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We have examined the MHD plasma behavior of a rotating environment in the presence of an inclined
magnetic field with the positive direction of the axis of rotation. The interplay of a hydromagnetic force and
Coriolis force exertsiits influence of a dynamo mechanism with reference to the solar and terrestrial context when
theHall current is taken into account. It is stated that the electrical discharge of the solar corona in the presence of
a traveling magnetic field experiences an irregular fluctuation at the resonant level to produce thermonuclear
fusion reaction of the Sun with regard to excitation frequency. On the other hand, the thermonuclear fusion
reaction of the Sun stops when the excitation frequency is switched off and the MHD plasma flow tends to an
equilibrium position with regard to a neutral plasma stability parameter.
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1. Introduction

The high frequency MHD plasma flow of a rotating environment leads to the dissociation of ions and
electrons when the kinetic energy is transformed into heat as studied by Ghosh (1996) under frequency
domain. The magnetohydrodynamic (MHD) plasmabehavior of arotating environment in the presence of an
inclined magnetic field has received wide attention in literature as it is applied in space science. An
oscillating behavior of the universe leads to a resonant response when a forced oscillation is applied to the
Sun. The situation of a rotating environment is an illustration of excitation frequency of an oscillating field

with regard to an interesting mathematical condition G2 = (16K4 - M*sin? q)yz; a resonant response to an

oscillating field occurs when the excitation frequency w> %COSWT (16K4 -M*sin? q)yz (see Ghosh,

1997; 2001). In response to the solar and terrestrial context, the stars go faster and faster from the Interstellar
medium due to an irregular change of galaxies and the position of the planets becomes irregular. It is
important to note that the thermonudear fusion reaction of the Sun exerts its influence of excitation
frequency whereas thermonuclear fusion reaction stops if the excitation frequency is switched off. Since
irregular fluctuation builds up rapidly with a driving force the laser radiation is so intense at the transition if

the excitation frequency is w> %COSWT (16K4 -M*sin? q)yz. This situation reveals that the laser
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radiation is so intense that many photons can be simultaneoudy involved in a transition when the kinetic
energy is transformed into heat. It is stated that the induced laser radiation experiences a multiphoton process
to produce a bright blue flash and aloud bang, and ultraviol et radiation and the binary X-ray are emitted with
adriving forcein the presence of aradio frequency accel erator (see Ghosh and Pop, 2004). The binary X-ray
is produced due to a fluctuation of the magnetic field when a forced oscillation is applied to the Sun. In the
light of our present investigation, it is stated that the Earth may be put into the vacuum with strong ionizing
radiation in the atmosphere and the binary X-ray is produced due to a fluctuation of the magnetic fidd when
aforced oscillation is applied to the Sun.

2. Basic equationsand itssolutions
The basi ¢ equations of magnetohydrodynamics in arotating frame of reference:

The MHD momentum equation in arotating frame of reference

. U, 1. co 1,
(@N)g+2wWK" g=- =Np+nN2g+=J" B. (2.1a)
r r
The equati on of continuity
®
N>gq=0. (2.1b)

Ohm’s law for a moving conductor taking Hall current into account

J+W§—te(J’ B)=s[E+q" B]. 2.2)

(0]

Maxwdl’s equations are

Z@

B=mJ,

Z®@
|

®
NxJt0, (2.3)

®
NxB =0 (solenoidal relation).

® ®
Since the flow becomes steady, N E =0. In a continuous media, the assumption NxJ 1 0O is
justified for a discharge channel when the gpplied magnetic field is inclined with the axis of rotation. Since

®
charge density is negligibleit turnsinto NxD =0.
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g,B,E,J and D are respectively, the velocity vector, the magnetic field vector, the dectric field
vector, the current density vector and the displacement vector. s, n,m,, r, R, re, By, We, t. and q are,

respectively, the dectrical conductivity, kinematic coefficient of viscosity, magnetic permeability, fluid
density, unit-vector along z-axis, charge density, magnetic flux density, cyclotron frequency, dectron
collision time and the angle of inclination of a magnetic field with the positive direction of the axis of
rotati on.

The authors have studied the steady hydromagnetic flow of a viscous incompressible eectrically
conducting fluid confined between a parald plate channd z =L, rotating with a uniform angular velocity
W about an axis perpendicular to the plane of flow under the influence of a constant pressure gradient in
such a way that the plates and channel rotate in unison with the same constant angular velocity W and the
applied uniform magnetic field is indined with the positive direction of the axis of rotation. The fricti onal
shearing stress becomes important to study the MHD plasma flow at the boundary. Since Hall current
induces a secondary flow as given by Sato (1961), the problem is no longer one-dimensiond. It is a two
dimensional mation. Since the plates are infinite dlong x and y directions, all physical quantities except
pressure will be functions of z only.

We have examined that the thermonuclear fusion reaction of the Sun leads to a discharge channel
subject to an excitation frequency at the resonant level when a forced oscillation is taken into account. Our
present problem is true for the physical interpretation, specialy for a magnetohydrodynamic flow that the
displacement current is neglected in the case of a fluid motion whose velocity is small as compared to the
velodity of light. Also, for fluids, which are almost neutral; its charge density is negligible. The flow
becomes unstable in the Earth’'s liquid core when a forced oscillation is applied to the Sun. An analytica
approach is based on Ghosh (1997; 2001), which is comparable with Einstein theory of rdativity where the
time dimension is closely resemblance to the angular frequency of oscillation in arotating environment.

To incorporate the study of Ghosh and Pop (2002) together with the fundamental equations of
magnetohydrodynamics in a rotating frame of reference, the following assumptions are used which are
compatible with the fundamental equations of magnetohydrodynamics

q:(u(,v(,O), B :(BX+BOsinq,By,BOcosq),

(2.4)
E=(EEy.E). 3=(3,3,3,).

Under the assumptions (2.4), the following equations are compatibl e with the fundamental equations
of magnetohydrodynamics in a rotating frame of reference become

2
- 2\/\N¢:-1E+nw+&,]ycosq, (2.5)

rfix 22 r

2
2Wut= n‘"—\;q:+i(,lzsinq— J, cosq), (2.6)
2 r
0;-1@- i,]ysinq. (2.7)
rfz r

Equations (2.5) to (2.7) in the dimensionless form are

] 2K2V:R+d2u+Mzcosq(

I mv—ucosq), (2.8)
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dv = M?
2K2u=—; - v+ mucosq (2.9)
dh? 1+m2( )
un vn L3 & Tpo WL?
where h=Z/L, ut=—, vé=—, R=—_¢- ——= is the dimensionless pressure gradient, K? =— is
2
L L rvee fxe n

the rotation parameter, which is the reciproca of the Ekman number, M = BOL(s/rv)l/ 2 is the Hartmann
number and m=w,t . is the Hall current parameter. W is the angular velocity of the system referred to a

fixed inertial frameand p= p¢ %r|\/\f r|2, pt¢ and r denote fluid pressure and position vector from the axis

of rotation.
The boundary condition (no — slip) become

u=v=0 at h=+1. (2.10)

Equations (2.8) and (2.9) together with the boundary condition (2.10) can be solved and the sol utions
can be expressed in an e egant form such as

.2
1 M2 aEMzsinzq mMzcosqg

5 2% 2 +ing'§%K2+ 2+
u(h)_R21+m 1+m p 1+m® 5 é cosh(a- ib)hd
- . 2 sh(a - ib u
|Gz(a2+b2) 2 & cosh(a-ib) g o
2 22 3 2 5
1M ZgM szq-ing— ?KermM cc;sqg
_R21+m’E 1+m p 1+m° 5 é cosh(a+ib)hi
iGz(a2+b2)2 & ocosh(a+ib) §
?KermMzcoqu
1+m* € 1 . cosh(a-ibjht 1 i, cosh(a+ib)hil
vlh)=iR 8 il- YE il- va (212
(h) G2 Sa- b1 cosh(a-ib)h (a+ib)2i  cosh(a +ib)) by 212
where
) 2 o2
= 2 P4 . ( 2 ) 2%
a’bzég 1+ cos CJZM +G4§ + 1+ cos (gM H ’ (213)
§ mf o p o b
and
e 2mM2cosq®  M*sin? u*?
G2=&aK2+ 9 SIS (2.14)
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In the absence of Hall current (m = 0) , the solutions (2.11) and (2.12) reduceto

u(h):R(MzsinquGz)M 22- 8K* 1, cosh(a- ib)hi
ac2f2+p?f 1 coshfa-ib)p
(2.15)
] (Mzsinzq- iGZ)MZ- 8K4‘:,1_ cosh(a +ib)hi
acfzep?f 1 csha+ib)p’
V(h):iRszg 11 cosh(a- ibhir 1 [ cosh(a+ib)hl'jg (2.16)
GZ ga- b1 cosh(@-ib)h (a+ib)2i  cosh(a +ib) by '
where
) 172 2
ab=1g{+cos?qf M4 +G*Y  M2(l+cos?aly | (217)
29 b i
and
G2 =(16k*- M*sinq)?, (2.18)

whichisin agreement with Ghosh and Pop (2002).

3. Frictional shearing stresses at the plate h=+1

The frictional shearing stresses du

dh

andﬂ

ah a the upper and lower plates can be obtained

h=+1

h=+1
from the solutions (2.11) and (2.12).

Remarks:

The maintenance of a magnetic field with the positive direction of the axis of rotation plays an
important role of a dynamo mechanism of the Earth’s liquid core. The interplay of the hydromagnetic force

and Coriolis force leads to a stability parameter G2 = (16K4 - M*sin* q)]/2 >0. It is numericdly verified
that the frictional shearing stresses at the upper and lower plate are equal in magnitude for an arbitrary value
of either K2 or q(O£ gt 2p) taking any arbitrary value of M2 (supposed to be strong magnetic field

M2 =10) and the Hall current parameter m=0.
The following conditions are satisfied

du _du dv _av

a/h=1"gy /=1 @ e h=1T g b=t (3.1)

The above conditions (2.19) can be expressed as a condition of equilibrium. Thus, the flow becomes
stable. In a stable region there must be a critical point.
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4. Determination of validity of an argument in comparison with excitation frequency

The investigation is based on the MHD plasma behavior at the resonant level when a forced
oscillation is taken into account (see Ghosh, 1997; 2001). The solutions (18) and (1b) in Ghosh (2001) can be

expressed as the vel ocity distributions by applying u(h, T) = Uy (h)cosz and v(h, T) =V (h)cosz in the
following way.

b T)= (M2sn?q+iG2)R,- 2P, cosh(a- ib)nii,

i ~2 11' s
2iG ] cosh(a |b)1v) 1)
] (Mzsinzq- iGZ)Rl- 2P1 cosh(a +ib)h i
2iG2 i~ coshfa +ib) p’
T = 2p(M2sin?q- iG2)- (M4sin4q+G4)Rl‘:,l_ coshfa - ibJnd
8iK 2G2 {7 cosh(a-ib)
(4.2)
] 2P(M2sin2q+ic32)- (M4sin4q+G4)Rl‘|,l_ cosh(a +ib)h i
8ik 2G2 {7 “cosh(a +ib)
where
2
R, SUL L (4.33)
a2 +0)
€ MZ(Mzcoszq- WtanWT)‘:J
P = RéL- ! a, (4.3b)
: p2+p?f
and
i . }/2
a,b :%J{§(1+ cos? q)M2 - 2WtanWT}2 +G4E|‘y2 i{(1+ cos? q)M2 - 2WtanWT}y , (4.30)
f b
with
G2 = (16K4 - M*sin*q- 4w?tan?wT - 4w2)y2. (4.3d)
Casel:

When the angular frequency of oscillation is switched off i.e, wT =0, the veocity distributions
(41) and (42) can be explaned in two ways, the excitation frequency may be either

W<%(16K4- M“sin“q)}/2 or w>%(16K4- M4sin4q)y2. The condition w<%(16K4- M“sin“q)}/2 is

valid for low frequency of oscillation in response to a dynamo mechanism of solar and terrestrial context.
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Another condition w> %(16K4 - M*sin® q}2 leads to aresonant response subject to the high frequency of

2
oscillation. Thus, the resonant condition GZ:(16K4— M4sin4q)]/ can be written in the form

w- %(16K4- M4sin4q)% >0.

Casell:

When the excitation frequency is switched off i.e,, w=0, the solutions (4.1) and (4.2) reduce to the
solutions (2.15) and (2.16) together with (2.17) and (2.18) which are in agreement with Ghosh and Pop
(2002).

It is stated that the thermonuclear fusion reaction of the Sun stops when the excitation frequency is
switched off, i.e., w=0 and the MHD plasma flow tends to an equilibrium position subject to an interplay of
the hydromagnetic force and Coriolis force with regard to the neutra plasma stability parameter

G2 =(16K* - M4sin4q)}/2.

Caselll:
It is observed from the solutions (4.1) and (4.2) that the irregular fluctuations build up rapidly
with a driving force when wT =p/2. The growing magnetic field can, at an appropriate level, release

the constraint at the resonant level and the binary x-ray is produced due to the fluctuation of a

magnetic field. This leads to a resonant condition w> ]/2005WT(16K4 - M*sin* q)l/2 (see condition
(4.3d). On the other hand, the condition (4.3d) comes to a justification of

2
w< ]/2005WT(16K4 - M%sin? q)]/ which can be explained as an oscillatory dynamo with regard to
solar and terrestrial context.

5. Concluson

The electrical discharge of a solar corona in the presence of a traveling magnetic field
experiences an irregular fluctuation at the resonant level to produce a thermonuclear fusion reaction
of the Sun with regard to excitation frequency. The frictional layer at the boundary of the solar
corona breaks down and the proliferation of a supercritical state emerges the situation of a
thermonuclear fusion reaction of the Sun. It is noticed that the hydrogen bomb blasting on the
surface of the Sun leads to a continuous process due to a chain reaction. Since an irregular
fluctuation builds up rapidly with a driving force the resonant condition

W>%COSWT (16K4 - M*sin* )2 exerts its influence of the growing magnetic field at the resonant

level and the binary X-ray is produced due to a fluctuation of the magnetic field. This situation
reveals that the universe is expanding with an irregular space-time interval. This leads to an irregular
change of galaxies with regard to Hot Big Bang model in the universe. It is stated that the controlled
thermonuclear fusion reaction of the Sun stops when the excitation frequency is switched off (W: 0)

and the MHD plasma flow tends to an equilibrium position with regard to the fully ionized neutral

plasma stability parameter G2 :(16K4 - M*sin? q)yz.
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6. Discusson of results

The MHD plasma flow tends to an equilibrium state in order to stop thermonuclear fusion reaction
when the excitation frequency is switched off and the velocity distributions are in agreement with the
solutions (2.15) and (2.16) under steady state condition (See Ghosh and Pop, 2002). The authors have
obtai ned the numerical results of the solutions (2.11) and (2.12), which are depicted graphicaly versus h for

various values of KZ, m and q, taking M? as fixed. Figures 1 and 2 show that, for an arbitrary value of
K2, the velocity profiles increase with an increasein q(0£q£2p) for M2=10, K2=4 and m=0. Itis

examined that the velocity distributions due to primary flow are identical when g=np and (2n + 1)% Ctis

numerically verified that in the presence of Hall current, the velocity profiles due to primary and secondary
flows, increase with anincreasein g for M 2=10 and K?=4. Also, the velocity distributions are identical

when g=np and (2n+1)g. It is noticed that the fully ionized neutral plasma flow behavior exerts its
influence of Hall current. It experiences a dynamo mechanism of the Earth’s liquid core with regard to a
traveling magnetic fidd when Hall current is taken into account. This corresponds to the author’s
investigation (Ghosh, 1999a; b) implying thereby the Hall current plays an important role in determining the
stabilizing pattern of flow when the excitation frequency is switched off and the solutions for the velocity
distributions u(h,T)=u,(h)coswT and v(h,T)=v,(h)coswT (see solutions (2.6) and (2.7) in Ghosh
(1999h)) reduceto the solutions (2.11) and (2.12).

Fig.1. Velocity distribution (u) in the primary flow for M? =10, K? =4, and m=0.
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Fig.2. Velocity distribution (v) in the secondary flow for M? =10, K? =4, and m=0.

Figures 3 and 4 demonstrate that in the presence of Hall current, the velocity distribution due to

primary flow behaves in an osdillatory manner with the increase in M?2 for K2 =4, q:% and m=0.5

while the velodity distribution in the secondary flow decreases with the increasein M? for K2 =4, q:%

and m=0.5. Figures 5 and 6 reved that the velocity distribution in the primary flow decreases with the
increase in the Hall current parameter m while the velocity distribution in the secondary flow increases with

theincreasein the Hall parameter mfor M2 =10 for K2 =4, q =P (taking any arbitrary value).

4

0.7+

ux10 —=

Fig.3. Veocity distribution (u) inthe primary flow for K2 =4, q= p/4 and m=0.5.
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Fig.5. Velocity distribution (u) in the primary flow for M? =10, K? =4, and q=p/4.
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Fig.6. Velocity distribution (v) in the secondary flow for M? =10, K2 =4, and q=p/4.
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Nomenclature

B —magneticfield vector
B, — magnetic flux density
D - displacement vector
E —electricfield vector
J —current density vector
K2 —rotation parameter which is the reciprocal of the Ekman number
L —characteristic length
m —Hall current parameter
M — Hartmann number
p —modified pressure including centrifugal force
R —non-dimensiona pressure gradient
g - velocity vector
v —kinematic coefficient of viscosity
h —width of the channel
g —angleof inclination of amagnetic field with the positive direction of the axis of rotation
k —unit vector dong Z —axis
m.  — magnetic permeability
r —fluid density
r. —charge density
s —électrica conductivity
te —eélectron callision time
w —excitation frequency
wT —angular frequency of oscillation
w, — cydotron frequency
W —angular velocity
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