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Abstract

The stability of a homogeneous fluid medium has been investigated by Jeans
(1902). Chandrasekhar (1981) made several extensions. Recently Radwan (2001)
developed the Magnetogravitational stability of fluid medium. In these work, we
study the Gravitational stability of rotating streaming fluid medium pervaded by
general magnetic field . We found the streaming is destabilizing. The
electromagnetic force has strong stabilizing effect the present model but the
rotating forces are destabilizing according to restrictions. The selfgravitating force
is stabilizing or not according to restrictions. The selfgravitating Jean's instability
criterion is not affected by the influences of the different parameters of the
problem specifically by the rotation. This work has many application in Applied
Physics.
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1. Introduction

Jeans (1902) study the stability of self gravitating homogeneous gas
medium and write down about its applications in astrophysics. The selfgravitating
fluid medium becomes unstable with respect to small perturbations if the related
wavelength exceeds certain value. In this case the gravitational force overpowers
the pressure gradient and the instability sets in. This process clearly plays a basic
role in the initial stage of a stellar cluster formation from fragmentation of
interstellar matter. It is found that the model is unstable under the restriction

2 2

called after Jeans by Jeans criterion, where k is the net wave number of the
propagating wave, c¢ is a sound speed in the fluid of density ppand G is the
selfgravitational constant. Chandrasekhar and Fermi (1953) and later on
Chandrasekhar (1961) have extended such studies and other different cases upon
considering several effective factors. The Jeans model of pure selfgravitational
medium has been modified upon taking streams of variable velocity distribution
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by Sengar (1981). According to such bases which are suggested by Sengar (1981),
the Magnetogravitational stability of fluid medium has been documented by
Radwan and Elazab (), see also Radwan and Hendi (2001, cf. Chandrasekhar and
Fermi (1953) and Vaghela &Chhajlani (1989).

2. Formulation of the problem

We consider selfgravitational unbounded magnetized fluid is assumed to be
homogeneous, non-viscous and incompressible. The model is acting upon the
force (i) selfgravitating force, (ii) electromagnetic force, (iii) the pressure gradient
force, (iv) the force due to rotation. We use the Cartesian coordinates (X, y, z) in
discussing the present problem. Under the present circumstances, the basic
equations which are required for investigating such kind of study are given as
follows:

p(%w-v)z:u(vAE)AEH?VV—VP—%O(QAQ)

(2)

oH
2 T w.V)H =(H.V)u—-H(Vu)+u(V.H) (3)

t
0 4), (5)
a—p+V.(pg):0, V.H =0

t

5 . (6), (7)
VV=-4rGp, P=kp
with the differential operator ®), ©

9y uv=4 v=(2, 2 2 ’
o dt ox 0oy oz
Here p,u and P are the fluid mass density, velocity vector and kinetic pressure
and H are the magnetic field intensity while coefficient V and G are the
selfgravitational potential and constant Q is the angular velocity of rotation, &
and I" are constants where I" is the polytropic exponent. Equation (2) is the vector
MHD equation of motion, equation (3) the evolution equation of the magnetic
field, equation (4) the continuity equation in its general for, equation (5) is the
conservation of flux, equation (6) is the selfgravitating equation and equation (7)
is the equation of the polytropic of state which is a relation between the pressure
P and density p .
we assume that the medium
(1) Pervaded by the two dimensions homogeneous magnetic field
ﬂ() = (O s OaH()z)

(i1) rotates with the general uniform angular velocity (10)
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(iii) posses streams moving in the x-direction with speed
uy=U(2),0,0)

(12)
Varying along the z-direction of the Cartesian coordinates (X, y, z).
3. Perturbation Technique
Let the initial state be perturbed, then for a small departure from the initial
state, every varying physical quantity O could be expressed as
0=00+0| +eoovvrnn. |01 << 0y
(13)

where O stands for p,u,P, H andV . Based on the expansion (13), the
perturbation equations could be obtained from (2)—(7) in the form:

ou
p(a;t1 +(ugVuy + Wy VYug=pu(VAH)ANHy + pgVV, = VB =2py(Q Auy)

(14)

OH ,
—=VAwu AH)+V A(us A H
o (uy AHy) (ug ANHy) as)

0
% + (uog.V)p + po(Vauy) + pr (V) + (u,.V) py =0

(16)
dP, d
V.H, =0, VI, =—47xGp, , F_ 24P (17)-(19)
dt dt
where ¢ (=+/(TRy/pg)) is a sound speed in the fluid. For the perturbation
state, we use the components of #;and H ;in the form (20)
21)

21 :(ua v, W)
ﬂ] :(hxahyahz)

By utilizing (20) and (21) together with the postulates (10)—(12) the linearized
system of equation (14)—(19) may be expressed in the form
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ou ou dU,. OP 0
—+Uy—+w =—=2 —h
Pl T T g )T g
oV,
+ poa—xl —2ppQ w+2pyQ_v
ov ov, OR 0 0
—+Uy—)=——u—Hyh,)— u—(Hyh
Po(at Oax) Py May( ) Max( ohy)
+P0%—2POQZU
Oy
ow ow, OP, 0 0
4+ Uy—)=—L—u—(Hyh)— u—(Hyh
Pol oyt U0 g = ~Hg, o) —hip (Hok:)
o
+ Po—+2po2 u
Po P Po y
ahx+UOahx:hsz0—H0(@+a—W)
ot ox dz oy Oz
oh 0
—y+U0—y—H0@
ot ox ox
8hz_+(]08h2 }{Ogig
ot ox ox
%4_[]0%: po[a_u+@+a_w]
ot ox ox 0y oz
oh
6hx+ y+8hZ:0
ox Oy Oz
2 2 2
g Zl+a Zl+a ?:—471Gp1
Ox oy 0z
N v, B Py, P
ot ox ot ox
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(22)

(23)

(24)

(25)

(26)

27)

(28)

(29)

(30)

(1)

office@multidisciplinarywulfenia.org



WULFENIA

OURNAL s .
F\Il acenruRT, aUsTrs | I 195X:1561-852X Vol 21, No. 12;Dec 2014

4. Eigenvalue Relation

We consider applying sinusoidal wave upon the fluid medium.
Consequently, from the viewpoint of the stability approaches given by
Chandrasekhar (1961), we assume that the time-space dependence of the wave
propagation of the form

expli(kyx+k,y+k,z+ot)] (32)

Here ky, k), and k, are the components of the wave number vector k£ while o is

the oscillating frequency of the assuming wave. From the viewpoint of the time-
space dependence (32), the linearized perturbation equations(22)-(31) could be
written as follow

npou + powDU =—ik,c; p = 2iuH ok h,
+ik, poly +2peQ,w —=2ppQ2.v (33)
npov =—ik,c; py —iulkh, +k,h)H, (34)
+ik, poVy + 20082, u
npgw=—ik,c; py —iu(k h, +k.h)H,

(35)
+ ik, poVy = 2o 2 u
nh, =it (kv +k,w)+h DU, (36)
nh, =ik H,v (37)
y 0 (38)
nh, =ik H,w
I (39)
py =—ipg(ku +k,v+k w)
ik h + ik b, +ik_h, =0 (40
K2V, = 472G p, (41)
where (42)
k22k5+k)2}+k22, k:(kx’ kyakz)
g (43)
n=i(c+k,Up), D=—
dz

The homogeneous linear system of equations (33)---(41) could be arranged in the
matrix form
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lag [ |=0 (44)

With taking into account that equation (40) of the conservation of flux is
identically satisfied for whatever magnetic field.
The elements a;; of the matrix [a,-jJ are given in Appendix A while the element of

the column of the matrix [ij are being u, v, w, hx,hy, h,,p and V7.

For non-trivial solution of the equations (44) setting the determinant of the
matrix [a,-jJ equal to zero, we obtain the following eigenvalue relation

Arn + Agn® + Asn® + Agn* + A3n> + Ayn® + Ain+ Ay =0 (45)

5. Discussions

Equation (45) is the desired stability criterion of a self gravitational rotating
magnetized streaming fluid medium. Since the relation (45) is some what more
general, some previously publishing results may be obtained as limiting cases
from (45).

In absence of the rotation and electromagnetic force (Q =0, H ; = 0) equation
(45) yields
K2 + k2 (k2e? —4n G po)n—k ok, (k*c? =47 G py)DUy =0
This relation coincides with the dispersion relation, of pure self gravitational fluid
medium streams with variable streams (U (z),0, 0)

(46)

Derived by Sengar (1981). The analytical discussions of the relation (46) reveal
that there must be at least one positive root

n; >0 47)

From which we deduce that the streaming medium is unstable. This shows that
the streaming motion has a destabilizing influence.

If Q=0,H,=0and Uy =0, equation (45) reduces to

48
62=47er0—k202 (45)

This gives the same results given by Chandrasekhar (1961). For more details
concerning the oscillation of this case, we may refer to the results obtained by
Chandrasekhar (1961).

As Q=0,Hy=0,G=0 andU, =0, the relation (45) reduces to that derived by

Jeans (1902) .
In absence of the magnetic field and we assume that the fluid medium is
stationary (H , =0andU = 0), equation (45) degenerates part is to a somewhat

cumbersome relation. The purpose of the present part is to determine the influence
of rotation on the Jean's criterion (48) of a uniform streaming fluid. So in order to
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carry out and to discuss such state, we put k, = ky =0 and H =0, equation
(45), at once, yields
n* +(4nGpg— k2 — 40 m? + 402 (Pk2 - 41 G py) =0 (49)

where
_ 2 2
Q—1/(92+Qy (50)

is the net of rotating angular velocity . Equation (49) indicates that there must be
two modes in which a wave can be propagated in the medium . If the roots of

(49) are supposed to be n12 and n% , then we have

2 2 2,2 2 2 2 2 2,2
ni +ny =ck; +4Q° -4xGpog, ni ny =4Q°(ck: — 4n G
[ +n; z Po 1" z(c7k; Po) (51)-(52)

And we may show that both the roots n12 and n% are real. Therefore, if the Jean's
restriction (1) is valid then the discussions of equation (50) reveal that one of the

two roots n12 or n% must be negative and this means that the model is unstable.

This means that under the Jean's restriction, the self gravitational rotating fluid
medium is unstable. This shows that the Jean's criterion for a self gravitational
medium is unaffected by the influence of the uniform rotation.

In order to determine the effect of the MHD force on the instability of a self
gravitational streaming fluid medium, we use the relation (45) with
Q=0,k, =0,4=0 and ky:0 where

n*+ An* +B=0 (53)
A=4nGpy— k2 —uHk? [py . B=(uHk? [py)(c*k? — 47 Gpy)
H{ = H,

(54)-(56)

Again as in the previous case of rotation, we have here also two modes of wave

propagation. If n12 and n% are the roots of the quadratic equation (53) in n? , then
we must get

nf +n3 = k2 4z Gpy + uHEk? [ po (57)
nind = (uHZk? | po)(c*k? — 47 Gpy) (58)

By comparing (51) &(52) with (57) and (58), we see that 407 is replaced by

( /,zH(%kzz / Po) - Following the same analysis of the rotating case we conclude that

Jean's self gravitational instability restriction of a streaming fluid medium is not
influenced by the electromagnetic force.
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In similar way, we found that the resistively has the tendency of stabilizing the
magnetized fluid medium and also that of viscosity.

In order to identify the combined effect of the electromagnetic and rotation
forces, for simplicity put &k, =0, k), =0 and A4 =0 equation (45) becomes with

l’l6 — Ell’l4 + Ezl’l2 — E3 =0 (59)

E, =407 +2,uH§Zk22/p0 +2,uH5yk22/p0 +c*k? — 47 Gp, (60)

Ey =(*K* — 4w Gpy)(4Q2 + uHi.k2 [ po) + MO\ HHGKS [ po = QA uH k2 [ py 1
(#H(%zkzz/Po)[#ngkzz/Po + #Hgykzz//?o +c’k* —4mGpy] (61)

Ey= i (H3K2 [p) (PKP —4rGpy), Q=02 +Q? (62). (63)

Equation (59) is of sixth order equation in n, so there are three modes for which
sinusoidal wave propagated in the fluid medium, say »; ,n, and n3. Then

nf+n3+ni=E ,  nfn3n} =Ey = (uHg.k2 [p)ck* 472G py)
(64), (65)

In view of (65) ( as (1) is satisfied ) we see that one of the three roots is negative
then the model will be unstable with respect to one of the three modes.

We conclude that Jean's self gravitational restriction of a streaming medium is
not affected by the combined influence of the electromagnetic and rotational
forces.
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APPENDIX
The elements a; (=1,2,....... 8 and j=1,2,....... 8) of the matrix I_al-jJin equation

(5.44) of the linear algebraic equations (5.33)-(5.41) are being

ay, = (npy + A(k; = k%)), @, =(2peQ, + Akeiky), a3 =(pgDUg =2p2), + Ak k)
ayy =ip(k Hy) , a5 =0, g =ik uHy, ay; =ik,C?, ag =—=ipok,

ay = (Akck, =2poQ.), ay =(npy + Mki —k%)  an=(2pQ, + Ak k), ayy =0
ays =ik, Hy) , aye=iu(k,Hy) ,a;7 :ikyCZ, ayg =—ipok,,

a3 =(2pQ, + 2k, k,). ax, =(Akk.), asy=(npy+Ak; —k?)), a3y =0

ass =0, a3 =iu(2k Hy), ay=ik,C*, ay=—ipk,

ay =ik Hy , asp =0, ay3=0,a4=-n, a45=0, a;s=DUy ,a47 =0, a,3=0

as; =0, asy =ik Hy, as3=0, asy;=0, ass=-n, ass=0, as; =0, as3 =0

ag) =—ik, H , ag = —ikyHO, ag3 =0, agy =0, ags =0, ags=n, ag; =0, a4, =0

ag =ipoky, az =ipok,, az3 =ipok,, a4 =0, a75 =0, az6 =0, az; =n, azg =0

2
agy :O, dgy :0,6183 :0,6184 :0, dags :0, Aage :0, agy :—47TG, agg =k

334 office@multidisciplinarywulfenia.org



