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The aim of th}s work is to adé more information about what is
called the secular variation (S8.V.) of the Earth's magnetic field.
This will help to add more light on the origin of the geomagnetic

field, a problem which has not yet been sclved.

The model chosen is a magnetic dipole M suddenly introduced
in an ideal unbounded fluid of finite elctrical conductivity where
a homogeneous magnetic field ﬁo is prevailing parallel to the dipole
axis. Asymptotic solutions of the resulting perturbations h (repre-

senting the S5.V.)
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of the homogeneous field H, and of the fluid velocaty U have been
obtained in the two following extreme cases:
{i} Short times, 'ii) Long rimes.

Maxwell's equations and the Eulerian hydrodynamic egraticns are
used; the magnetic dipole is replaced by a small current loop of

current density I, where

e 1 3(p-a)H(t).

1

!
Laplace transformations in time, a Hankel transformatior in

space have been applied as well as the asymptotic expansion of the

F. for large values in the form

Hyper Geometric function 1F1

T{b) -
T'(b-a}

-

lFl(a:b;—x)=

To obtain the asymptotic sclutions of the problem, the two
following important results have been proved and applied for large
values of time, t,:

(1) The inverse Laplace transform

- D
Ll g7 Ui

(a+p) " a’ro- %%)

(2) The integral transform

1 {u=-1)
Cu -grzl/at :
I EU e E z</ Jle_D)dE_.= % {L=0) .
o]

L (u=1)

pz

These asymptotic expansicns helped to achieve & simple but

power ful method for solving the problem.

The thesis contains an introduction and five chapters.
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Chagtér 1:

Chapter 2:

Chapter 3:

Chapter 4:

Chapter 5:

{ 3)

Containg the basic equations of the problem.

Contains introducing the source of disturbance; the
boundary conditions at the loop: and some other results
aprlied in solvirng the problem. )

Contains solutions of the problem for 4 different cases
of short time.

Contains solutions of the problem for 4 different cases
of large values cf time.

Contains

(i) Explanaticn for the special method used in drawing

the charts.

(ii) Physical Discussion ¢f the problem.
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) SUMMARY

-

The problem of hvdromagnet:i:z disturpances 1in an unopounded,

ideal fluid, of finite electrical conductivity, due to the sudden

jo )]

introduction of a magnetic dipole, where an excitation Iiel Ho

exists, has been discussea.

The resulting perturbations, h, of the magnetic field and of,
U, the fluid velocity have been discussed in the two following

extremea cases:

(i) Short times.

{iil) Long times.

Asymptotic expansion for large values of time of the confluent
hypergeometric functioq, Fl,has been used. Inversion of some Laplace
transformations, as well as an expression for the integral representa-

tion

oo
1 —Ezf4t
oo e g eprer

o]

have been derived for large values of time,.

These asymptotic expansions allew us to achieve a simple but

powerful method for solving the problem,

The thesis contains an introduction and five chapters:

Chapter 1: Contains the basic equations of the problem.

Chapter 2: Contains the source of disturbance, boundary conditicns

andé some results applied in selving the problem.
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Chapter 3: Contains solutions cf the proplem for short times.
Chapter 4: <Contains solutions of the problem fer long times.
Mathematical representations of the magnertic disturcarces n

as well as of the fluid motion velocity U are obtained. Four cases

are discussed for each of short and long times.

Special method is used to draw the diagrams representing the

obtained perturbations.

Chapter 5: Contains the method used in drawing the charts as well

as physical Discussion of the problem.
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INTRODUCTION

HISTORICAL MOTE

The geomagnetic fiela:

The problem of how the Earth 1s magnetized has been considered
as a baffling ridédle cf scme hundreds of vears. Eeven now the theory
of the existence of terrestizl magnetism, is by no weans, hac not
got a satisfactory explanation. There is not till now a2 single theory
to explain successfuly the axial dipeole field ané the asgociated

secular (5.V.) field.

It was early xnown that a magnetic needle not orly :tendesl to

point n.rth, but if free to move vertically, it would alsc cip irn the

[V

r

v

Northerrn Eemisphers pcint sbove -n the Scoutherr Herigphere. The
first man to gain a true concepticrn ¢f the ceneral character of the
Earth's magnetic fiegld, seems tc hzve beer William Giibert of Calch-
ester, Queen Elizabeth's physician. In 1630 be descrikbed in his treatice
"De Magnete" a simpie model experiment. He cut a sphere of lodestone

and erxamined the distributicn of direction cof the magnetic force over
its surface with a tiny magnetic needle freely pivoted. He showed that
the angle cof dip varied with the distance from the rcles of his model

in approximately the same way as the angle of dip cbserved on the

Earth. Be concludeé that the Earth itself is a great magrnet, sirilar

to his magnetised shpere except in size; anrd 2150 1ts magnetic irnfluence

proceeds fror withirn , thus clearecd away the belief that the force
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which effects the compass needle is found in the atmospnere or 1in the

stars as has widely believed in that time.

The next impértant advance was wnen the german mathematical
physicLﬂK.F. Gauss (1B38) assumed that there are no electric currents
or permanently maghetised materia’ near the Earth's surface and there-
fore that the magnetic field can then be expressed as the gradient
of a single valued potential which satisfies Laplace's equation, and
therefore it can be expressed as a general so.ution in a series of
spher ical harmonics. Gauss' work has been repeated since. The complete
anlysfs of the observed values of the components of the geomagnetic
field for the year 1885 have been carried out by Schmidt (1895); by
Dyson and Furner (1923) for the year 1922; by Vestine et al (1947}
for the year 1945 and an additional cne for the same year by Rlfona-

sieva (1946).

It is to be noted that, although sphereical harreonic analysis
is a satisfactory procedure to give a good representation of the main
field over the Earth's surface aloneg in terms of an axial Jip..c at
the Earth's centre, yet it fails to determine the field at great
depths, where the regular and irregqular fields may be of almost of

equal magnitude.

Therefore any theory of the geomagnetic field must give an
explanation for the axial main dipole field as well as its secular

variation field.

The starting point of modern development of the subject was

marked, just before the second world war, when Elsascer {1939) was
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