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ABSTRACT  6 

 The problem of magneto-gravitational instability of rotating viscous, electrical conducting medium 7 

in the presence of suspended particles is studied Incorporating, thermal conductivity, and radiative heat-8 

loss function. The Normal mode analysis is applied to derive the dispersion relation and it is discussed for 9 

wave propagation in longitudinal and transverse direction. Applying Routh-Hurwitz criterion the stability of 10 

the medium is discussed. The effect of suspended particles, magnetic field, rotation, resistivity and 11 

viscosity, Jean’s criterion determines the condition of gravitational instability of gas particle medium. From 12 

the curves, we find that the effect of suspended particles, viscosity and temperature dependent heat-loss 13 

function have a stabilizing effect while density dependent heat-loss function has a destabilizing influence 14 

on the growth rate of an instability. 15 
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1. INTRODUCTION 27 

The fragmentation of interstellar matter is a vitally important phenomenon in star formation. The 28 

gravitational instability of an infinite homogeneous self-gravitating gas was first investigated by Jeans 29 

(1902). Latter, in view of existence interstellar magnetic field Chandrasekhar (1961) has re-analyzed the 30 
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same problem. Jeans (1929) analyzed the gravitational instability in an infinite homogenous medium, 31 

which derived the expression for maximum size of a uniform gravitating mass which is stable to small 32 

fluctuations in density.  33 

In the past few years, the problem of magneto-gravitational instability of interstellar is of 34 

considerable importance in connection with protostar and star formation in magnetic dusty clouds. 35 

Magnetic field can provide pressure support and inhibit the contraction and fragmentation of interstellar 36 

clouds. Langer (1978) has investigated the stability of interstellar clouds against gravitational collapse and 37 

fragmentation in the presence of magnetic field. The problem of star formation in clouds containing 38 

magnetic field has been analyzed by Mestel and Spitzer (1956) and they have derived a stability criterion, 39 

in the form of a Jeans length for collapse based on the virial theorem. The nature of the coupling of the 40 

magnetic field to the neutrals through ion-neutral collisions has been analyzed by Spitzer (1962, 1968). A 41 

group of authors led by Sharma (1975, 1977 and 1980) has dealt with various problems of fluid dynamics 42 

in presence of suspended particles considering the effect of suspended particles on the onset of Benard 43 

convection, gravitational and magneto-gravitational instabilities of an infinite conducting homogeneous 44 

medium. Chhajlani et al. (1978) investigated the effect of finite conductivity on magneto-gravitational 45 

instability and suspended particles of a homogeneous medium. The problem of suspended particles and 46 

gravitational instability in rotating magnetized medium is investigated by Chhajlani and sanghavi (1985).  47 

Scanlon and Segel (1973) has investigated the effect of suspended particles on the instability of an 48 

infinite homogeneous gas-particle medium and further extended the problem to include the effect of a 49 

magnetic field. Sharma (1982) have incorporated Hall Current in the analysis of a self-gravitating 50 

magnetized gas-particle medium. 51 

 Along with this the rotation has also played an important role in the theory of star formation and 52 

fragmentation, of the protostellar clouds, to occur. It may be the primary cause of the same. 53 

Bondyopadhya (1972) has shown that the heating of the stellar interiors is influenced by the rotation, 54 

through damping of MHD waves. The assumption of infinite electrical conductivity for a fluid may yield 55 

serious discrepancies between theoretical predictions of idealized MHD and experiments. The problem of 56 

gravitational instability with finite conductivity, along with other parameters, has been worked out by 57 

Kossacki (1961), and Nayyar (1961). Raghavachar (1979) has studied the effect of a rotation on an 58 

unmagnetized gas-particle medium with suspended particles together with these studies.  59 

In this way, thermal and radiative effects play an important role in the stability investigations and 60 

the interstellar medium. Field (1965) suggested that the observed filamentary condensations in nebulae 61 

may be due to thermal effects. The effect of thermal conductivity on magneto-gravitational instability 62 

incorporating different parameters has been studied by several authors as Vyas and Chhajlani (1987), 63 

Chhajlani and Vaghela (1987), Vaghela and Chhajlani (1987, 1989) and Chhajlani and Parihar (1993). 64 

Aggrawal and Talwar (1969) have investigated the problems of magneto thermal instability having heat-65 

loss function. Bora and Talwar (1993) have studied the problem of thermal instability, having bearing on 66 
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the formation of astrophysical condensations for a hydromagnetic field. The thermal instability in a star-67 

gas system has been investigated by Talwar and Bora (1995). The radiative heat-loss functions are 68 

similar to those of cooling functions considered by Wolfire et al. (1995) and Shadmehri & Dib (2009) for 69 

the HII region. It leads to several important phenomena of astrophysics and space plasma physics. Kim 70 

and Narayan (2003) have investigated the thermal instability in clusters of galaxies with conduction taking 71 

on the role of the effect of radiative heat-loss function. Recently, Prajapati et al. (2010) have discussed 72 

radiative instability problem for self-gravitating rotating Hall plasma considering the effect of electron 73 

inertia, while, Kaothekar and Chhajlani (2012) corrected the radiative instability criterion with finite larmor 74 

radius corrections for non rotating viscous medium. Stiele et al. (2006) have discussed clump formation 75 

due to thermal instability in weakly ionized plasma. Inutsuka et al. (2005) have studied the propagation of 76 

shock waves into a warm neutral medium taking into account of radiative heating and cooling, thermal 77 

conduction and viscosity terms.   78 

In all the above mentioned studies none of the author considers the simultaneous effects of 79 

thermal conductivity, radiative heat-loss function, rotation, viscosity, finite electrical resistivity and 80 

suspended dust particles on magneto-gravitational instability of infinite homogeneous plasma. In view of 81 

the importance of radiative effects in astrophysical contexts, we have incorporated radiative and thermal 82 

effects in the investigation of magneto-gravitational instability of an infinite homogeneous viscous, 83 

electrical conducting and rotating plasma in the presence of suspended dust particle. This aspect forms 84 

the subject matter of the present study. Although, the present treatment is also highly idealized but 85 

nevertheless of importance as it may be helpful in gaining an insight into the phenomenon of the 86 

gravitational instability. 87 

  88 

2. EQUATION OF THE PROBLEM  89 

We consider an infinite homogeneous self-gravitating, viscous, finite electrical conducting rotating 90 

plasma, composed of gas and the suspended particles in the presence of uniform magnetic field, thermal 91 

conductivity and radiative heat-loss function. The equation of the problem, with these effect, are written as 92 

� �����
�� = −	��
 + �	��� + 

�� �∇��� × ���� × ��� + ��∇�u�� + ����v�� − u��� + 2��Ω��� × u���   (1) 93 

 ∇�� = −4!"�                            (2) 94 


�$%�

�
�� � − $

�$%�
&
'

�
�� � + �ℒ − λ∇�T = 0          (3) 95 

�'
�� + �	��. u�� = 0                                                       (4)   96 

,- �
�� + 1/ v�� = u��                  (5) 97 

 
 = �01                               (6) 98 
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23��
2� = 	�� × �v�� × ��� � + 4	����                          (7) 99 

	��. ��� = 0                                                                              (8) 100 

 where the parameters N, �, u, v, G, λ, p, T, U, R, γ, indicate the number density of particles, density 101 

of ionized component, fluid velocity, the particle velocity, gravitational constant, coefficient of thermal 102 

conductivity, fluid pressure, temperature, gravitational potential, gas constant and ratio of two specific 103 

heats, respectively. τ = m/K and mN is the mass of particles per unit volume. Operator 
�

�� is the substantial 104 

derivative given by  105 

�
�� = 2

2� +  u�� . 	��       (9) 106 

If we assume uniform particle size, spherical shape and small relative velocities between the two 107 

phases, then the net effect of particles on the gas is equivalent to an extra body force term per unit 108 

volume Ks N (v–u) and is added to the momentum transfer equation for the gas, where the constant Ks is 109 

given by Stokes’s drag formula Ks = 6��νr, r being the particle radius and ν is the kinetic viscosity of 110 

clean gas. Inter-particles relations are also ignored by assuming the distance between particles to be too 111 

large compared with their diameters. The stability of the system is investigated by writing the solutions to 112 

the full equations as initial state plus a perturbation. We neglect the buoyancy force as its stabilizing effect 113 

for the case of two free boundaries is extremely small. The initial state of the system is taken to be a 114 

quiescent layer with a uniform particle distribution. The equations thus obtained are linearized by 115 

neglecting the product of two perturbed quantities. The perturbation in fluid velocity, pressure, density, 116 

magnetic field, gravitational potential, temperature, and the heat-loss function are given as u�� (ux, uy, uz), 117 

5
, 5�, ������ (�x, �y, �z), 5�, 51 and 5ℒ respectively. The perturbation state is given as  118 

� = �6 + 5�,    
 = 
6 + 5
,   ��� = ���6 + 5B,  T = 16 + 51,     � = �6 + 5�,       119 

 u = u6+5u, (with u6 = 0),  v = v6+5v, (with v6 = 0)  ℒ = ℒ6 + 5ℒ, (with ℒ6 = 0)  (10) 120 

       Substituting equation (9) and (10) in all the above equation and then linearize them by neglecting the 121 

higher-order perturbations. Suffix ‘0’ is dropped from the equilibrium quantities.  122 

 123 

3. LINEARIZED PERTURBATION EQUATIONS:-  124 

 The linearized perturbation equations for self-gravitating viscous rotating medium in the presence 125 

of magnetic field and suspended particle incorporating thermal and electrical conductivity, and radiative 126 

effects are given as 127 

� 2����
2� = −	��5
 + �	��5� + 

�� �∇ × ������� × �6����� + ��∇�u�� + ����v�� − u��� + 2��Ω × u���   (11)  128 

∇�5� = −4!"5�                                       (12) 129 
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�$%�

2
2� 5� − $

�$%�
&
'

2
2� 5� + � 8,2ℒ

2ρ/9 δρ + ,2ℒ
2:/

ρ
δT; − λ∇�δT = 0    (13) 130 

2<'
2� = −�	��u��                                                      (14) 131 

,- 2
2� + 1/ v�� = u��                             (15) 132 

 
<&
& = <:

: + <'
'                                                        (16) 133 

23=�����
2� = 	�� × �v�� × �6����� � + 4	��                          (17) 134 

	��. ������ = 0                                                                       (18) 135 

 136 

4. DISPERSION RELATION 137 

 Let the perturbations of all quantities very as, 138 

>?
 @A�B?? + BCC + DE�F                     (19) 139 

where kx,, kz are the wave number of perturbation along the x and z axes and σ is the frequency of 140 

harmonic disturbances, such that BG� + BH� = B2 combining equation (13) and (16), we obtain the 141 

expression for  δp as 142 

5
 IJ + �K − 1� ,ℒL:'
& + MNO:

& /P = 5� IJQ� + �K − 1� ,ℒ:1 − ℒ'� + MNO:
' /P    (20) 143 

Combining equation (12) – (20) in equation (11), we may write the following algebraic equations 144 

for the amplitude components. Here ℒ'  and ℒ: 
respectively denote partial derivatives �5ℒ/δρ�: and 145 

�5ℒ/δ1�ρ of heat-loss function evaluated for the initial state. 146 

,S + NOTO
UVWNO/ uG − 2ΩHuX + YNZNO Ω9�s = 0                               (21) 147 

2ΩHuG + ,S + N\OTO
UVWNO/ uX − 2ΩGuH = 0                        (22) 148 

2ΩGuX + SuH + YN\NO Ω9�  ] = 0                                                (23) 149 

By taking the divergence of equation (11) and then combining it with equation (12) – (20), we 150 

obtain 151 

,YNZNOTO
UVWNO / uG − ^2A�BGΩH − BHΩG�_uX − �SJ + Ω:� �] = 0             (24) 152 

where ] = <'
'  is the condensation of the medium, ` = 3

���'�=/O is the Alfven velocity, ω = iσ growth rate of 153 

instability, c2 = γc’2, here c and a′�  =  �
/��/�are the adiabatic and isothermal velocities of sound. We 154 

have made following substitution  155 
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Ω9� = bUcdOVceOUVf g,  Ωi� = �B�j − 4!"�k�,   Ωl� = �B�a� − 4!"��,   Ωm = 4B�,   S = nUOVUoV NOp
UnV  156 

q = ,1 +  -B�� + rstn
' /,  j = �K − 1� ,ℒ:1 − ℒ'� + MNO:

' /,  k = �K − 1� ,ℒL:'
& + MNO:

& /     (25) 157 

Equation (22) – (24) can be written in the following from: 158 
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 (26) 159 

For a non trivial solution of the Equation (26), the determinant of the matrix on the left-hand side 160 

should vanish, leading to the characteristic equation 161 

v−S ,S + NOTO
UVcw/ ,S + N\OTO

UVcw/ �JS + Ω:� � − ,S + NOTO
UVcw/ �JS + Ω:� �4ΩG� − S�JS +162 

Ω124ΩC2−BCB2S+B2`2J+Ωx4Ω?2ΩT22B?ΩC−BCΩ?+`2J+Ωx4ΩCΩ?B?BCΩ12+2163 

B?B2ΩT2SΩCB?ΩC−BCΩ?+B?2`2J+ΩxΩT2S+BC2`2J+ΩxS+4Ω?2=0 164 

 (27) 165 

This is the general dispersion relation (27) representing an infinite homogeneous plasma 165 

influenced by the effect of thermal conductivity, radiative heat-loss functions, rotation, viscosity, and finite 166 

electrical resistivity in the presence of suspended particles and uniform magnetic field.  167 

On neglecting the effects of radiative heat loss function, thermal conductivity, and finite electrical 168 

resistivity, from above dispersion relation, we get the result of Chhajlani and Sanghavi (1985). In the 169 

absence of rotation and radiative heat-loss functions this dispersion relation reduces to Chhajlani and 170 

Parihar (1993) with Hall parameter taken as unity. Also in the absence of suspended particles and 171 

rotation this equation (27) reduces to Kaothekar and Chhajlani (2012) excluding the finite larmor radius 172 

and permeability. 173 

Thus with these corrections we find that the dispersion relation (27) is modified due the combined 174 

effects of viscosity, finite electrical resistivity, thermal conductivity, rotation, arbitrary radiative heat-loss 175 

functions and suspended particles. This dispersion relation will be able to predict the complete 176 

information about the waves and instabilities of the radiative plasma considered in the presence of 177 

suspended particles.  178 

 179 
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5. DISCUSSION 180 

We find that the general dispersion relation (27) is cumbersome for discussion; hence we shall 181 

now discuss the dispersion relation, by reducing it, for two special cases of interest. For the longitudinal 182 

and transverse mode of propagation, i. e., along the x and z axes, respectively. 183 

 184 

5.1. Longitudinal Mode of Propagation  185 

          In this case the perturbation are taken parallel to the direction of the magnetic field i.e. (kz = k, kx = 186 

0). This is the dispersion relation reduces in the simple form to give  187 

8−S�JS + Ω:� � ,S + NOTO
�UVcw�/� − 4 ,S + NOTO

�UVcw�/ �JS + Ω:� �ΩG� − 4Ω��JS + Ω:� �S +188 

4Ω?2ΩT2S+B2`2J+Ωx=0         189 

 (28) 190 
The above dispersion relation shows the combined influence of thermal conductivity, radiative 190 

heat-loss functions, self-gravitation and finite electrical resistivity on rotating viscous uniformly magnetized 191 

plasma in the presence of suspended dust particles. The above equation is identical to Bora and Talwar 192 

(1993), when the effects of suspended particles, viscosity and rotation are not considered, excluding Hall 193 

current and finite electron inertia.  194 

 195 

5.1.1. Axis of rotation parallel to the magnetic field  196 

When ΩG = 0 and ΩH = Ω, the dispersion relation (28) given as 197 

�-J� + Jq +  B����JS + Ω:� �^�J + Ωm�@�-J� + Jq +  B���� + 4ΩH��J- + 1��F +198 

`2B2J-+12+2`2B2J-+1-J2+Jq+ B2�J+Ωx=0   (29) 199 

The above dispersion relation shows the combined influence of thermal conductivity, arbitrary 200 

radiative heat-loss functions, gravitating attraction, rotating viscous plasma, uniformly magnetized, and 201 

finite electrical resistivity in the presence of suspended dust particles. This dispersion relation (29) is 202 

similar to Chhajlani and Sanghavi (1985) in the absence of radiative heat-loss function, thermal 203 

conductivity, and finite electrical resistivity. The dispersion relation (29) has three different components 204 

and our aim is to take out the physics involved in each component. So we discuss each component 205 

separately. The first component of the dispersion relation (29) gives 206 

J�- + Jq + B�� = 0                                  (30) 207 

The dispersion relation (30) represents a viscous mode combined with the effect of suspended 208 

particle which does not involve effect of rotation, gravitational attraction, radiative heat-loss function, 209 

thermal conductivity, electrical resistivity, and magnetic field. The above equation (30) is identical to 210 

equation (17) of Sharma (1977). Equation (30) does not admit any positive root or a complex whose real 211 

part is positive in this respect the system is said to be stable. It means that the viscosity of the medium 212 
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together with suspended particle maintains the equilibrium of the system. The second factor of dispersion 213 

relation (29) equating to zero and on re-substituting the values of Ω:�  and A, we obtain the thermal 214 

gravitating mode of the form 215 

J�- + Jy ,1 +  -B�� + rstn
' + -k/ + J� vB�� + ,1 +  -B�� + rstn

' / k + Ωl�τ{ +216 

J v,1 +  -B�� + rstn
' / B��k + Ωl� + Ωi�τ{ + Ωi� = 0     (31) 217 

The above dispersion relation is a radiative conduction mode influenced by self-gravitation, 218 

viscosity and suspended particles. This mode is independent of finite electrical resistivity, rotation and 219 

magnetic field. Thus the condition of radiative instability will be unaffected by the presence of these 220 

parameters in the present case. To investigate the effect of various parameters, we discuss the 221 

dispersion relation (31) by reducing it to different cases of our interest.  222 

For non-radiating (ℒ',: = 0) and thermally non-conducting, (| = 0) medium the above dispersion 223 

relation (31) reduced to   224 

Jy- + J� ,1 +  -B�� + rstn
' / + J}B�� + Ωl�τ~ + Ωl� = 0   (32) 225 

The condition of instability is Ωl� < 0, as given by Jeans. Again in the absence of suspended 226 

particle and viscosity we get the reduced form of eqution of (32) as 227 

J� + Ωl� = 0       (33) 228 

 This is the usual dispersion relation as dissuced by Chandrashekhar (1961). From the above 229 

equation again we get the The condition of instability is 230 

 Ωl� = �B�a� − 4!"�� < 0.      (34) 231 

Thus on comparing equation (32) and (33) it can be interpreted that suspended particles and 232 

viscosity does not alter the condition of instability and the Jeans criterion for gravitational instability in both 233 

cases is B < B�, where B� = �4!"�/a�, denots the critical Jeans wave number. In the absence of 234 

suspended particles, dispersion relation (31) reduces to  235 

Jy + J�^B�� + k_ + J}kB�� + Ωl�~ + Ωi� = 0.           (35) 236 

This dispersion relation (35) is identical to Kaothekar and Chhajlani (2012). From equation (35), it 237 

is clear that the system will leads to the instability, when  238 

B��K − 1� ,ℒ:1 − ℒ'� + MNO:
' / − 4!"��K − 1� ,ℒL:'

& + MNO:
& / < 0.       (36) 239 

This condition of instability (36) is same as the condition of radiative instability earlier obtained by 240 

Bora and Talwar (1993) and also Kaothekar and Chhajlani (2012). Now on comparing equation (31) and 241 

(35) we notice that in both cases the constant term is independent of the effect of suspended particles. It 242 

means that the presence of suspended particle does not contribute in the condition of instability and the 243 
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criterion of radiative instability is unaffected by the presence of suspended particles. In the absence of 244 

self-gravitation the condition of instability (36) reduces to  245 

,ℒ:1 − ℒ'� + MNO:
' / < 0.        (37) 246 

This condition of instability is identical to the condition of thermal instability obtained by Field 247 

(1965). Thus with these comparisons of equation (34), (36) and (37), we can say that the condition of 248 

radiative instability is the combination of the condition of gravitational instability given by Jeans (1902) 249 

and the condition of thermal instability given by Field (1965).  It means that the condition of radiative 250 

instability (36) is the modified condition of Gravitational instability in view of thermal and radiative effect 251 

and also the modified condition of thermal instability for self-gravitating medium.  252 

We can write the dispersion relation (31) in non dimensional form in terms of self gravitation as  253 

J�� + J�y ,
n + �̅B�� + k̅ + ��/ + J�� v��

n + p�N� O
n + k̅�� + k̅�̅B�� + �B�� − 1�{ +254 

J� v�N� O%�
n + p�N� O��

n + �B��α� − k̅�{ + �N� O��%���
n = 0                     (38) 255 

where the various non dimensional parameters are defined 256 

|̅ = ��%�9�����'
&�O ,        ℒ'��� = �$%�'ℒ��O����' ,        ℒ:���� = �$%�':ℒL&����' ,         j� = $  �ℒ:���� + |̅B��� − ℒ'���, 257 

k̅ = ℒ:���� + |̅B��,         B� = N�
����',          �� = tr

'����'        J� = U
����',        �̅ = p����'

�O ,       258 

 In fig. (1-4), we have depicted the non-dimensional growth rate versus non dimensional wave 259 

number for various arbitrary values of suspended particles, density dependent heat-loss function, 260 

viscosity, and temperature dependent heat-loss function. 261 
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 262 

 263 

Figure-1: The growth rate is plotted against the non-dimensional wave number B� with variation in 264 

the normalized values of relaxation time - = 0.0, 0.5, 1.0, 1.5 the value of other parameter are fixed �� = 265 

ℒ̅:= ℒ'̅= 0.5, and |̅ = �̅ =1.0.   266 
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 267 

 268 

Figure-2: The growth rate is plotted against the non-dimensional wave number B� with variation in 269 

the normalized values of density dependent radiative Heat-loss function ℒ'̅= 0.5, 1.0, 1.5, 2.0, the value of 270 

other parameter are fixed ℒ̅ :=  �� =  |̅ = �̅ =1.5 and - = 0.5.  271 
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 272 

 273 

Figure-3: The growth rate is plotted against the non-dimensional wave number B� with variation in 274 

the normalized values of viscosity �̅ = 0.5, 1.0, 1.5, 2.0, the value of other parameter are fixed ℒ̅ '= ℒ̅: =  275 

�� =  |̅ = 1.5 and  - = 0.5 276 
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 277 

 278 

Figure-4: The growth rate is plotted against the non-dimensional wave number B� with variation in 279 

the normalized values of temperature dependent radiative Heat-loss function ℒ̅:=0.0, 0.5, 1.0, 1.5, the 280 

value of other parameter are fixed ℒ'̅= �� = - = 0.5 and |̅ = �̅ =1.5.  281 

 282 

In Fig.-1 we have plotted for the growth rate of an unstable mode (positive imaginary root of J�)  283 

against the non-dimensional wave length B� with variation in the value of τ = (0.0, 0.5, 1.0, 1.5) with taking 284 

the values of other parameter are fixed  �� =  ℒ̅: =  ℒ'̅= 0.5, and |̅ = �̅ =1.0. We find that the growth rate of 285 

instability decreases with increase in the relaxation time τ. Hence, we can conclude that the system tends 286 

to be stabilize and maintain equlibrium in the presence of suspended particles. 287 

  288 

Fig.-2  is plotted for the growth rate of an unstable mode (positive roots  of J�) against the non-289 

dimensional wave length B� with variation in the density dependent radiative Heat-loss function ℒ̅ '= 0.5, 290 

1.0, 1.5, 2.0 with taking the value of ℒ̅ : = �� =  �̅ =|̅ = 1.5, and - = 0.5. We find that the growth rate of 291 
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instability also increases with increase in the density dependent radiative Heat-loss function ℒ'̅. Hence 292 

the the density dependent radiative Heat-loss function has a destabilizing influence on the growth rate of 293 

the instability.  294 

Fig.-3  is plotted for the growth rate of an unstable mode (positive roots  of J�) against the non-295 

dimensional wave length B� with variation in the viscosity �̅ = 0.5, 1.0, 1.5, 2.0, with taking the value of  ℒ'̅= 296 

ℒ̅: =  �� = |̅ = 1.5. and - = 0.5. We find that the growth rate of instability decreases with increase in the 297 

viscosity �̅. Hence the viscosity has a stabilizing influence on the growth rate of the instability. 298 

Fig.-4  is plotted for the growth rate of an unstable mode (positive roots  of J�) against the non-299 

dimensional wave length B� with variation in the temperature dependent radiative Heat-loss function ℒ̅ := 300 

0.5, 1.0, 1.5, 2.0 with taking the value of ℒ'̅ = �� = - = 0.5, and |̅ = �̅ = 1.5. We find that the growth rate of 301 

instability also increases with decrease in the temperature dependent radiative Heat-loss function ℒ̅:. 302 

Hence the the temperature dependent radiative Heat-loss function has a stabilizing influence on the 303 

growth rate of the instability.   304 

 305 

Now the third factor of equation (29) is equating to zero and after solving we obtain dispersion 306 

relation as 307 

J�τ� + J�^2-�Ω� + 2-q_ + J�^-�Ωm� + 4τqΩ� + 2-B�� + q� + 4τ�Ω� + 2V�B�τ�_ +308 

Jy^2-qΩm� + 4τB��Ω� + 2qB�� + 2q�Ω� + 8-Ω� + 8Ω�τ�Ω� + 2V�B��Ω�τ� + τ +309 

ξτ+J22-B2�Ωx2+q2Ωx2+4ξB2�Ωm+B2�2+4Ω21+Ωx2τ2+4Ωmτ+V4B4τ2+2V2310 

B2Ωxτ+ξ+-B2�+Ωxξτ+J2qB2�Ωx2+2ΩxB2�2+8Ω2Ωx2-+Ωx+2V4B4τ+2V2B311 

2Ωxξ+B2�+B2�Ωxτ+B2�2Ωx2+4Ωx2Ω2+V4B4+2V2B2ΩxB2�=0             312 

   (39) 313 

Equation (39) is a sixth-degree polynomial equation incorporating the simultaneous effects of 314 

viscosity, magnetic field, finite electrical conductivity, rotation and suspended particles. This dispersion 315 

relation shows the Alfven mode modifies due to these parameters. It is noted that the constant term of the 316 

equation (39) is always positive; thus there is no positive root and thereby the system is stable. In the 317 

absence of suspended particles - = 0, finite electrical conductivity Ωm = 0, equation (39) reduces to the 318 

form  319 

J� + Jy^2B��_ + J�^�B���� + 4Ω� + 2V�B�_ + J^2V�B�B��_ + V�B� = 0     (40)    320 

which has been already discussed by Chandrasekhar (1961). Thus, we find that simple Alfven 321 

mode is modified in the form of equations (39), and (40), in the presence rotation, finite electrical 322 

conductivity, viscosity and suspended particles, respectively.  Since all the coefficient of the polynomial 323 

are positive real numbers, applying necessary  condition of Hurwitz’s criterion we find that all the roots of 324 

UNDER PEER REVIEW



 

 Page 15 of 21 

above equation are either negative real complex with negative real parts. Hence all the roots correspond 325 

to stable modes. We calculate the minors and get  326 

∆=  2B�� > 0.    as   K > 1    327 

∆�=  2�B���y + 8B��Ω� + 2B��V�B� >  0.  328 

∆y = 4�B����V�B� + 16�B����V�B�Ω� > 0.  329 

∆� =  V�B�∆y> 0.  330 

These all ∆’s are positive, thereby, satisfying the Routh-Hurwitz criterion, Hence, the system 331 

expressed by equation (40) is stable if Ωl� >  0  and  Ωi� >  0. 332 

 333 

5.1.2. Axis of rotation perpendicular to the magnetic field 334 

When Ωx = Ω, and Ωz = 0 in the dispersion relation(28) gives as 335 

�-J� + Jq +  B��� 8�JS + Ω:� � ,S + NOTO
�UVcw�/� + 4Ω�D ,S + NOTO

�UVcw�/; = 0       (41) 336 

The dispersion relation (41) shows the combined influence of thermal conductivity, arbitrary 337 

radiative heat-loss functions, gravitating attraction, rotating viscous plasma, uniformly magnetized, and 338 

finite electrical resistivity in the presence of suspended dust particles. This dispersion relation (41) is the 339 

product of two independent factors. These factors show the mode of propagations incorporating different 340 

parameters as discussed below. The first factors of equation (41) is obtained  341 

�-J� + Jq +  B��� = 0            (42) 342 

This dispersion relation is same as equation (30), which has been discussed earlier. The second 343 

factor of (41) gives, on substituting the values of Ω9�  and A, the following tenth order polynomial equation 344 

J6 + J�S + J�S� + J�Sy + J�S� + J�S� + J�S� + JyS� + J�S� + JS� + S6 = 0 (43) 345 

S6 = ^Ω��@Ωm� �B���� + V�B��2ΩmB�� + V�B��F_  346 

The dispersion relations (43) are very lengthy hence its constant term of the last coefficients gives 347 

the condition of instability. It represents the effect of finite electrical resistivity, thermal conductivity, 348 

arbitrary radiative heat-loss functions, viscosity, rotation, on the self gravitational instability of 349 

homogeneous plasma with axis of rotation perpendicular to the direction of magnetic field and with 350 

longitudinal mode of propagation. The condition of instability is obtained from constant term of equation 351 

(43) and gives as 352 

Ω�� =  B�j − 4!"�k < 0.                                          (44) 353 

The above condition of instability is identical to the condition (36) we find that the condition of 354 

instability for this mode of propagations, in both the cases of rotation perpendicular and parallel to the 355 

magnetic field, is the same. It means that there is no effect of the rotation and its direction, perpendicular 356 

and parallel to the magnetic field, on the condition of radiative instability. 357 
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 358 

5.2. Transverse Propagation  359 

In this case the perturbations are taken perpendicular to the direction of the magnetic 360 

field. For, our convenience, we take kx = k, and kz = 0, the general dispersion relation (27) 361 

reduces to  362 

−�JS + Ω:� � v,S + NOTO
�UVcw�/ @S� + 4ΩG�F + 4ΩH�S{ + Ω9� v4ΩH�S +363 

B2`2J+ΩxS2+4Ω?2=0             (45) 364 

We find that for transverse mode of propagation the dispersion relation is due to the 365 

presence of magnetic field, self gravitation, thermal conductivity, arbitrary radiative heat loss 366 

function, rotation, and finite electrical resistivity on the self-gravitational instability. 367 

 368 

5.2.1. Axis of rotation along the magnetic field 369 

 When ΩG = 0 and ΩH = Ω, the dispersion relation (45) gives as 370 

S� vS�JS + Ω:� � + UNOTO
�UVcw� S + J4ΩH�{ = 0     (46) 371 

This equation represents the effect of thermal conductivity, magnetic field, radiative heat-loss 372 

function, rotation, gravitational attraction and finite electrical resistivity in the presence of suspended 373 

particles. Equation (46) has two independent factors, each representing a different mode of propagation. 374 

The first factor of equation (46) gives the following result on substituting the values of A, we get  375 

�-J� + Jq +  B��� = 0              (47) 376 

The first factor is identical to equation (30) and represents a viscous type damped mode modified 377 

due to the presence of suspended particles. 378 

The second factor of equation (46) gives the following result on substituting the values of Ω9� , and 379 

A, we get  380 

J�τ� + J�^Ω� + k-� + 2-q_ +  381 

J�}Ωmβτ� + 2-qk + 2-qΩm + 2τB�� + ξ + Ω��τ� + V�B�τ� + 4τ�Ω�~ +  382 

J�}2-qΩmβ + 2τB��k + q��β + Ω�� + Ω��τ� + V�B�τ�β + �-�k + Ω�τ� + 2τ�4Ω� +383 

V2B2τ+Ω�2-1+ξ+2τB2�Ωx+2B2�ξ+τ2ΩxΩ�2+      384 

Jy}Ωmβ�2-B�� + q�� + 2ξB���k + Ωm� + Ω�-�Ω�� + �V�B�τβ + Ω��- + τΩmΩ����1 + ξ� +385 

4Ω21+Ωxτ2β+2τβ+Ωxτ+�B2��2+V2B2+Ω�2ξ+B2�τ+  386 
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J�}2qB��Ωmβ + �B�����k + Ωm� + τΩmΩ���1 + ξ� + �4Ω���k + 2Ωmτβ + Ωm� +387 

V2B2β+Ω�2ξ+B2�τ+Ω�2Ωxξ+B2�+τΩxB2�+V2B2B2�+  388 

J}�B����Ωmβ + Ωi��Ωmξ + B�� + ΩmB��-� + Ωmβ�4Ω�� + V�B�Ω k + B��ΩmΩl�~ +389 

ΩmB��Ωi� = 0.            (48) 390 

Equation (48) represents the dispersion relation for transverse propagation through infinite 391 

homogeneous self-gravitating viscous magnetized plasma with, radiative effects, finite electrical 392 

resistivity, rotation and suspended dust particles. when Ω�� < 0, equation (48) has at least one real 393 

positive root which renders the system unstable. So the condition of instability for transverse mode of 394 

propagation is given as  395 

 ^B�j − 4!"�k_ < 0.                                    (49) 396 

This equation is same equation (36), we has been already discussed in earlier. we reduce the dispersion 397 

relation (48) for the infinitely conducting medium (Ωm = 0), we get 398 

J�τ� + J�^k-� + 2-q_ + J�}2-qk + 2τB�� + ξ + Ω��τ� + V�B�τ� + 4τ�Ω�~ + Jy}2τB��k +399 

βq2+Ω�2τ2+V2B2τ2β+-2k+2τ4Ω2+ 400 

V2B2τ+Ω�2-1+ξ+2B2�ξ+J22ξB2�k+V2B2τβ+Ω�2-1+ξ+4Ω21+2τβ+�B2��2+V2B2+Ω�2401 

ξ+B2�τ+J�B2��2k+4Ω2k+V2B2β+Ω�2ξ+B2�τ+Ω�2B2�+V2B2B2�+B2�ΩI2+V2B2k=0   402 

         (50) 403 

Equation (50) represents the dispersion relation for transverse propagating through finite 404 

homogeneous, self-gravitating, viscous magnetized, thermal conductivity, rotation, and radiative effects 405 

with suspended dust particles. In this mode constant terms of dispersion relation (48) and (50) is 406 

independent of suspended particles. Thus, we can say that the effect of suspended particles does not 407 

contribute to determine the condition of instability but it changes the growth rate of instability of the 408 

system. The condition of instability for infinitely electrical conducting medium represented by (50) in 409 

transverse mode of propagation is given as  410 

^B�j − 4!"�k + V�B�k_ < 0     (51) 411 

The above condition of instability is identical to that of obtained by Prajapati et al. (2010) for the 412 

direction of propagation, transverse to the magnetic field. The comparison equation (49) and (51) reveals 413 

that there is an in extra term, showing the effect of magnetic field, added in the condition of instability (51) 414 

for infinitely electrical conducting medium. It means that the effect of finite electrical resistivity eliminate 415 

the effect of magnetic field from the condition of instability. Again, in the absence of viscosity (� = 0) and 416 

suspended particles (- = 0), the dispersion relation (50) reduces to get 417 

J� + Jyk + J�}4Ω� + V�B� + Ω��~ + �4Ω� + V�B��k + Ω�� = 0   (52) 418 
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The constant term of the above equation leads to the condition of instability if  419 

B�j + �4Ω� + V�B� − 4!"��k < 0.  (53) 420 

And the corresponding wave number is given as  421 

B� = ¢£±^£OVt_=/O
� .       (54)  422 

 where ¥ = 8,'Oℒ�M: + ���'
 �¦O − �§cO

 �¦O / ,1 +  O
¨ �¦O/% − 'ℒLM ;.    � = v�ℒLM �¦O �!"�� − Ω��{. 423 

On comparing equation (51) and (53) we can say that the absence of viscosity parameter adds 424 

an extra term, representing the effect of rotation, in the condition of radiative instability (51). From the 425 

above equation (54) we can say that the medium is unstable for all wave number B < B�. Again we 426 

analyze that the inclusion of rotation term in equation (54) decreases the critical wave number and 427 

preserve the system stability. Thus we conclude that contribution of rotation in the condition of radiative 428 

instability is only observed when fluid is in-viscid. 429 

If we compare the condition of instability (53) with that of obtained by Bora and Talwar (1993) we 430 

see that the condition of instability is modified due to the rotation and magnetic field for in-viscid and 431 

infinitely electrical conducting plasma. The growth of instability is decreased due to magnetic field and 432 

rotation of the system in the transverse mode of propagation. Thus the effect of magnetic field and 433 

rotation is to stabilize the system. We may also compare the situation with that which obtained by Field 434 

(1965) for the case of non-gravitational condensation phenomena in astronomy. With this comparison we 435 

find that the critical wave number for self-gravitating radiating system is remarkable different from that for 436 

non-gravitating radiating system. If we ignore the effect of rotation, viscosity, finite electrical resistivity, 437 

suspended particle and self-gravitation then we obtain the modified result of Field (1965) with a magnetic 438 

field. Again the result of present work is the modified result of Chandrashekhar (1961) for gravitational 439 

instability due to our consideration of thermally conducting and radiating medium.  440 

  441 

5.2.2. Axis of rotation perpendicular to the magnetic field 442 

When Ωx = Ω, and Ωz = 0 in the dispersion relation (45) and this gives. 443 

A @A� + 4Ω�F I�JS + Ω9�� + UªO«O
�UVcw�P = 0            (55) 444 

Equation (55) represents the dispersion relation for transverse wave propagation when axis of 445 

rotation is perpendicular to magnetic field. This equation is dependent on the effect of radiative heat-loss 446 

function, self-gravitation, viscosity, finite electrical resistivity, thermal conductivity, magnetic field and 447 

rotation, in the presence of suspended dust particles. Equation (55) has three independent factors, each 448 

representing a different mode of propagation. The first factor of (55) is same as equation (30), which 449 
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shows a viscous stable mode sustain by suspended particles. The second factor of equation (55) 450 

equating to zero, gives the following result  451 

J�-� + Jy^2-q_ + J�^q� + 2-B�� + 4Ω�-�_ + J^2qB�� + 4Ω�-_ + �B���� + 4Ω� = 0    (56) 452 

This dispersion relation shows a separate rotating mode with the effect of suspended dust 453 

particle, and viscosity of the plasma medium, which is independent of thermal conductivity, finite electrical 454 

conductivity, and radiative heat loss function. This is also a stable damped mode, which represents a 455 

damping effect due to viscosity, rotation and suspended particles. The third factor of equation (55), on 456 

substituting the values of Ω9� ,  gives the following result  457 

J�- + J�^q + k + Ωm_ + Jy}B�� + q�k + Ωm� + -B�`� + -Ω�� + -Ωmk~ +458 

J�}q¬mk + B���¬m + k� + -Ω�� + Ω���1 + -Ωm� + B�`��1 + -k�~ +459 

J}B��Ωmk + Ω���1 + -Ωm� + Ω��Ωm + B�`�k~ + Ω��Ωm = 0   (57) 460 

This equation shows the effect of simultaneous inclusion of radiative heat-loss function, thermal 461 

conductivity, viscosity and finite electrical resistivity on the magneto-gravitational instability of the system 462 

in the presence of suspended particles. The constant term of this dispersion relation is the condition 463 

Ωi� <  0 is satisfied, the above equation admits at least one real positive root which leads to the instability 464 

of the system. So the condition of instability for transverse mode of propagation is given as  465 

 Ωi� = ^B�j − 4!"�k_ < 0                    (58) 466 

 This equation is same equation (36), we has been already discussed in earlier. In the absence of 467 

finite electrical resistivity (Ωm = 0), and suspended particles (- = 0) the system leads to the condition of 468 

instability when 469 

^B�j − 4!"�k + V�B�k_ < 0     (59) 470 

and the expression for critical wave number is given as  471 

2 ,1 +  O
O/ B��� =   ®I���'

�O + 'Oℒ�M: − 'ℒLM ,1 +  O
O/P  ± ¯°���'

�O + 'Oℒ�M: −472 

�ℒ1|1+v2c22+16!"�2ℒ1|a21+v2c212    (60) 473 

 This condition of instability (59) is same as equation (51), for transverse mode of propagation with 474 

axis of rotation is parallel to the magnetic field. Here we observe that a magnetic field has a stabilizing 475 

role in the transverse mode of propagation; the above parameters remarkably influence the growth in this 476 

mode of propagation. In the case of longitudinal mode of propagation, there is no effect of the magnetic 477 

field on the thermal mode. Thus, the magnetic field has no influence on the growth in the longitudinal 478 

mode of propagation but in the case of transverse mode of propagation, the magnetic field plays its role in 479 
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the growth rate of the instability due to the presence in various coefficients in the dispersion relation. 480 

Again it is noted that in the transverse direction of propagation, rotation has a stabilizing influence on the 481 

growth rate of instability. In the transverse direction of propagation with axis of rotation is parallel to the 482 

magnetic field, radiative instability criteria is modified due to rotation for in-viscid fluid while in direction of 483 

rotation perpendicular to the magnetic field, rotation does not affect the instability criterion and affect the 484 

growth rate by showing separate mode in the dispersion relation.  485 

  486 

6. CONCLUSION 487 

 To consider the main features of the present problem, we examine the self-gravitational instability 488 

of partially-ionized plasma under the influence of finite electrical resistivity, thermal conductivity, radiative 489 

heat-loss functions, magnetic field and suspended particles. The general dispersion relation is obtained, 490 

which is modified due to the presence of these parameters. This dispersion relation is reduced for 491 

longitudinal and transverse modes of propagation. We conclude that the condition of radiative instability 492 

remains valid but the expression of the critical wave number is modified. From the inequality of instability 493 

we see that magnetic field and rotation affect the critical Jeans wave number in transverse mode of 494 

propagation but do not affect the criterion of instabilities in longitudinal mode of propagation. 495 

In the case of longitudinal propagation we obtain Alfven mode modified by the viscosity, electrical 496 

resistivity and rotation in the presence of suspended particles. The thermal conductivity has a 497 

destabilizing influence. We find that the condition of instability is unaffected by the presence of magnetic 498 

field, rotation, electrical resistivity in the presence of suspended particles and remain same as previous 499 

result. From the curves, it is also found that the density dependent heat-loss function has a destabilizing 500 

influence while temperature dependent heat-loss function has a stabilizing influence on the instability of 501 

the system. Also the viscosity and the presence of suspended particles stabilize the system. 502 

In the transverse mode of propagation, we find a gravitating thermal mode influenced by thermal 503 

conductivity and arbitrary radiative heat-loss functions. We also found the condition of instability and the 504 

expression of critical Jeans wave number both are modified due to the presence of magnetic field, 505 

rotation, thermal conductivity and arbitrary radiative heat-loss function. The effect of rotation modifies the 506 

condition of instability for rotation parallel to the magnetic field when fluid is in-viscid and for rotation 507 

perpendicular to the magnetic field, it does not affect instability criterion. 508 

 509 
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