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SUMMARY

It is supposed that we have initially an INFINITE
mass at rest of a VISCOUS fluid of finite electrical con=-
ductivity in which 2 uniform field H, is prevailing. It
is supposed then a dipole of moment M is suddenly introduced
in the above configuration of the system. As a result of
this sudden intrcduction a velocity U is produced in a
certain volume of the fluid as well as a small disturbance
b of go . The dipole, whose axis is always teken in the
Z-direction, can be replaced by a small curreant loop in
the (x,y)-plane, of strength I, radius a, with its cenbre

always fixed at the origin of cgordinates, and such that

M= lim 1{32 I oo vee (1)
80
1= L¢ I0(p=- a). H(H) .o (2)

where lg is a unit vector in the direction of @ increasing
( Py ¥y Z) are cylindrical polar coordinates,H(t) is the
Heavigide unit function, and O is Dirac's delta function.
Only the UNSYMMETRIC case, where the uniform field g, is
always tsaken parallel to the x—axis, perpendicular to the

dipole axis, is declt with.
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UNSYMMETRIC CASE

Uniform field perpendicular to the dipole axis

In chapter I of this work boundary conditions on
crossing the loop have been introduced in the basic equat-
tions used, namely Maxwell's equations and the hydrodynamic
equations., _

In chapter II, mathematical solutions representing the
behaviour of both U and h have been re-studied in the case
where a MAGNETIC dipole has becn suddenly introduced.
Extensive figures calculated from the obtained mathematical
results have been drawn. The behaviour of the phenomena

has been traced at different long intervals of time.

It is worth to note here that the figures so cbtained,
in the case of a VISCQUS fluid, show that the effcect of

viscosity in the case of an infinite fluid, is of no great
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importance, 1In fact, it is found that there is a great
similarity between the bebavioue of both U and h in this
case and those obtained by MO 152 (1959) in a non-

viscous fluid.,

In chapter IIT the same problem has been valued for
a viscous fluid, but with the sudden introduotion of an
OSCILLATING dipole instead of a magnetic one. This case
has been already published as a joint work in IL NUULVO
CIMENTO (1969), Series X, Vecl. 359B, pp. 1~1ll. It is scen
that the solution of the problem of an oscillating dipole
is much more difficult than that of a magnetic onc. 4 new
tedious effort is needed to represent the obtained mathematical

results in a form suitable for computation.

It should be noted here that the problem in the
SYMMETRIC case where H  is taken parallel to the dipole
axis 1s now under ccnsideration by Mrs. BAGHDAD FAHMY and

will be subnitted in a fubture date.
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CHAPRHE:: I

DIPCLE IN A VIBCOUS FLUID

§ 1.} FUNDAMENTAL 15U+ vTONS

The phenomena can be described by uvsing Maxwell's
cquayions and the hydrodynawmic equaticn. Maxwell's equations
in this csse and in the preseance of a moving eloctrically

cenducting matter with velocity U and electrical conductivity

g are 3
OUI‘:‘. E =_b§/at e .o (5)
UuI’;_ ;i.i = 'q' g) s o “ e L (q‘)
where I=c(E+ L+ T 0 ... cos (5)
6L Ly IE(p- ). H(E) (-
4LE0 Adv ;Ej = O LR oo v (7)
di‘V _(_3;20 L N e e e LI ] (8)

where F is the electric ficld, J the electric current aud
H is the magnetic field. The effect of the disturbing
sourcc has bgen expressed by in introducing the clectro-

motive forceg; of the current loop in eguation (3).
Making ths substitution

E=H +h (9
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wherc hgHy ees sas ceas (10)
dl\: ll = O 8 a3 L (11)
E@ - “H*L) ;;‘; . c.u L (12)

where Lo is a unit vector in the direction of x. Taking
the curl of equations (4) and (5), substituting in
equation (3), applying conditiocns (7) and (8), weo see

on neglecting squares and products of H and h, that

- 1 291 _
(3;3 ol ar-aadh )b = Eo grad U + 4m curl I (13)

The hydrodynamic equation is

d 2
P Tt =_F_-—vp+p)/q p_' cen (14)

{ {o]

where the moving matter is considered to be incompressible,
with density p, hydrostatic pressure p, and kinematic
viscosity Y.

Also the equation of continuity shows thab

di‘V_I,_T_: s s e e 0 e (15)
The Pondermotive force acting on the loop is
‘F_S -J_]\E"'_I_ AE._ LY a0 0 s a0 (16>

The effect of the disturbance is expressed by the
force -1 A H %o balance the Lorentz force on the loop,

thus preventing its motion.
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Substisebing srom (9 and (16) ir zguation (14), we

_oon neglect ooy gdut s and o pre” o3 of U and b thak
au H ah : | .
-~ = . L 2 2
T Ty ﬂop vx CEre o [p + '8_{(§0+p.) J +Y<9" 1
‘es (175
Putting
2 - - grad é L N " e e LIS (18)
Thare
A : 2
0= [p+gl;(g_o+_t;)], (19)

taking the divergence of equation (17) and using conditions
(11) anéd (15), we find thet
diV:_P_:O LI ase (20)

It is Tound more conveniont o express eguations
{13) and (17) in non-dimensional units. This e¢o2n be donc

by introducing new varianic: dofined by

p.ﬁH_‘p_’, g:‘fg_fg _E':C‘Jvz'g t':(a)'ﬁ
] 2‘ 0 O 4 2 (21)
r=or'/V, Y=YV, , 5
where V is the Alfvén velocity defined by
v2 - Hg! 4 Ttp L LN 4 .8 * e (22)
and B is a frequency defined by
0. =g HY/ (23)
0 0/ pu L s a s

Hence forth the primes will be omitted.
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The fundamental equations (13) and (17) can now be expresscd

in the following non-dinznsional Foro:

(2/26-9Dh = 2/d>x + curl I ...  (24)

dW/ >t =3W/3% + Lal+ R+ Yo (25)
whereo
g:-grad-—%‘-[p+§;*£(;}c+p_)2]... (25)

Introducing the selenoidal veotors W/, X and ? such

that
h=ocurly, U =curlX (27}

we sec that equations (24) and (25) respectively can be

put in the form

Y.
(-\5@-1? - ve)g - a X + _:_[_ e “«ae (28)
(_.C%:._)fvz)')_{.z g.f + B .. ... (29)
where
curl_B_:‘-l)[/\_;g + E . s e (30)
which implies that
FE=lpR .. . (31)
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§ l.2 INTEGRAL TRANSFORMS USED

1. The Heaviside transform dencted by broken brackeis

around the traosformed symbol. It is defined by
@ ~pt
Ly p) = p OS ¢ yplz,ede ... (32)

Integrating by parts shows that

(2P > = p&Y > - wo>---————;> (> yo)-pW¥q
Where

=4 (5,0 Wy = )

=0

mgo and Wél will be neglected in our results, since

icifially the field is uniform and the f£1luid is at rest.

2. The double Fourier transform denoted by a super-

script star, bthus:
0

wﬁ(f,m,z,tk Sg ~y (Xy792,%) eXP{i(fxmy)] dxdy

-0
eee (33 )

the solution to which is

WX, 742,48 = S@f_mk)*(f,m.mt)ew[ —i(fx+my)]d:3’dm

eee (34)

4 ne

3. Tno Fourier transform denoted by a superscript

dagger, thus:
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oG s
w+(x,y90,t) = .S‘ ’L\)(X,F,th) e*t? 4z (35)
-Q0
the scolution to which is

[89)]
W(Xs:)’azst) = "2":‘!&"_:‘ --OOE 1 (x,y,n,t) e-lnz dn (36)

§ 1.3 TO DEFINE I

Let Ix and I_ be the x and y ccomponents of I as

J
defincd in the summary by

1=11 0(p - a).H(E) ;

then
Let £ = {cosa , m:%sincr.
then %2 = £2 + m2 .es . - (38)
and { x +my =p Fcos(f - a)
also

I§ - -il_x Sin (1, Ia; = ilﬁ cos ¢ a8 asa (}9)
It then follows that

K o ¥ - *
I'=11 sina incosa

Applying equation (3%) to equations (37) and substituting

the obtained values for Iﬁ and I; in equation (38), we have

il

* - -1 ?DS_ I cos(ﬁ—a)@(gJ-a)ei(ﬂx+my) dxdy
—00

1t

2 pali(ay)
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wherg Jl(z) denotes the Besgsel function of the first kind
of order unity. Making the substituticn
2

M= lim mwa~ L
Qe O
we have
_I_Xs E_Mo LI ] LR ] CRCIE Y (40)

Then equations (37) show that

—_---imM ’ I;;:'ifM e cee (41}

'
Ix
§ 1.4 PROCEDURE FOR OBTAINING A FORMAL SOLUTION

&pplying the Heaviside transform as given in egquation
(%32), the star and desgger Fourier transforms as shown in

relations (33) and (35) respectively, squations (28) and
(29) show respectively that

(p + 524- n2) <wﬁ ¥ & = ~if <;>f+> + .]=¢ * (42)
(p+ ¥ §2+ Y D= - A S KEY> (4
where
Hy :
(E >=—]2'—£—2— Ix_]_.g ’ ersae (44)
g + 0
so that
<8 >= "21‘-:; 1 o S 2L (45)
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Making use of result (44), solviag equations (42) and

(43) simultaneously, we have

2 2 .2 2
AP T* (3+ﬂ)*YL€ +n%) + [ (/-4-6)
IS AT 22en ( 82md)r Y( 4 20D) 2] P

By o ¥ L L 1, (47)
X2 (240" [p%4pp (45402)ay( 42 ] 7
where b = 1 + Y e oo Pee ces {(48)

Jt is b0 be noticed that

‘ ® ¥
sz=0 ’ x;‘:O
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