

22
1

0

22 dzwdzDwdzwD . (2.28) 

(using 2.23) 
Therefore by utilizing inequalities (2.23) and (2.28), we obtain 

( ) ∫∫ +π≥




 ++

1

0

2222
1

0

222422 2 dzwadzDwawawD . (2.29) 

Further, (2.12) implies that 
 

( )[ ] ( )[ ]***
1

* 22
1

0

22
1

0

1

0
2

2 θθθθ paDpaD
B

dzwwdzw −−−−== ∫∫ ∫  

 

                                 = ( ) ( )











+++− ∫∫ ∫

1

0

22
1

0

222222
2

2
1 θθθθ paDpaD

B
r     

                                                                                                                                                          (2.30) 
  

Second, since ,0≥rp  therefore it follows from (2.30) that 

∫ ∫ ∫ 







+−≥

1

0

1

0

1

0

22222
2

2
)(

1
dzpdzaD

B
dzw θθ , 

 (2.31)   
And 
 

∫ ∫ −>
1

0

1

0

222
2

2
)(

1
dzaD

B
dzw θ                                                                                              (2.32) 

 
Also, emulating the derivation of inequality (2.28) and (2.29), we have 

( ) ( ) ∫∫ ∫ +≥




 ++=−

1

0

2222
1

0

1

0

242222222 2 dzadzaDaDdzaD θπθθθθ                (2.33) 

 
Combining inequalities (2.31) and (2.33), we obtain 

{ }∫∫ ++≥
1

0

2
1

0

2222
2

2
)(

1
dzpa

B
dzw θπ                                                                              (2.34)                                                                   

Again 

∫ ∫∫ 



















=

1

0

2

1
1

0

2
2

1
1

0

22
wdzwdzw         
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              ( ) ( ) ( ) .1
1 2

1
1

0

2
2

1
1

0

222
2

1

222

2

2
22

















−












+
++> ∫∫ θθ

π
π aD

a

p

B
a   

                                                                         [Using (2.32) and (2.34)] 

                 
( )

( ) ( ) dzaD
a

p

B

a
∫ −−













+
++≥

1

0

22
2

1

22

2

2

22

*1 θθ
π

π
 

                                                                      [Using Schwartz inequality] 

              = ( ) ( )dzaD
a

p

B

a
∫ +













+
++ 1

0

222
2

1

222

2

2

22

1
)( θθ

π
π

                                            (2.35) 

 
Using inequality (2.29) in the first integral, inequalities (2.23)-(2.27) and (2.35) in (2.22) and utilizing the fact 

that 0≥rp , we get 

( ) ( ) ( ) ( )∫ ∫∫ ++++′++
1

0

1

0

222222
1

0

2222222 dzhaDhaQdzaaRdzwa zzS πφπτπ  

                                  ( ) dzaT ∫++
1

0

222 ζπ  

                                  < ( ) ( ) ∫












+
+

+

′ 1

0

2
2

1

22

2

222

2

1 dzw
a

p

aB

aRT

ππ
                                             (2.36) 

 
Equation (2.21) upon using (2.23) yields the following inequalities 

( ) ( )∫ ∫∫ ∫ −+−+>′ 1

0

1

0

2222
1

0

1

0

12
22

22 dz
T

dzhaDh
Q

dzw
a

dzaR zzS ζ
σσ

σ
σ

πφ  

                                                                                                                                                           (2.37) 

( ) ( )
∫ ∫ ∫ ∫−

′
−+>+

1

0

1

0

1

0

1

0

22

1

2
2

22
222

dz
T

dz
aR

dzw
a

dzhaDhQ S
zz ζ

σ
φ

σ
σ

σ
π

 

                                                                                                                                                            (2.38) 
and 

2ζT > ( ) ( )∫ ∫ ∫
′−+−+

1

0

1

0

1

0

22222

1

222 dzaRdzhaDhQdzwa Szz φσσπ  

                                                                                                            (2.39) 
Inequality (2.36) coupled with each of the inequalities (2.37)-(2.39) yields the following inequalities respectively: 

( ) ( ) ( ) ( ) dzaTdzhaDhaQdzwa zz ∫∫ ∫ 






 −+++






 −++






 ++
1

0

2
1

0

1

0

222221222222 111 ζ
σ
τπ

σ
τσπ

σ
τπ  

                                       <( ) ( ) ∫












+
+

+

′ 1

0

2
2

1

222

2

222

2

1 dzw
a

p

Ba

aRT

ππ
                                       (2.40) 
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( ) ( ) ( ) ∫∫ ∫ 







−++








−+′+








++

1

0

2

1

22

21

0

1

01

2222

1

222 1
1

1
1 dzaTdzaaRdzwa S ζ

σ
πφ

σ
στπ

σ
π  

                                        <( ) ( ) ∫












+
+

+

′ 1

0

2
2

1

222

2

222

2

1 dzw
a

p

Ba

aRT

ππ
                                  (2.41)                            

and 

( ) ( )( ) ( ) ( )( )∫ ∫ ∫−+′++−+++
1

0

1

0

1

0

2222222

1
222222 12 dzaaRdzhaDhaQdzwa Szz φστπσππ  

                                        <( ) ( ) ∫












+
+

+

′ 1

0

2
2

1

222

2

222

2

1 dzw
a

p

Ba

aRT

ππ
                                       (2.42) 

Now, if 







= 1,

1
,min

1σσ
τδ , then depending on the value of δ ,exactly one of the inequalities (2.40)-(2.42) will 

imply that 

( ) ∫ <++
1

0

2222)1( dzwaπδ ( ) ( ) ∫












+
+

+

′ 1

0

2
2

1

222

2

222

2

1 dzw
a

p

Ba

aRT

ππ
.                               (2.43) 

Since the minimum value of 
2

322 )(

a

a+π
with respect to 

4

27 4
2 π

isa , it therefore follows from inequality (2.43) 

that 

4

27 4π ( )2)1 Bδ+ ( ) ( ) ( )τ
γ

τ
γ

π −
Γ

=
−

=′<












+
+

11
1

2

1

222

2
RRRR

R
a

p
ST

T                                      (2.44) 

 Inequality (2.44) implies that 

              ( ) 1222 −+< λπ ap   ,                                                                                             (2.45) 

where ( ) ( ) ( ) ( ) 








+−
Γ

=
+−

=
2424 1271

4

1271

4

B

RR

B

RR ST

δπτ
γ

δπτ
γλ  

 
Further, it follows from inequality (2.43) that 

( )( ) ( )
ST RR

RBa

aa Γ=<+++
γ

δππ
22

22222 1
                                                                              (2.46) 

Since the minimum value of 
2

222 )(

a

a+π
with respect to 22 4πisa , therefore it follows from inequality (2.46) 

that 

( ) ( )( )τδπ
γπ
−+

Γ
<+

114 2

2
22 RBR

a S                                                                                                    (2.47) 

 
Combining inequalities (2.45) and (2.47), we finally get 
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<p ( )( ) 1
114

2
2

2

−
−+

Γ λ
τδπ

γRBRS . 

This completes the proof of the theorem. 
 
Theorem  1, from the point of view of hydrodynamic stability theory, may be stated as: the complex growth rate 

ir ippp +=  of an arbitrary oscillatory perturbation of neutral or growing  amplitude in Dufour-driven 

magnetorotatory thermosolutal instability of Veronis’ type lies inside a semicircle in the right half of the ir pp -

plane whose centre is at the origin and whose radius is 

( )( ) 1
114

2
2

2

−
−+

Γ λ
τδπ

γRBRS = ( )( ) 1
114

2
2

2

−
−+

λ
τδπ

γRBRT . This result is uniformly valid for an initially top 

heavy as well as initially bottom heavy configuration. 
 
Corollary 1: If, ( ) ,0,,,,,,, , ≠+= iirz pippphwp ξζφθ is a non trivial solution of equations (2.11)-(2.17) and  

( )( )
.0,

4

1127
0,0

24

<+−<Γ>> r
S

ST pthen
RR

B
andRR

γ
δτπ

 

 
Proof: Follows from theorem 1. 
Cor. 1 implies that oscillatory motions of growing amplitude are not allowed in Dufour –driven magnetorotatory 
thermosolutal instability of Veronis’ type if the initial stability parameter Γ  does not exceed the 

value
( )( )

γ
δτπ

RR

B

S4

1127 24 +−
. Further, this result is uniformly valid for initially top heavy as well as initially 

bottom heavy configuration. 
 
Remarks: The following remarks, now, deserve attention: 
(a) If 

≤<< ST RR0
( )( )

γ
δτπ

R

B

4

1127 24 +−
and 0≠ip , then cor.1 implies that 0<rp . 

(b) If 

≤< TR0
( )( )

γ
δτπ

R

B

4

1127 24 +−
< SR  and 0≠ip ,even then cor.1 implies that 0<rp  

 
It is easy to see that 

(i) andVTCtichydromagnedrivenDufourforiiDDVTCfor ,
1

,min)(,
1

−







==

σσ
τδ

σ
τδ  

(iii) 






= 1,min
σ
τδ  for Dufour-driven rotatory VTC. Consequently, the characterization theorem of [8] can easily 

be averred from (a). 
 

Theorem 2 (A Semi-circle theorem for Dufour-driven magnetorotatory Stern thermosolutal convection): 
If ( ) ,0,0,,,,,,, ≠≥+= irirz ppippphwp ξζφθ  is a non trivial solution of equations (2.11)-(2.17) 

and thenRR ST ,0,0 <<  
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                     <p  ( ) 1ˆ
ˆ14

)
1

ˆ(
2

2
−

+
−

+Γ
λ

δπ
τ
γ

TR
R

     , 

( )
( )τδπ

τ
γ

λ
ˆ127

1
ˆ4

ˆ
4 +










−
+Γ

=
TR

R

,








= 1,
1,1

minˆ
1σσ

δ
T

S

R

R
=Γ̂ . 

 
 

Proof: Replacing ,ST RandR by - ST RandR −  respectively in equation (2.11) and proceeding exactly as in 

theorem 1, mutatis mutandis, we get the desired result. 
 

Corollary 2: If, ( ) ,0,,,,,,, , ≠+= iirz pippphwp ξζφθ is a nontrivial solution of equations(2.11)-(2.17) and  

( ) ( )
.0,

4

1

4ˆ127
ˆ0,0

4

<



















−
−+

<Γ<< r
T

ST pthen
R

R

andRR
τ
γδτπ

 

 
Proof: Follows from Theorem 2. 
The essential contents of Theorem 2 and cor.2 from the point of view of hydrodynamic stability are similar to those 
of Theorem 1. However now they pertain this time to Dufour -driven magnetorotatory thermosolutal instability of 
Stern type .Further remarks similar to those after cor.1 hold here also. To be specific, cor. 2 implies that: 
 
(a) If 

≤<< TS RR0

( ) ( )
4

1

4ˆ127 4

τ
γδτπ

−
−+ R

and 0≠ip , then 0<rp . 

(b) If 

≤≤< TS RR0
( ) ( )

4
1
4ˆ127 4

τ
γδτπ

−
−+ R

< TR  and 0≠ip , even then 0<rp . 

 
Further, it is easy to see that 

(i) andSTCtichydromagnedrivenDufourforiiSTCDDfor ,
1

,
1

minˆ)(,
1ˆ

1

−







==

σσ
δ

σ
δ  

(iii) 






= 1,
1

minˆ
σ

δ  for Dufour–driven rotatory STC. Consequently, one can easily write down from cor.2 the 

characterization theorem for DDSTC with or without the individual effects of a rotation and a magnetic field. 
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