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ABSTRACT 

 
The problem of Jeans instability of gaseous plasma in the presence 
of fine dust particles under the influence of quantum correction 
has been investigated. The equations of the problem ate stated and 
a general dispersion relation is obtained using normal mode 
analysis with the help of relevant linearized perturbation equations 
of the problem and a modified Jeans criterion of instability is 
obtained. The stability of the system is discussed by Routh-
Hurwitz criterion of stability.   
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1. INTRODUCTION 
 
 The consideration of the 
gravitational collapse of gaseous plasma can 
be regarded as a central problem in 
attempting to interpret various astrophysical 
and laboratory plasma phenomena. The self-
gravitation plays an important role in cloud 
collapse and the formation of stars. The 
gravitational instability of plasma medium 
was discovered by Jeans1. There has been 

great interest in studying the onset of 
gravitational instabilities in rotating, 
magnetized or turbulent media and these are 
discussed by Chandrashekhar2. Herrengger3 
has studied the problem of gravitational 
instability of infinitely conducting, isotropic, 
in-viscid two-component plasma with 
frictional effects of neutral and FLR 
corrections only for the transverse mod of 
propagation. He has pointed out that the 
contribution of pressure gradient of neutrals 
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and considered the densities of both neutral 
and ionized component of plasma. Chhajlani 
and Vaghela4 have studied gravitational 
stability of finitely conducting two-
component plasma considering the effects of 
neutrals gas frication, viscosity, permeability, 
porosity and magnetic field with pressure, 
viscosity and self-gravitation of neutrals. 
Prajapati et al.5 have investigated the self-
gravitational instability of rotating viscous 
Hall plasma with arbitrary heat-loss 
functions and electron inertia and found that 
the Jeans condition remains valid but the 
expression of the critical Jeans wave number 
is modified. Recently, many investigators 
have discussed the gravitational instability 
of a homogeneous plasma considering the 
effect of various parameters such as [Yang 
et al.6, Dangarh et al.7, Pensia et al.8 and 
Patidar et al.9]. 
 The physics of fine dust and its 
effect on the onset of Benard convection in 
hydrodynamics is recently studied rather 
intensively because of its importance for a 
number of applications in space plasmas, 
earth environment as well as in the 
laboratory. Sharma et al.10 investigated the 
effect of fine dust on the onset of Benard 
convection in hydromagnetics and have 
obtained that the effect of fine dust particles 
is to destabilize the layer. Sharma group,11-14 
have studied the problem of Jeans instability 
of gaseous plasma having fine dust with 
considering the effects of various 
parameters. Pensia et al.15 have studied the 
magneto-thermal instability of self-
gravitating viscous Hall plasma in the 
presence of suspended particles and found 
that the Jeans criterion is the sufficient 
condition for the instability of considered 
system of plasma in presence of suspended 
particles. 

 Recently there has been much 
interest in studying quantum plasma because 
of its importance in the stability 
investigation of disturbances propagating in 
the gaseous plasma. The quantum correction 
in gaseous plasma was first studied by 
Pines16,17. The quantum electro dynamical 
properties of non-thermal plasmas as taking 
Kinetic model have been investigated by 
Bezzerides and DuBios18. Covariant Wigner 
function description of relativistic quantum 
plasmas is given by Hakim and Heyvaerts19. 
Jeans instability of self-gravitating 
astrophysical quantum dusty plasma has 
been studied by Shukla and Stenflo20. 
Masood et al.21 have extended the above 
problem by assuming a multi-component 
self-gravitating quantum Bohm potential and 
statistical terms on electrons and ions were 
assumed. Salimullah et al.22 have 
investigated the Jeans instability of infinite 
homogeneous cold quantum dusty plasma in 
the presence of a magnetic field and 
quantum correction. 
  In the light of above studies we find 
that fine dust particles and quantum 
corrections are two important parameters to 
discuss Jeans instability of a self-gravitating 
gaseous plasma. In all the above studies, 
none of the authors have investigated the 
problem of Jeans instability of a self-
gravitating gaseous plasma with simultaneous 
effect of fine dust particles and quantum 
correction. Thus, in the present work, we 
investigated the Jeans instability of a self-
gravitating gaseous plasma in the presence 
of fine dust particles and under the influence 
of quantum correction. The result of the 
present study will help to understand the 
Interstellar medium structure. 
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2. EQUATIONS OF THE PROBLEM 
 

 Let us consider the motion of an 
infinite extending homogeneous, infinite 
conducting self gravitating viscous rotating 
gaseous plasma in the presence of suspended 
particles. If the particles are assumed to be 
of  uniform size, spherical shape and have 
small relative velocities then an extra body 
force term per unit volume ������ � ���	 is 
added to the momentum transfer equation 
for the gas as the effect of suspended 
particles on the gas, where �� the constant 
given by Stoke’s drag formula �� 
 6���, 
r being the particle radius, � is the kinetic 
viscosity of clean gas, ρ and Ν  represents 
the density of gas and the number density of 
particles, respectively. ���, and ��, denotes the 
gas and particle velocity, respectively. The 
self-gravitational attraction U and kinetic 
viscosity � are also incorporated in the 
analysis. Inter particles reactions are 
neglected as the distance between particles is 
assumed to be large as compared with their 
diameters. Because of the negligibility small 
stabilizing effect of buoyancy force for two 
free boundaries, it is excluded from the 
analysis. The electrical forces are also 
omitted from the equations. We introduced 
the quantum effects through the Bohm 
potential term in the momentum transfer 
equation. Following Haas23, we construct the 
basic set equations of the gaseous plasma In 
the presence of suspended particles using the 
QMHD model.  
 The momentum transfer equation for 
gaseous plasma having suspended particles 
is given by  

 ������ 
  ������ � ����� � ������ � ���	 

��������	 � ��
�����

�������	.    (1) 

The equation of continuity is given by  
 
��
�� � ����. ��� 
 0.       (2) 

 
Poisson’s equation for the gravitational 
potential  ��� 
 �4��.       (3) 
The gas equation is  � 
 ��.                    (4) 
 
 In writing the equation of motion for 
the particles, we neglect the buoyancy force 
as its stabilizing effect for the case of two 
free boundaries is extremely small. 
  �� 	
��

	� 
 ������� � ��	.       (5) 

 
and continuity equation for the particles 
�
�� � ����. �N��	 
 0.       (6) 

 where mN is the mass of the particles 
per unit volume. where the parameters G, p, 
T, U,  , R, ! denote the gravitational 
constant, pressure, temperature, gravitational 
potential, gas density, gas constant, and  
Plank constant divided by 2π.  
 
3.  LINEARIZED PERTURBATION  
     EQUATIONS 
 
 In the linearization, we write the 
space and time dependent physical quantities �, , ���, and U in the form of the sum of the 
equilibrium and perturbed part as  
 
p = �� +"�,       
 � � ",       � 
 �� � "�,      ��� 
 ���� � "���.    (7) 
 
 The terms with subscript ‘0’ denote 
the equilibrium part of physical quantities. 
Perturbations in fluid velocity, fluid 
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pressure, fluid density and gravitational 
potential are given as "������ , �� , ��	, δp, δρ, 
and δU, respectively. The operator #/#� is 
the substantial derivative and given as   
�
�� 
 	

	� � ����. ���.     (8) 

The linearized perturbation equation for the 
system are given as  

 �"����� 
  �����"� � ����"� � ������ � ���	 

�����v��	 � ��
�����

�������"	.     (9) 
 
��
�� � ����. ��� 
 0.     (10) 
 " 
 &�" .     (11) 
 ��"� 
 �4��".    (12) 
 '( 	

	� � 1* �� 
 ���.    (13) 

where ( 
 �
��

, and c is the velocity of sound. 

 
4.  DISPERSION RELATION 
 
 We assume that all the perturbed 
quantity very as 
 exp./�0�1 � 0�2 � 3�	4.       (14) 
 
 where 3 is the frequency of 
harmonic disturbances, kx,z, are wave 
numbers in X and Z direction, respectively, 

such that 0�� � 0�� 
 0�. For perturbation of 
the form (14), equations (9) to (12) gives 
 
����� � �� �1 �  
��� � ����

�
� � 
�� �� �

0. �� � 0. �� � 	
�


�
�1 �  �� � ��
�

���

� Ω�
�� � 0. 

      (15) 0. �� � 5�(3� � /3 '1 �  �0�( � ���
� * �

�0�6 �� � 0. �� � 07 
 0.  (16) 

0. �� � 0. �� � ����� � �� �1 �  
��� �
����

�
� � 
��     �� � 	
�


�
�1 �  �� �

��
�

���

�  Ω�
�� � 0.      (17) 

 
 Now taking the divergence of 
equation (9) using (10) to (14) we get as  0. �� � 0. �� � 0. �� � 5�/(3� �
3� '1 �  �0�( � ���

� * � /3 'Ω��( � �0� �
�����
�����

* � Ω�� � ����

�����

6 7 
 0.               (18) 

 
Equations (15)-(18) have non-trivial 
solutions. If we obtain the following matrix 
relation 9��:� 
 0.                  i, j = 1, 2, 3, 4  (19) 
where Yj is single column matrix with 
elements ;��, �� , ��, 7< and  Xij is forth 
order matrix whose elements are 

 9�� 
 5�(3� � /3 '1 � �0�( � ���
� * � �0�6.        9�� 
 0.       9�� 
 0.   

 9�� 
 ���
��

Ω�� '1 � 3( � ����

�����

*.     9�� 
 0. 9�� 
 5�(3� � /3 '1 �  �0�( � ���
� * � �0�6. 

 9�� 
 0.   9�� 
 0.    9�� 
 0.    9�� 
 0.     9�� 
 5�(3� � /3 '1 � �0�( � ���
� * � �0�6. 

 9�� 
 Ω��
���
��

'1 � 3( � ����

�����

*.   9�� 
 0.      9�� 
 0.      9�� 
 0.  
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9�� 
 5�/(3� � 3� '1 �  �0�( � ���
� * � /3 'Ω��( � �0� � �����

�����

* � Ω�� � ����

�����

6.     Ω�� 
 �0�&� � 4��	. 
 
Equation (19) has a nontrivial solution of the determinant of the square matrix should vanish, 
is to give the following dispersion relation. 
 

5�(3� � /3 '1 �  �0�( � ���
� * � �0�6� = 5�/(3� � 3� '1 �  �0�( � ���

� * �
/3 'Ω��( � �0� � �����

�����

* � Ω�� � ����

�����

6 
 0.                   (20) 

 
 
 The dispersion relation (20) shows 
the combined influence of kinematic 
viscosity, suspended particles and quantum 
correction on the self gravitational instability 
of a homogeneous gaseous plasma having 
fine dust particles. We find that in this 
dispersion relation the term due to the 
quantum correction have entered through the 
factor �!�0�/4����	 and the term due to 
the fine dust particles have entered through 
the factor (. If we ignore the effect of 
quantum correction, then (20) reduces to 
Sharma11.  
 Thus with these correlations we find 
that the dispersion relation (20) is modified 
due to the effects of quantum correction. 
This dispersion relation will be able to 
predict the complete information about the 
waves and instability of hydromagnetic fluid 
plasma considered. The above dispersion 
relation is very lengthy and to study the 
effects of each parameter we now discuss 
the dispersion relation (20) using normal 
mode analysis.  
 

 The first factor of equation (20) 
equating to zero, we obtain as  
 

��� � � �1 �  ���� � ����

�
	 � ��� 
 0.  (21) 

where > 
 /3. This dispersion relation 
shows the combined influence of kinematic 
viscosity and fine dust particles on waves 
propagating in hydro-magnetic fluid plasma. 
This dispersion relation is similar to that of 
already obtained by Sharma11. The 
dispersion relation (21) does not have a 
positive real root or a complex root whose 
real part is positive, and so the system is 
stable. The second factor of equation (20) 
equating to zero, we obtain as  
 (>� � >� '1 �  �0�( � ���

� * �
> 'Ω��( � �0� � �����

�����

* � Ω�� � ����

�����


 0. 

     (22) 
 

 This dispersion relation shows the 
combined influence of fine dust particles, 
kinematic viscosity and quantum correction 
on the self gravitational instability of 
considered plasma. Thus, this is a gravitating 
mode affected by viscosity, presence of fine 
dust particles and quantum correction. In the 
absence of quantum correction, this 
dispersion relation is similar to that already 
obtained by Sharma11. The condition of 
instability is obtained from the constant term 
of the dispersion relation, and is given by   
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0 ? 0� 
 @ ����
���� ��	�

�
�
�

�
 .    (23) 

 
 The above condition of self-
gravitational instability is independent of 
presence of fine-dust particles. This 
condition of instability is dependent of 
quantum correction. Thus the Jeans criterion 
of instability remains valid but the 
expression of the critical Jeans wave number 
is modified by considering quantum 
correction but not affected by presence of 
fine dust particles.  
 In order to discuss the dynamical 
stability of the system represented by (22) 
which is affected by the quantum correction 
and independent of presence of fine dust 
particles, we apply the Routh-Hurwitz 
criterion. According to this criterion all the 
coefficients of the polynomial equation (22) 
should be positive. In order to satisfy the 
sufficient condition, we calculate the minors 
of the Hurwitz matrix formed by these 
coefficients which are  
 ∆�
 ( '1 �  �0�( � ���

� * B 0.  

∆�
 �
� ∆� 'Ω��( � �0� � �����

�����

* B 0.     (24) 

∆�
 ∆�  'Ω�� � ����

�����

* B 0.  

 
 It is clear that all ∆′s are positive if Ω�� B 0. Therefore, the system represented 
by (22) will remain stable if condition (24) is 
satisfied.  
 
5.  CONCLUSION  
 
 In the present paper, we have 
investigated the problem of self-gravitational 

instability of an infinite homogeneous 
viscous, plasma in the presence of self fine 
dust particles under the influence of 
quantum correction. The general dispersion 
relation is obtained, which is modified due 
to the presence of these parameters. We find 
that the Jeans criterion of gravitational 
instability remains valid but the expression 
of the critical Jeans wave number is 
modified by parameter of quantum 
correction and is not affected by presence of 
fine dust particles. The stability of system is 
discussed by using Routh-Hurwitz criterion 
of stability. 
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