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Introduction

The stability of a fluid cylinder under the action of the capillary or/and other forces has
received the attention of several researchers (Rayleigh [1], Yuen [2], Nayfeh and Hassan
[3] and Kakutani et al. [4]. The effect of the electromagnetic Lorentz force on the capillary
instability has been examined in several texts by the Nobel prize winner (1986) Chan-
drasekhar [5]. This has been done only for small axisymmetric perturbation and with a
constant magnetic field. Radwan et al. [6—10] extended such interesting works by study-
ing the magnetohydrodynamic stability of a liquid jet embedded into a tenuous medium
for all axisymmetric and non-axisymmetric modes of perturbation. The stability of differ-
ent cylindrical models under the action of self-gravitating force in addition to other forces
has been elaborated by Radwan and Hasan [9] and [10]. They [9] studied the gravitational
stability of a fluid cylinder under transverse time-dependent electric field for axisymmet-
ric perturbations. Hasan [11] discussed the stability of oscillating streaming fluid cylinder
subject to the combined effect of the capillary, self-gravitating, and electrodynamic forces
for all axisymmetric and non-axisymmetric perturbation modes. He [12] studied the insta-
bility of a full fluid cylinder surrounded by self-gravitating tenuous medium pervaded by
transverse varying electric field under the combined effect of the capillary, self-gravitating,
and electric forces for all modes of perturbations. In [13] Hasan et al. investigated the hy-

dromagntic stability of a self-gravitational oscillating streaming fluid jet pervaded by az-
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imuthal varying magnetic field for all axisymmetric and non-axisymmetric modes of per-
turbation. He [14] discussed the stability of oscillating streaming self-gravitating dielectric
incompressible fluid cylinder surrounded by tenuous medium of negligible motion per-
vaded by transverse varying electric field for all modes of perturbations. He [15] studied
the magnetodynamic stability of a fluid jet pervaded by a transverse varying magnetic field
while its surrounding tenuous medium is penetrated by uniform magnetic field.

The present work is devoted to studying the magnetogravitodynamic stability of a
streaming fluid cylinder and examining the influence of capillary and magnetic forces on
the self-gravitating instability of the present models. This may be carried out, for all ax-
isymmetric and non-axisymmetric modes of perturbation, analytically and the results will
be verified numerically.

1 Formulation of the problem

We consider a uniform cylinder of an incompressible inviscid fluid of radius R, sur-
rounded by a tenuous medium of negligible motion. In the initial unperturbed state, the
model is assumed to be streaming uniformly with velocities

Uy = (O! W, u) (1)
and pervaded internally and externally by the magnetic fields
ﬂo = (Or O;HO), ﬂgx = (0; 0,0[H0). (2)

Here W and U are (constants) the speed of the fluid, Hy is the intensity of the magnetic
field in the fluid, and o is some parameter. The components of uy, Hy, H§" are consid-
ered along the cylindrical coordinates (r, ¢, z) with the z-axis coinciding with the axis of
the cylinder as shown in Figure 1. The fluid matter of the cylinder is acted upon by the
combined effects of the self-gravitating, inertial, capillary, and magnetic forces. The sur-
rounding tenuous medium of the fluid cylinder is acted upon by the self-gravitating and
magnetic forces only.

Figure 1 Sketch for a gravitational MHD fluid H,=(0,0,H,)
cylinder.

Hy=(0,0,aH, )

Fluid Cylinder 7
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The required basic equations for such kind of study may be obtained by combining the
ordinary hydrodynamic equations and those of Maxwell’s concerning the electromagnetic
field theory together with Newtonian gravitational field equations.

For the problem at hand, under the present circumstances, these equations are the fol-
lowing.

For the fluid, we have

p|:a—2+(E-Vg):|=—VP+,0VV+(£)(V/\E)AH’ ®)
ot 4

Vou-o, (4)
v H-o, (5)
88—]7—1:V/\(Z/\];1); ©
V2V = —47pG. @)

The curvature pressure due to the capillary force is

P =T(V-N,) (8)
with

N, = VF/|VF|, ©)
where

F(r,0,2) =0 (10)

is the boundary surface equation at time ¢, while N, is a unit outward vector normal to
the surface, T is surface tension, and P; is pressure due to curvature.
For the surrounding tenuous medium, the basic equations are

V-H*=0, (11)
VAH® =0, (12)
Vive = 0. (13)

Here p, 1, and P are the fluid mass density, velocity vector, and kinetic pressure, respec-
tively; Hy, H" are the magnetic field intensities and V, V** are self-gravitating potentials,
respectively, inside and outside the fluid cylinder, u is the magnetic field permeability co-
efficient and G is the gravitational constant.

2 Unperturbed state
The unperturbed state is studied and the fundamental quantities of such state could be
obtained. Equation (1) together with equation (3) gives

pVVy—VPy + (ﬁ)(ﬂo : V)ﬂo - (%)V(ﬂo 'ﬂo) =0, (14)

from which, taking into account equation (5), we obtain V(pV, — Py — (ﬁ)Hé) =0.
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By integrating this equation, we get
Po=pVo- (i)Hg G (15)
8w

where C is a constant of integration to be determined.
The surface pressure due to the capillary force (¢f. Chandrasekhar [5]) is given by

Pys = T/Ry. (16)
The self-gravitating potentials V, and Vi of the unperturbed state satisfy

VAVEF = —4npG, 17)

VAVE = 0. (18)

The non-singular solutions of equations (17) and (18) in the cylindrical coordinates
(r, ¢, z) with cylindrical symmetries (%) =0and (%) =0 are given by

Vo = —nGpr? + Cy, (19)
Vet =Cylnr + Cs, (20)
where C;, Cy, and Cs are constants of integration to be determined. By applying the con-
ditions that the self-gravitational potential V" and its derivative must be continuous across

the unperturbed boundary surface at r = Ry and choosing C; = 0 since the potential inside
the cylinder is zero, we get

Cy = -27GpR3, (21)

C3 = - GpR3 + 21 GpR3 Inr. (22)
Therefore,

Vo = -t GpR3, (23)

V§' = - GpRy (1 +21n(r/Ro)). (24)

Moreover, by applying the condition that the total pressure must be balanced across the
boundary surface at r = Ry, the distribution of the fluid pressure in the unperturbed state
is given by

T
2= () +n60* @)+ (o JHee 1), 29

0
It is worth noting that in the absence of surface tension at the boundary surface

a>0, (26)
in order that

P=>0. (27)
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3 Perturbation analysis
We consider small departures from an unperturbed right-cylindrical shape of an incom-
pressible fluid. Therefore a normal mode can be expressed uniquely in terms of the de-

formed surface. Hence we may assume that the deformed interface is described by
r=Ry+e(®)R; +--- (28)
with
R, = exp(i(kz + m<p)). (29)

Here R; is the elevation of the surface wave measured from the unperturbed position,
k (real number) is the longitudinal wave number, m (integer) is the transverse wave num-
ber. The amplitude &(¢) of the perturbation is given by

e(t) = ggexp(ot), (30)

where g¢ (= € at ¢ = 0) is the initial amplitude and o is the temporal amplification. If o (= iw,
i = /-1) is imaginary, then /27 is the oscillation frequency of the propagating wave in
the fluid.

As the initial streaming state is perturbed, every physical quantity Q(r,¢,z;t) may be
expanded as

Q(r,¢,2,t) = Qo(r) + Qu(r, ¢, 2, t). (31)

Here Q stands for P, u, V, V**, H, H*, and N; while Q, indicates the unperturbed quantity
and Q; is a small increment of Q due to disturbances.
In view of the expansion (31), the basic equations of motion (3)-(13) in the perturbation

state give

ou 1%
p(a;rl + (g - Vzl)) =-VP +pVVi + (E)Ui" -V)H,

"

- <§)V(2I;[0 “H,y), (32)
v : Zl = 0: (33)
V-H, =0, (34)

OH
(%) - o 90 -y 911, 5)
ViV, =0, (36)
_T ale 2 82R1

ne (|0 (5) (5} e
V-H* =0, (38)
V AHT =0, (39)

V2V =0, (40)
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where equations (33) and (34) have been used to obtain equation (35). Based on the linear
perturbation technique, the linearized quantity Q;(r, ¢,z; £) may be expressed as

Qu(r,¢,z:t) = soqu(r) exp (o't + i(kz + mg)). (41)

By means of the expansion (41), equations (36) and (40) give the second-order ordinary
differential equation

() -

where ¢, (r) stands for V;(r) and V{*(r). The solution of equation (42) is given in terms of

the ordinary Bessel functions of imaginary argument. For the problem under considera-
tion, apart from the singular solution, the solutions of equations (36) and (40) are finally

given by
Vi = oAl (kr)exp(at + i(kz + mg)), (43)
Vi* = g0BK,y(kr) exp(ot + i(kz + mp)). (44)

Here I,,(kr) and K, (kr) are the modified Bessel functions of the first and second kind of
order m, while A and B are constants of integration to be determined.
Using the space-time dependence (41) for equation (32), we get
(o +imW + ikU)u, — (ink/4mp)HoH, = -VII; (45)
with

Also, equation (35) yields

_ ikH() u (47)
o +imW + ikl )=~

I

By combining equations (45) and (47), we get

( —(o +imW + ikU) )VH (48)
u = ,
= (o +imW +ikU)* + Q2) !
where
szz 1/2
Q= <“4np°) (49)

is the Alfven wave frequency defined in terms of Hy.
By taking the divergence of both sides of equation (48) and using equation (33), we ob-
tain

V21, = 0. (50)
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Using the space dependence (41) for equation (50) and following similar steps for the re-
sulting differential equation as has already been done for equations (36) and (40), the
solution of equation (50) could be obtained. Therefore, the non-singular solution for
I1,(r, ¢, z; t) is given by

M = Cagolu(kr) exp(ot + i(kz + my)), (51)

where C, is a constant of integration to be determined.
The pressure surface P in the perturbed state due to the capillary force is determined

from equation (37) along with (29) in the form

-T .
Py = (R_%> (1- m* - xz) exp(ot + i(kz + mg)), (52)
where x (= kRp) is the dimensionless longitudinal wavenumber.

Now, equation (34) means that the magnetic field intensity H{* in the perturbed state
may be derived from a scalar function, y* say, such that

fo — wax' (53)
By combining equations (38) and (53), we get
V2 = 0. (54)

Similarly, as it has been done for equation (50), equation (54) is solved and its finite solu-

tion is given by
% = CseoKn(kr) exp(ot + i(kz + mga)), (55)

where Cs is a constant of integration to be determined upon applying boundary condi-
tions.

4 Boundary conditions
The solution of the basic equations (3)-(13) in the unperturbed state given by (23)-(25)
together with (1), (2) and (6) and in the perturbed state given by (43)-(55) must satisfy
appropriate boundary conditions. These boundary conditions must be applied across the
perturbed interface (28) at the unperturbed boundary surface r = Ry.
Under the present circumstances, these boundary conditions may be stated as follows.
(i) Self-gravitating conditions.
The gravitational potential and its derivative must be continuous across the perturbed

fluid interface (28) at the unperturbed boundary r = Ry. These conditions at r = R, read

3V, Jve
ViR — ) = v+ Ry —2 ), (56)
or or

vy 3?Vy Ve V"
— ) +R =(——)+R . 57
<8r>+ 1( ar? ) ( ar ) T o (57)
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By substituting from equations (23), (24), (29), (43) and (44) into the conditions (56) and

(57), we get
Alm(x) = BI(m(x); (58)
AKI,(x) = BKK],(x) + 47 Gp, (59)

from which we obtain

A =47 pGRK,,(x), (60)

B =47pGRolL,(x), (61)

where x (= kRy) is the dimensionless longitudinal wave number.

(ii) Kinematic condition.

The normal component of the velocity vector u must be compatible with the velocity of
the particles of the boundary surface (28) at the unperturbed surface r = R,. This condition

reads

0R; R, W &

=— — . 62

= e T % T By 62)
Using equations (29), (48) and (51) for the condition (62), we obtain

Cs=(~(o +imW + ikU)? + Qi)(RO/xI:W(x)). (63)

(ili) Magnetodynamic condition.
The jump of the normal component of the magnetic field vanishes across the fluid per-

turbed interface at r = Ry. This means that

N;-H-N;-H* =0 atr=R,, (64)

from which we obtain
H,, - H} = ikRiHy(1 - o). (65)

Therefore, upon using equations (47), (48), (51), (53), and (55) for (65), we get

i H,
Cs = 200 (66)
K}, (x)

5 Dispersion relation
Here we apply a compatibility condition known as the compatibility dynamical condition.
The normal component of the velocity vector u must be compatible with the velocity of

the particles of the boundary surface (24) at the unperturbed surface » = Ry.
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Mathematically, this condition could be given as

0Py p 1z
Py +R1W + E(ﬂo -H)) - E(]io -H )" =Py (67)

This may be rewritten, on using equation (46), in the form

® ex _p 0P
p(My+ Vi) = Pos+ - —(Hy - H)) —Rla—j. (68)

By substituting from equations (2), (25), (29), (43), (51)-(55), (63), (64), and (66) into
the condition (68), the following dispersion relation is obtained:

. . I (%) 1 T 1, (x)
(o +imW + ikU)?* = 47TG,Ox[m(;; [Im(x)l(m(x) - §:| + p—R(g)(l -’ _"2)xlm(;;
WH? s X (WK () }
" (4npR2) [‘ L(®)K,(x) | (©)

6 Limiting cases

The relation (69) is the desired stability criterion of a streaming fluid cylinder under the
combined effects of the capillary, inertia, self-gravitating, and magnetic forces. It is a linear
combination of the dispersion relations of a streaming fluid cylinder under the influence
of the self-gravitating force only, fluid cylinder under the effects of the capillary force only
and the one under the electromagnetic force only.

It contains the natural quantity (7'/ ,oRg)’% as well as (,qu/ém,oR%)’% together with
(4r G,o)‘% , each as a unit of time. In reality the latter quantities are very interesting and
have very important task as we intend to rewrite the relation (69) in a dimensionless form
because ¢ has a unit of (time)™'. This situation is exactly the same as the following cases
of Chandrasekhar [5] which were performed for axisymmetric (m = 0) perturbation of
nonstreaming fluid cylinder:

(T=0,G#0,Hy#0), (T+#0,G=0,Hy#0) and (T #0,G+0,H,=0).

The relation (69) relates the temporal amplification ¢ with the longitudinal wave num-
ber x; the modified Bessel functions I,,,(x) and K;,,(x) of the first and second kind of order m
and with their derivatives, the magnetic field parameter «, the self-gravitating constant G,
the basic magnetic field intensity Hy, the fluid density p, the radius Ry of the cylinder and
with the coefficient u of the magnetic permeability.

Since the stability criterion (69) is a general relation, we may obtain several published
works as limiting cases from it.

Some approximations (¢ =0, Hy =0, U =0, W =0, T = 0 and m = 0) are required for

equation (69) to yield
1 1
o’ =47Gp 9;01((;)) [Io(x)Ko(x) - E:|’ Iy (x) = L(x), (70)

which is the same dispersion relation as that derived by Chandrasekhar and Fermi [16].
In fact, the authors [16] used a totally different method compared to the one used here.
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They used the method of representing solenoidal vectors in terms of poloidal and toroidal

quantities.
If we suppose that (¢ =0, Hy =0, U =0, W =0, G = 0 and m = 0), the relation (69)
yields
T «I
o’ = _3x 1) (1-#%). (71)
PRy Io(x)

This relation coincides with that derived regarding the capillary instability of a full liquid
jet in a vacuum by Rayleigh [1].
If we suppose that (¢ =1, U =0, W =0, T = 0 and m = 0), the relation (69) reduces to

T (%) 17 wpH? 221 (%) Ko (%)
2 47 Gp N LK) — = | + PO | _y2 X AR 72
o= amG Ty WKW S o | k@) L
from which we obtain
I (x) 1 WH? x
2 4 Gp Y L oK) — = |+ B0 73
7GR T [N S R ek 73
where use has been made of the Wronskian
LK (x) = I (%) K, () = —x7* (74)

for m = 0. The relation (73) was established by Chandrasekhar [5] for axisymmetric dis-
turbances.

7 Stability discussions

7.1 Capillary instability

In the absence of the magnetic field, we assume that the streaming fluid is acted upon only
by the capillary force. In such a case, the dispersion relation of this model is given from
the relation (69) in the form

T x11 (x)

o +imW +ikl)? = — ==
( ) PR3 Io(x)

1-m?-5?). (75)
By using the fact, for each non-zero real value of x and m > 0, that

Iu(x) > 0, (76)

I (x)>0, (77)

the analytical and numerical discussions of the relation (76) reveal the following results.
In the computer for different values of M and different cases of UI" and W".
In the most important sausage mode m = 0.
The dimensionless dispersion relation is

(0 +imW +ikU)*  «I,(x)

4w Gp T L) 78)

[Im(x)Km(x) - %] +M|:(1 i _xz)xl;,(x)]r

I, (x)
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Figure 2 Stable and unstable domains for y =0, U" = W"* = 0.2.

where

Mo T U - —ikU W - —imW
L 4nGp2R3) | L @nGp)2 ] | (@ Gp) 2 |

The numerical data associated with o /(4w Gp)% correspond to the unstable states, while
those associated with w/(47 G,o)% correspond to the stable domains. It has been found
that there are many features of interest in this numerical analysis as we see in the follow-
ing.

(i) For M = 0.5,1.0,1.5,2.5,3.0, 3.5, see Figure 2.

Corresponding to U” = W = 0.2. It has been found that the unstable domains are

0<x<0.65432, 0 <x<0.5451, 0<x<0.4542,

0 <x<0.3541, 0<x<0.3643, and 0<x<0.3752,
while the neighboring stable domains are

0.65432 <x < 00, 0.5451 <x < 00, 0.4542 <x < o0,

0.3541 <x < 00, 0.3643 <x<oo, and 0.3752 <x< o0,

where the equalities correspond to the marginal stability states.
(i) For M = 0.5,1.0,1.5,2.5,3.0,3.5, see Figure 3.
Corresponding to " = W = 0.5. It has been found that the unstable domains are

0<x<0.6542, 0 <x<0.5451, 0<x<0.4543,

0<x<0.3542, 0<x<0.3455, and 0<x<0.3342,
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Figure 4 Stable domains fory =0, U" = W" =0.2.

while the neighboring stable domains are

0.6542 <x < 00,

0.3542 < x < 00,

0.5451 <«

0.3655 <x

< 00, 0.4543 <x < 00,

<00, and 0.3842 <x< o0,

where the equalities correspond to the marginal stability states.
(iii) For M = 3.6,4.0,4.5,5.0,5.5, 6.0, see Figure 4.
Corresponding to ' = W = 0.2. It has been found that stable domains are 0 < x < co.
(iv) For M = 3.6,4.0,4.5,5.0,5.5, 6.0, see Figure 5.

Corresponding to U =W’ =0.5. It has been found that stable domains are 0 < x < 0.
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Figure 5 Stable domains for y =0, U* = W* = 0.5.

We conclude that the streaming full fluid cylinder has stable and unstable domain for M
less than 3.5 and stable domain only for M greater than this value whatever the values of
velocities are. Increasing the value of M, the unstable domain is decreasing. The effect of
changing velocities cases on the capillarity effect is such small that it may be considered

as no effect.

7.2 Self-gravitating instability
Consider only the self-gravitating force effect, and then the dispersion relation of the

model is given from equation (69) as follows:

(o +imW + kU = 47 Gp ’;I’/”(g) [Im(x)Km(x) - ﬂ (79)

Consider the inequalities (77) and (78) and, for each non-zero real value of x, that
K,,(x)>0 (80)

the analytical and numerical discussion of the relation (79) reveal the following.

For U =0, W = 0, it has been found that the model is gravitationally unstable in the
domain (0 < x < 1.0667 for m = 0 mode) while it is stable in the domains (1.0667 < x < c©
for m = 0 mode) and (0 < x < oo for m > 1 modes).

For U #0, W #0, it has been found that the axial flow has a strong destabilizing influ-
ence. That effect does not rely on the kind of perturbation and it is so for all short and
long wavelengths. Therefore, the streaming has the effect of increasing the axisymmetric
stable domain 1.0667 < x < co and the non-axisymmetric domains 0 < x < co.

We conclude that the streaming self-gravitating fluid cylinder is unstable not only for

the axisymmetric mode m = 0, but also for non-axisymmetric modes m > 1.
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Figure 6 Stable and unstable domains for M=0, U" = W* =0.2.

7.3 Magnetogravitodynamic stability

This is the case in which the streaming fluid cylinder is acted upon by the combined effects
of the self-gravitating and magnetic forces. It is difficult to determine exactly in analytical
ways the (un-) stable domains in such a general case. However, we could determine them
via the numerical discussions. Also, by means of such discussion, we may find out the
effects of the magnetic field on the self-gravitating force. This could be carried out by
calculating the dimensionless dispersion relation

(0 +imW +ikU)*  «I,(x)
47 Gp " Lu(x)

, X210 (%) Ky ()

1 2
|:Im(x)Km(x) - 5:| +y |:—x + o W} (81)

in the computer for different values of

y (= (/167°G)(Ho/pRy)?) and u”:[ ikt ]

(47 Gp)12

in the most important sausage mode m = 0.

The numerical data associated with o /(47 G ,0)% correspond to the unstable states, while
those associated with w/(4mw Gp) 3 correspond to the stable domains. It has been found that
there are many features of interest in this numerical analysis as we see in the following.

(i) For y =0.1,0.2,0.3,0.4,0.5,0.7, see Figure 6.

Corresponding to U = W’ = 0.2. It has been found that the unstable domains are

0<x<0.8543, 0<x<0.65423, 0 <x<0.5541,

0<x<0.45323, 0<x<0.3452, and 0<x<0.2342,

while the neighboring stable domains are

0.8543 < x < 00, 0.65423 < x < 00, 0.65423 < x < 00,

0.65423 < x < 00, 0.65423 <x <00, and 0.65423 <x < o0,

where the equalities correspond to the marginal stability states.
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Figure 7 Stable and unstable domains for M =0, U* = W* = 0.5.

(ii) For y =0.1,0.2,0.3,0.4,0.5,0.7, see Figure 7.
Corresponding to L' = W = 0.5. It has been found that the unstable domains are

0<x<0.87412, 0<x<0.6742, 0<x<0.5841,

0<x<0.4743, 0<x<0.3754, and 0<x<0.2456,
while the neighboring stable domains are

0.85412 < x < 00, 0.6542 <x < 00, 0.5541 <x < 00,

0.4543 <x < 00, 0.3454 <x <00, and 0.2456 <x < o0,

where the equalities correspond to the marginal stability states.

(iii) For y =0.8,0.9,1.0,1.2,1.3,1.4, see Figure 8.

Corresponding to U” = W = 0.2. It has been found that stable domains are 0 < x < 0.

(iv) For y =0.8,0.9,1.0,1.2,1.3,1.4, see Figure 9.

Corresponding to " = W = 0.5. It has been found that stable domains are 0 < x < cc.

We conclude that the streaming full fluid cylinder has stable and unstable domain for y
less than 0.8 and stable domain only. Increasing the value of magnetic field, the unstable
domains are decreasing. The effect of changing velocities cases on magnetic effect is such
small that it may be considered asno effect. If we compare these results with those of
chapter two (only velocity in z direction), we observe that the existance of another velocity
W in ¢ direction decreases the unstable domain.

7.4 Magnetogravitodynamic capillary stability
This is the general case in which the streaming fluid cylinder is acted upon by the com-
bined effects of the self-gravitating, capillary, and magnetic forces. The dispersion relation

is given in its general form by equation (69). It is difficult to determine exactly in analytical
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Figure 8 Stable domains for M=0, U" = W"* =0.2.
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Figure 9 Stable domains for M=0, U" = W* =0.5.

ways the (un-) stable domains in such a general case. However, we could determine them
via the numerical discussions. Also, by means of such discussion, we may find out the ef-
fects of capillary with a constant magnetic field on the self-gravitating force. This could

be carried out by calculating the dimensionless dispersion relation

(o +imW +ikU)* 1, (x) 1 22
47 Gp " ) [’m(")Km(x)—g] +M|:(l—m )

+ |:_x2 zlein(x)Km (?C):|
v LK, (x)

xI;n(x)]
L, (x)

(82)
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Figure 10 Stable and unstable domains for y =0.5, U" = W* = 0.2.

in the computer for different values of

M = [L} y(z (;L/16712G)(H0/pR0)2) and U = [

—ikU
(47 Gp2R3)

(47 Gp)i2

in the most important sausage mode m = 0.

The numerical data associated with o /(47 G p)% correspond to the unstable states, while
those associated with w/(4m Gp) 3 correspond to the stable domains. It has been found that
there are many features of interest in this numerical analysis as we see in the following.

(i) For M =0.5,1.0,15,2.5,3.0, 3.5, see Figure 10.

Corresponding to ¥ = 0.5 and U’ = W' = 0.2. It has been found that the unstable do-

mains are

0<x<0.24321, 0<x<0.2523, 0<x<0.25743,

0<x<0.2641, 0<x<0.2732, and 0<x<0.2843,
while the neighboring stable domains are

0.24321 <x < 00, 0.2523 <x < o0, 0.25743 <x < 00,

0.2641 < x < 00, 02732 <x<00, and 0.2843 <x< 00,

where the equalities correspond to the marginal stability states.
(ii) For M = 0.5,1.0,1.5,2.5,3.0, 3.5, see Figure 11.
Corresponding to ¥ = 0.5 and U = W' = 0.5. It has been found that the unstable do-

mains are

0<x<0.2341, 0<x<0.2532, 0<x<0.2573,

0<x<0.2764, 0<x<0.2825, and 0<x<0.2944,
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Figure 12 Stable domains for y = 0.5, U" = W* =0.2.
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Figure 11 Stable and unstable domains for y = 0.5, U" = W* = 0.5.
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while the neighboring stable domains are

0.2341 < x < 00,

0.2764 < x < 00,

0.2532 <x < o0,

0.2825 <x < 00,

0.2573 <x <00,

and 0.2944 < x < 00,

where the equalities correspond to the marginal stability states.
(iii) For M = 0.5,1.0,1.5,2.5, 3.0, 3.5, see Figure 12.
Corresponding to y = 0.5and 1" = W’ = 0.2. It has been found that stable domains are

0<x<oo.

(iv) For M = 0.5,1.0,1.5,2.5,3.0, 3.5, see Figure 13.
Corresponding to y = 0.5 and U" = W’ = 0.5. It has been found that stable domains are

0<x<oo.
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Figure 13 Stable domains for y = 0.5, U" = W* = 0.5.

We conclude that the streaming full fluid cylinder has stable and unstable domains for
M less than 3.5 and stable domain only for M greater than this value whatever the values
of velocities are. The effect of changing velocities cases on capillarity effect is such small
that it may be considered as no effect. Increasing M with constant magnetic field increases
the unstable domain.

8 Conclusion
From the foregoing numerical results, we may deduce the following:
(1) The velocity has a strong destabilizing influence on the self-gravitating instability of
the model.
(2) The capillary force has a strong stabilizing influence on the self-gravitating
instability of the model.
(3) The capillary and self-gravitating modified a lot the instability of the model for all
short and long wavelengths.
(4) The velocity has a strong destabilizing influence on the self-gravitating instability of
the model.
(5) The magnetic force has a strong stabilizing influence on the self-gravitating
instability of the model.
(6) The self-gravitating instability character has disappeared and has been dispersed,
and the model has become completely stable.
(7) The velocities in two directions have a strong destabilizing influence on the
self-gravitating instability of the model.
(8) The magnetic force has a strong stabilizing influence on the self-gravitating capillary
instability of the model.
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