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such thnt:
P

M= linm Ta" 1
4 = 0
I=3. 1 §(p-a) H(t)

whers ;v is 8 unit vector in the direction of &
incressing, (.°,p, Z) are oylindrical pelar coordinates;
H(t) is the Heaviside unit function

X
Current loop o
——n Z
.!/I/ } Fluid
)
\\/
, _Plane interface
5clid insulatar Xz~

The direction of the exitation field Ho is taken in
the direction of the y-axia parallel to ths plane boundary
of the insulater parpendicular to the dipole axis.

Ma the matical solutions for the arising magnetohy-
drodynamic disturbsnces at the Plane interface between
the insulator and the fiuid are given as wall as in the
insulator itself.

This work is a continuation to the work Previously
done by Mrs. F. Metwally & Mrs. S.N.Boctor where
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I. INTRODUCTIONW

It i8 suppozed that initially we have at rest a
semi-infinite, non-viscous, incowmpressible fluid of
finite electrical conductivity o— , density 2 and
hydrostatic pressurep with a uniform field H, prevai-
ling through it.

4 magnatic dipole is supposed to be suddenly
introduced in the fluid at zero time to act as a source
of distrubance to the original configuration of the
system. By doing s0, a small velocity U is produced
in a certain volume of the fluid and the magnetic field

becomes
H = B, +h (1)
where 1 (( K|
and div b =20 )

The dipole is considered to be fixed at the
origin of coordinates with its axis always directed

along the zeaxis,

The dipole can thus be replaced by a small fluid current
loop of astrength I, radius a, placed in the (x,y)-plan
with its centre at the arigin of coordinates.
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The woument of the dipole is

! = lia R 82 ; (3)
a —»o

The electric current intensity of the luop is

I1=1s1 (P-a)H(t) (4

Where lg is a unit wector in the direction of @
increasing; (#,¢, Z) are cylindrical polar coordina-

tes; and H(t) is the Heaviside unit function.

The fluid is bounded by an insulator with its
rigid interface taken in our cese as the plane X = -s,
while the exitation field B, = H, Iy is congidered to
be perpendiculur tc the dipole axis but parallel to
the plane boundary. (see figure in Summary)

Mathematical representation for the small disturbances
+ b, at the plane interface between the insulator aend

the fluid are given as well as in the insulator itself.
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I1. METHOD QF ANALYSIS
m

$ 2.1. Basic Equations
The phenomona can be descrived by using Max-

Well's squations and the Rulerian hydrodynamic¢ equation.

Maxwell's equations in the prasance of a
moving electrically conducting matter (e.m.v. being used)

are
Carl E =~0dH /3t (5)
Curl H =4WW g (6)

d =0 (E+ InH) (7)

where the electric field B, the electric current I
the magnetic field H, and the fluid velocity U are

each a solenoidal vectors.

The Bulerian hydrodynamic equation for an
incompressible, non-viscous fluid is

au 1
a‘%‘"-:!—’ grad p (8)

whore ¥ is the external force per-unit volume,

To express our results in terms of non~-dimensional
units, we measure the magnetic field in Yerms of go. the
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fluid veloeity U in unite of V, timo in units of-d— ,
‘rr\
the hydrostutic ;reesurev p in unite of pV‘e nnd k
length in units of V/w, wuere V is the Alfven velocity
given by:
,
el jam p (9

and w_ is a frequency defincd by

w, = o= HS /P (10)

Making use of exrrensi -
g jression (1), rembering that H, = HQ']‘V

equations (5-7) showthat

Curl E = - dp/3 ¢t (11)

it

Curl h = E + Un ;-y (12)
Taking the curl of equation (12) substituting fron

equation (1l1), we see that

dh 2, _
P 4 L = Curl (!lf\;y) (13)

Also equation (8) shows that

3t Yy )
where, except on the loop itself
~
2 = - gWw (15)
and -
W =7p+ % (Iy + h)a
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Curl P = ¢ (16)

Bquations (13) and (14) are the fundamsntal equaticns

of the problem.

It follows that soleroidal vectors ¥, 4 and

-

}should exict suchk that

b=curl\y , U =curly. and P= curlz (17)

and

. 2% 18
Also a scalar potential of B oxista such that
E=-0%¥/0t + o« (19)
where
e,
7y = ¢ (20)

Equation (13) nov shows, on making use of relation

(17-19), that

( $°2-3/3t) W= -3 Wy tog- v (21)
Bquation (14) also gives rise to
3 W/oy = dY/ot —)-—yB (22)
where
o°B =0 (23)

Central Library - Ain Shams University



- F o

The fundamental equaticus (13) and (14) are now
sxpressed in the form givem by vyuatiuws (21) and (22)
which describe tle hydromagnetic disturbiances and their

offect on fiuid =zotion.

Also since no current can flow in an ineulator,
it follows tnat
Curl h = o (24)

Thus the disturced field, h, can be represated in tiue
insulator as the gradient of a magnetic scalar potential,

8) , say; and as h is solenocidal, it follows that

A S =0 (25)
§ 2.2. Boundary Conditions

As the equations are linear, we can break up
solutions of the problem into two parts: That which
includes singularity at the lcop as if it were placed
in an infinite fluid and that which contributes to the
presence of the insulator with its plane rigid interface

bourding the fluid.

4 - Boundary conditions on Crossing the Ioop

It is to be noted that ths only body force in our
case is J A E which is the mechanical force exerted

by the magnetic field H on a volume element of the
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fluic cnrryine a carront S UL the Pondoorootyve fire.
frivern oy

L R O vk
wher? we Bave adiog o a foroy - i~ H te balance the
Jorente § orev o ivep, touns Dhevenlingy Ltn omotion.

Aloo 1 &= bt Cloctronative Torce of i curpont
leop, then the Jofect of the disturirnee coapn b exanire.d
by intrcducing g; c B8R eXtrn Cers L oeguncion (7) and

by sulrtit tirn,e Yo ¢ oas Fiven 1n eguatvior. (€%) in thw

hydrodymacic cgunil o (R),

By “d.inc g, tie singularities ot tow locp have
now been introduce in the fundarental eJueticns (13) ang

(14).

Thus wo have
d‘i": < U
T -~ yh= 3; + Curl 1 {(27)

@_L_J. Vi

3t v
which on using rolations (17), show that on introducing

u
&
+
lae

(28)

the singularities at the loop, equations (21) and (22)

lead respectively to

R 2y . 9%
({=-Hw- S Ioolu -~ @9
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&iv) bnn/&n is continuous froz (4.5) and the

aquations of continuity of L.
§ 2.3. Integral Truusforms Usad;

l. The Hoaviside transform denoted by a bar over tle

transformed symbol. It is defined by
@

- » -7t
i =p [ o a(t) at (33)

e

(o]

Integration by parts shows that

Basdt = pa , ¥a/dt° =p° 3 (34)

Since initially we have the field to be uniform and

the fluid is at rest.

2. The double Pourier transferm denoted by a superscript

star, thus:
w o'e]

a* ([’m’Z)::d!n fr a(xX,y,z) exp i(€x+my) dx dy
=00 - (35)

the sclution to which is

0

a(x,y,2) = :1-1--2- ff a'(?,m.z)exp-i(fx«-my)dg dn
-00

(36)
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3. The Pourier transfurm denoted by a superacript

dagyer, thus:

[ @]
u*(xX,y,n) = f a{X,y,2) exp(inzg) dz (37
-0
the solution to which is
@®
a*(X,y,2) = == | a*(x,y,n)exp(-inz)dn  (38)
2T g

4, Tne Fourier transform denoted by a superscript

bracket, thus
0

a(x,m,n)= ff a(x,y,z)exp 1{my+nz)dy dz (39)
-

the solution to which is

o0
a(x,y,2) = 1—1—2 J:[' a(x,m,n)exp -i(xmy+nz)dm dn
T - 40)

5. The Fourier transfornm

o0
) ‘
a‘*(é,m.n):j:/:/ a{x,y,z)exp i(tjx+nw+nz)dx dy d=z
~® (41)
which can be inverted to give

Q(x.m,n) = - j’o a""(e.m,n)ex‘p(-iEx) a
217
-0

(42)
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