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The »roble- »F Lwpmet. . rodiu.-ic 48U .riinced Ln an
infinite 11 :i¢ hap been firrt aiic: 5ed by b,.i, koberts ®
(1957) where he h.s suddcnly iniroduced an  infinitesi

ma)l current elemna-it .
d=4 (t) (r)

in a non-viuicous fluld of {inite clectricel conductivity.

N.G.3 el Hohandis " (1959) has extendcd the problem
after that by discuwsing the hydrodynamic disturbsnces
and fluid motion dut to t'.e =.diden introcduction of a
MAGNETIG dipole in an infinite non-viscous fluid in whiech
a umiform field L, is prevalling.

The physical inportance ». llechondis*s work has been
discusged by F.i. Roberss and Fidet (1961)

* F.H, RObertS’ astr. Je no. P.P. (195?)

** M,G.S. el Mohandis, astro. J,129,172-193
(2959 )
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I = i WOk, we lncn | g VIl len 0t L e 0 acen

introdue ing of an  uioy oo a4

£1:14 in which

o = it s i U okan porellel wo e gt of the
dipole.
Chv wer 1 wiscuries m + ro«lhate solution of

the proilen iu n inilaize _vcium,

In cliprer 11 :she -luic in considered to be a
seml-infinite luid, bounded by insulating 1lnne }
and an approximate solution is obtained only ©T.L syme
metrial case where i, is take: to be paralle’ c. che
dipole axis and perpendicular to the pPlane boundary,

is considered,

In ckarter IIT, figures rerresenting the appr-

oximate rgsults h ve been drawn.

+ R, Hide and P.H. Roberts : The origin of
the Maln Geomagnetic Fieldi ch.2 g physics_
and chemistry of the earth, vols 4 (1961 )s
(pergamon press, London).
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In chapter IV, an oxwct nolution of the ;r—hlem for
an oucilisvin: olv»Ye dn L {n*indte fluild is discussed
for toth o ayametrie cnnc ( d. parallel to tho iiirole
axis ) oo Tor tio wnsyrs.clric cnse ( He = i Lx perpon~

diculipr .. &... il:0lc rcig Y.

e work of this chapter hag boeen already
[ LY ]

prubliahed .

e Pmceedings of the Imths. and phys. SOC.’ U.A‘n.
No-33,1969 published in 1971 .
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(Spproxinata colution )

rd

§ 1ol I000CouCilul g
Max woll's ¢-u~tions in t.o presencae of a woving electri-

cnlly conductin; ratter with volocity U oné eloctrial

conductivity & (eer.u, Bin: ussd ) are ¢

cllrlﬁ = -biy ot LI ) * s LI ] sen st e ey L LI (1_1)
GUI‘}._; = 4*'}2. s s e o s . s @ ‘e oa . s e " ' (1-2)

6 (_:1: + E'l .I_.:_ )o- ®e e se08 aze saE se® waw (1"5)

[
1

21

= C ’ (..ivg_zo. FRSE Bee ¢a24 swe aanw (1-4)

wiere £ 15 the elcetric ficld, I the mugnetic field, J
the clectric current .

Taking the curl of equations (1-2) and (1~3), substi-
tuting in equation (1-1) and applying conditions (1-4)
wo haves
B / Bt = (1/4F6)VH + curl (WaB)es eee oo ovs (1=5)
The hydrodynamic equation is
Qu/AC = P 1l F P eees cas ses ces vas ane ses (1=5)

where d/dt= 8/5 t + 4. crad « ... ...( wObilc qperotor)
and the moving matrer is considered to be an incompress-
ible, inviscid fluid with density e and hydrostatic pre—

ssure p. The only force F in this case is J . H which is
the mechanical force experted by a mognetic field
on a volume elerment of the fluld
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oarrying a1 current deucily o fioc Gie equstion of c¢ontinuity
shows that,

diV‘l_.l_ t\ra“ LA R R I I B R A I R I NN R I N R RSPy (1-‘7)

Bquationy (1<5) and (1=.:) pogether with conditionsg(l-4)
and (1-7) are the fundamentul erurtions deseribing the electro-

magnetic fleld and its effect on the motion of the fluid,

§ 1.2 BASIC BQUATIONS

Let a source of desturbance be suddenly introduced at

zerc time in au infinite mass of fluid considered initially at
rest and penetrated by a uniform field Ho, acoording to this
sudden disturbance a veloaltyu in a pert of the fluid will

result as well as a small disturbance h of H., such that,

°+En.n-.'.l..lllool.l..a-.--...n.... (14)

<&

([~ g 1o+
I B

Where h clweys satisfles the condition
di?ll_ = 0 TS0 4GV BSOS e PO AR TIPS TR ER (1—9)

Reglecting squares and products of the small quantities h and
u , the basic equations (1-5) and (1-6) reduce to 3

/0t ~(L/A4TeEXFn = curl (u~H)

where H, is uniforr.
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SRS 3 PN pnu]&rg&.;rud)(ﬁo+h)
NI RTS i
e onone Tect Lol snd e oducts of the small
quantities §n and Yoo wees neooctans (herrad)u and(u, rad}h

also (U. raddi. =0 , div H= 0, djv u =0

There tore

s B VI BE S ¢)(?¢§ T Ao o SUG) W vl eiaa.a.. (1-10)
also eguction (i=h’ reduces Lo

du/dt =9 1/ o % + (u, . raqg) u

neglectin: : jaaresr ' U wr Anve

dua ot

=.;.;_:i‘,. }::‘" (1,”’)!1} ®* 8 4 J s 8 erstse “anaenae (l"ll)

using equation (2-2) we have
d X = /47 (curl %) £H
=(1/4" [(Ho+h) . curl 1_1_]
=(1/4™) [I_i_o acurl h+hacurl b }
=~(1/4%) Ho « CUrl B eevenvrcrnnnrnnnnnna (1-;-12)

d_t_J_ 7dt

also from vector analysis we have

grad (h-Ho) =h £ curl He+Ho a curl h
+(h.graddd + (Ho- grad) b
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H
= .

Lerourl 3o (o o rad) b
Leve ovourl fa (ello)=(lo=z ) . .. .., (1-13)
Butstituting trom (l=13) in (1=1<) we ..ve

4.5 = QAT rdCueie) + (17« 1)

b 4 (2‘,- Pﬂld)l‘: *se ses sse (l""l“’)

But
Z_;r-')d % (-z .A_ ) = ] ‘!d [ h “"22 . HQ + ;‘j;ua ]
= -;- Il ‘.12 + ;rad (g._}_’... )
1 o 2 . '
+ '2- mad I-ig = ;;‘ad(p-obg) ses sse San (1"’15)

where we neglect grad hz, and orad He = O
Substituting from equation (1-15) in (1~14) wo have

drE = (/A7) [(Hoezrad)h = srad (hai,)
= (/4™) [(Foegrad)n = crad X (hﬂz‘,)a]

then substituting in eguntion (1~11) we have

du/ ot

#

(/47T p)(Hoo srad)n-(1/8 Vp)gl'ad(.lf.l,"'go)a
i
5 ¥r

/4T p) (Eosreddls - § gradl(1/87) (2802 45)

L

(llq'n p)@o.g'rad)_}; "P e¢s sas sea ---.-(1-;-15)
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'h.“g = - g ‘oooc---.-.----.a.o.c-.-..o.ooo\t (1-17)
and
\b -é [(l/am (B"_l_l'o)z + pJ.-o--ot------oao (1—1.!)

which is the total (hydroatetic and nagnetic) pressure divided
aby the density.

Taking tbe divergence of equation (1-16) remmbering
that 4 and h are each a solenonidal veotor, W have sverywhere
in an infinjte medium, »ith no singularities

;T (Uv @) = (1/4THA1v(H,.grad)bsdiv P

div P
g (=Ta) =+92 g
=0

.04 div gﬂ"va moo---wotso--o.co----.-o--t.. (1‘.19)
§ 1.3 THE SOURCE OF DISTURBAIICE

I3 1s supposed that on oscillating magnetio dipole with
moment ~ 1s suddenly introduced at merc time at the origin
apng the s~axis, to act as a source of disturbance to the

above described original configuretion of the systen.
Putting

»=Mexp (1 w t)
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