HHOI20  How Deex the Geomagnehic Feld Anse. ?
The. geomogretic field > welf appreximated by
Q maognet dipote. with poy lose To the geographc
poles. Ly =Y e nagnetr o
oted fo the Spinning motion of the FartA ?

In leco, Gilbert provtded the frsl
Scientific expéanation — fbgm
Q huge irageel. But the Core ferpertue
> hgh —% no fEpomagnehc order ...
Einstein syggested that there may be SYgAT as

the an e@zofrzm ard_a proten.. Rotating
(‘/\a/geolotgeofs &qo/?fo /OL S /_, W/)ene/a > the dlipote.
wement and I ¢ the angelar momenten . Blackelt ( Aobel
Laureatz 1948 ) tred To find the retation befween /ZZ\ and /.
Without Success -

H.%

D Scwrces of the B tfrefd. A mognet Generates the B
fielod and the @\@@Q) Current adso doen the magic. Ir
the Ceurent & Steady, the Cbﬂ@&pcmobrg Maxwedl eguationd
SiImpliRsy withcud coupling fo he E s

VX@;_/U“* &*Am(Oe/’esQaa)m ditferentx) faem.
. il 17 Shatl be C@WWW
V-5 =9 density T > the Sowce of the B.

tield, ax the Sewrce of the E field. Note that
ﬁ)en’bgﬂehc obpo&momenf /a—"g/%S (m&e/\ﬁ%m
lectron sping) is NOT included o the Maxuedl

equations , even thoygh L Can generte the B B feld. g\@ﬁ—“
So, mor T Cause the etic field ° R
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Z, Fczfaofaﬁé) clynamo . It fers out that the g
of 360#\&:0%@?7‘(: el o the Quurent censity T 7o
wrderstend 1his pheromencon beffer, we 8721/’7‘ LSsrth the
Simple. chs:ah)/o Avnamo. B 7>
CHRES A conducting dlisk iatng g »
ai“a/gw@zr(/eooa#yw N the B@e@?/
will senerate a motiorald EMF € befween the Conterand
oo L ‘O’SJQLJ theedge. The EMF, actigas batery
will drive. a current i the Loop.

SN

4o T

i@T up consider a Simpler geometry z‘?nsf a /?ﬁoovg wire.
B . o The Lorentz farca Fau= 90 B Causes
° @E\»_& _Fi" = e e&oﬁaﬂb%omove initialy. I
Fe the Steadly State, He accurated
inihal S;‘;;dy Chauged beukel wup an ebokic Fe,
The onfagQ difference of a rodl (Gngth
e AV=vse ¥ol &

NMow, put the moving red on o U-shape circuit. No magnehi

e foree acfson the chagges Iin the Statonary
B —» 5 U-Shape circuit bul the charges rear the
T < endls of the moving rodl. acfjust thenselles

“++

to Create an E el as discused before.
Within the rod, elschons maove Fom higher Voltege To Lower
(@> inthe battery ). In the U-shape cireuit; lochrons mae
from “ower To higher potential (ardl dixipate erergy) .
We call this pofential différence [ E= vRL J %\\@g
motional electromctive. toree (EMF) “”
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Suppose the resistance of the whole Cirowites R,

- __6__1 — UBQ —_ _ 2 _ O%z_eq_' !
B R L‘? TR

TAiS ¢ the power of energy disojpation threugh
Teube heal” Where dloex the eneqgy come. from ?
= To keep the rod moving at censt O, oF

FT - UF
_:j > necessary bapp@ an externay) fore
| B B 2

The power provided by The extemal (Gree Len & cclenhaxl,
the Same as the dissipating power: @

Now we can Come bock to the. Faradoy$ disk. The spesed
b al radius M > O =rw and he corresponcting
E field ¢ E=UVB =B . The BMF canbe

Compude] Z))/ mz%@fbﬁon

E = fEdP—@B/Fq’r*:‘ZL@B@Q

Thuxs, a fbfafwg metzl disk i +Hhe B Feld acty as a battery
to dnve the curent @ . Suppose we canect the Genter usith
the edge into a Circuit of residfance R . The curent &

) & £ _ wBe*| [lefwr wao@%e

~
I
A

T 2R

= T =fr“ch frrgdp Igf/”q’r\

wBe* | g not frez Lo reen 8\\
—» |T L ot
[ = ] the dynamo QOM ﬁg}
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Because the dyramo o an Stendly Sfafe, we expect
P(input)= Plcudud). The inpud power o> fom the
exteral Torque

~ wBet _ uWee*

: e ) 7
\ A4 Vo e o Y
The oafpcd” Powel (8 %@48/\ JE)LLQQ heat dissipation,

_ wBe _ 608? P

an_r’q"(m)' 4R =L, =

D Dyramo theory &r geomagnehc el So far, we Aove
cgr\oreof the B frels] Gereed by the incluced cwrent. Let
us fry to include the. féedbock info the olynamo. We can
B sefup o oiradfw:&hom here. The
t:h n B fed +he Cuerrent
vu/\:‘ ueS téedback o the Cuerent.
The Sleady state depercls on howr the
Cirewlt (S sef up. Let us apply the dea to the Earth. The
outer core consists of” Condlucting (uid
Spinning with the Earth. Eyen ahiny
: H il Qause. Some cerrent:

In iating Puuds, these Currents appear

Ireling oyl Nns 7 the

ad
gﬁe@d 2y enharced. The endanced B ) generaiey
more CerentS  and the Stecdly stofe Neads fo be Solved.

Sedf- ConvidtentBy @ Because #hede Toylor coluwmns
tend fo alan with the retefion axis, ¢t expains nhy }

he aeo o are
geormagnetic poles are close To the geagraphic onen.

IR
@, 8):
- T
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For the dyramo Stenario 1o work, three critena
must be mel 8
1. An elbctricaty corchuoting (el medin. ]
2. Kinetc energy provided by the Earth.
3. Convective motion within the fluidl. |
It may seem o bit strerge wf\y Convection & necessary . TP we.
axsume the generdized Olms Cawy /8 #ae

tg* O*(E+ox@,> —> Subshtute infs 2 —= -~ UxE

.@ﬁ.:_"\x =B\ s 03 UxB /on —» UxT=-VB
e (OxB -LT ) S e o

The above equation becomes the So-Qalled incluchion equatron,
3 VX(();(B)-—J- VE) Wr#mf@ﬂwwm(@—o)
t O the ovcvlmajy AR ion

C@f\veoﬁcm dnf?%’won SQuation and the B el
decays exponentia@ly. I & Quute ineresting that convechon
and diffewion fegether give o qualitahve explanation @Y'
the geomagnetic el &

THREBT,

20/% 0320
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