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SUMMHARY

The problem of magneto-hydrodynamic disturbances in a

S

fluid of finite electrical conductivity has been first discu-

e

ssed by P.H. Roberts and M.G6.5. E1-Mohandis.

Lt
In 1857 P.H. Roberts studied the equations governing the
propagation of AlFgen waves in an unbounded fluid of finite
efectrical conductivity in three dimensions due to the sudden

introduction of an infinitesimal current lement.

Jd = As (t) s{r)
3
In 1959 M. e.5, El-Mghandis has extended the probiem by
discussing the hydromagnetic disturbances and fluid motion due
to thesudden introduction of a magnetic dipole in an unbounded

fluid where the excitation field Hy is prevailing there.

The physical importance of Mohandis work has bean discu-

33
ssed by P.H. Roberts and R. Hidef

In this work the problem is discussed where z magnetic

dipole of moment M is introduced in & bounded fluid,with its
Central Library - Ain Shams University
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axis always taken in the Z-direction perpendicular to the plane

interface between conducting fluid and insulatér.

The dipole is replaced by a small current loop, in the
{x,y) -plane of strength I,radius a,with centre always fixed at

origin of coordinates, and such that

M = Lim mal
ai— 0

1=1,1 sle-a) Hit)

where 1ﬂ is a unit vector in the direction of @ increasing
{0,B,7) are cylindrical polar coordinates; H{t) is the Heaviside

unit function and & 1dis Dirac's delta function.
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The direction of the excitation field H, is taken in the
direction of the x-axis parallel to the plane boundary separat-
ing fluid from insulatér and perpendicular te the axis of the

dipole (See fig.)

This case is one of the four unsymmetrical cases which can

be obtained.

The small distrubrances are treated as perturbations

n of ﬂﬂ . Mathematical representations are obtained for h,the
magnatic disturbances both in the fluid and in the insulator

as well as of, U, the fluid motion.

The results thus cbtained are epxressed,for the first

time, in known fTunctions and not as a summation in series.
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CHPATER (1)

INTRODUCTTIOGN

The idea that the Earth is a great magnet of permanently
magnetized material is now comptetely disproved. Since there is
no possibiiity for the existence of appreciable permanent magne-
tism at high temperatures which much exist throughout the main
body of the Earth. Further,such a theory could not account for
ejther the predominance of the axial main magnetic field of the
earth or its secular variafinns which is well known of its sp-

acial character and its varijation with time.

It is therefore belived that the field s generated by
electric currents circulating somewhere within the Earth's
core of & density which indicates that is may be composed of
molten iron, so it would be a good dlectircal conductor
i and would therefore provide a suitable medium for the flow of
currents generating the disturbed fie*d. It is thus natural
to expect that changes in the fluid motion of the core will
produce changes in the field which should show time depencies
similar to those of the fluid motions producing them. The
rapid seculayr variations of the Earth's magnetic filed have
therefore been interpretated as implying the existence of such

fluid motions within the core.

The aim of this work is to put a new mathematical theorem
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Which could give an explanation for the existence of the perma-
ne Farth's main field as well as for its secular variations

with their spatial character and variations with time.

It is supposed that initially we have at rest a semi-
infinite, non- wviscous, Tncompressible fluid of finite electri-
cal conductivity o, density p and hydrostatic pressure p where
a uniform field H0 is prevailing through it.

A magnetic dipole of moment M is supposed to be suddenly
introduced in the fluid at zero time to act as a source of
disturbance to the original confiquration of the system, by doing
so, a small velocity u is produced in a certain volume of the

fluid and the magnetic field becomes:

H="H, *h i

where } OO TTTTTTTTmTTmmmmTmmmmmEmoTmmmeT (1)
ho<<Hy .

and
div. h = 0 meemmmmm e {2}

since we have an incompressible fluid, the equation of contin-

uity shows that

div u = 7 meemmmde e e e (3}



The dipole is considered to be fixed at the origin,
of coordinates with its axis always directed along the Z-axig.
The dipole can thus be replaced by 2 small fluid current loop
of strength I , radius,salways placed in the (x,y) plane with

its centre fixed at the origin of coordinates, such that

M= Tim 7 27T —mm oo e (4}
a0
I =1 16 (p-a) H{t]) ---mommmmmmmmmmo oo (5)

whera 1¢ is a unit vector in the direction of ¢ increasing,
(0, ¢,2) are cylindreical polar coordinates,s is Dirac’s delta

function and H{t) is the Heaviside unit function.

The fluid is bounded by an insulator with its rigid inter-
face per pendicular to the dipole axis and at a distance s from
the centre ¢of the dipole . The direction of the excitation field
Ho may be taken to be either paraliel or perpendicular to the
palne boundary; by considering this together with the different
positions of the dipole axis with respect to the direction of
Ho and the plane boundary, we see that five independent different
cases can be obtained as represented in the following figures.
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The symmetric case as shown in Fiq.(1} has bheen dealth

U4r)
with by Mrs-Sayeda Abd-El1-Aziz (1980).

The probiem we are going to consider in this work is one
of the unsymmetrical cases shown in Fig.{2)where the dipole
axis is perpendicular te the plane face of the insulator where

Central Library - Ain Shams University . .
f = -5 and where Hn in the direction of the x-axis perpendicular



to the axis of the dipole and parallel to the plane interface,

such that
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CHAPTER 11

BASIC EQUATIONS

2.1. Maxwell's Equations and Hydrodynamic equations:

The phenomena can be described by using Maxwell's equa-

tions and the fZulerian hydrodynamic eguations:

{A) Maxwll's equations in the presence of a moving electrically

conducting matter expressed in dlegtromagnetic units are

given by:
Curl E = - 3H/3t  —-memmcomememmmeee e (7)
Curt H = 4Md  commmmmmmmmm oo {(8)
J = o {E+UAH ] =-cmmmmm e (9)

where the electric field E ,the electric current J , the magnetic

field B and the fluid velocity U are each a solengidail vector.

Taking the curl of equations(8) and {9) substituting in

equation (7] we see that:

v25‘+ curl ( UAH )} -----mmmmmmmaao {10}

aH .
3t Bno
{B) Since we are dealing with an incompressible flyid, with

density p and hydrostatic pressure p , the Eulerian hydro-

dynamic equali@anfral-Library - Ain Shams University



where the mobile operator is:

d _ 3
Tt - st T Y- ograd

The enly body force F in this work is { JAH ) which is the
mechanical force exerted by magnetic field H on an element of

fluid carrying a current density J .

Equation {11}, then shows that

3
7t T U «grad U
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Using relations{1},{2) ,{3)} and {6)negiecting sguares and products

of the small quantities U and h , we see that:

Curl (UAH) = H_ . grad U
all
= HD '&—K -------------------- (13]

alsop

1
JAH = o {curl H)a H
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which on using the expansion formula for grad[ﬁ.ﬂﬂ} shows that:

JAR = - g grad(h.H )+ gr— H -grad h
H ah
- Eﬁ ax B grad{ﬂﬂ + hlz _______________ (14)

Substituting from {13} in (10) and from (14) in {12} ,respectively

we see that:

ah 1 2 3l

2t " e T hEH g mrmmemmoomommemooeee- (15}
and

30 H_ 3h

—_— = ———— Pd P mmmi e emme e e e et e — e mm——

. 3T, ax P {16}
where

P = = ¥ W mmmmmm e oo ee (17}
: > _ ] 2

$ = S lpk (Byth)®] coomee e (18)

Which is the total hydrostatic and magnetic pressure divided

by the density.

In an infinite medium,with ne signularities,it follows frog

equations{5),{6}) and {16) that we have everywhere
div p =0 =-v°7% e e {19}

Equations{15) and (16} together with condition (19) are the
required basic equations for hydromagnetic disturbances in an

inifinitednviscid,incompressible fluid.
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