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Figure 1:
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1: Power Supply = System S1

2: Coil-PM System = System $2
3: All Space where Magnetic Field
Energy is non Zero and

including $1, $2 = §3 Systems.



Figure 3:
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Energetics of Ferromagnetism by Leon Dragone

Whan =z permanent magnet is placed insids a coil, and.the
curreit in tha eolil is turned on, the egll's field can
11id or cancel the B¥'s field, If e coil cancels the
Pi's field, the magnetic ensrgy of this Fimld is dast froo
the envicormnent. Where does this energy go? To ’ESWer
this ywesLion, ist ua2 Adveorlibe Lha percanant magneb 3n

terms of itg circunital Amperian curcents, Ia'

Constder a cylindrical permanent magnet which 1= magnetized
along its axis as shown in Tigure 1a. It 1z customary
to deseribe Ehe PM as 1f it were a colanoid having many
turns arcund the cylinder's lateral surface and carcying

an a=ffective ourrent Ia' Sce figure 1bo. ITn this casze

A

o can describe the PM's field snergy by the Pormula b7,

whers L_I1| is the effective Inductance of Ehs PH as iE it

a

were an dctual coil earrying the curcenb I -

How suppose thalt we put thia B inside - = ooll as shown
tn figure £, We switch Ehe cotl on din such a way as to
canesl the PM's field. The fiald energy for this situabLion

can e wrltien as
a

i

CS .
Mg 5 {;Lmla + éLch

MI ;¢

whers LG iz the ipductance of the ecil, Ii iz the <urrent
put inco the eoil, and M iz the mutpal inductance betwasan
cail and PM which is bo be thought o as a solenaid. When
the coil is rurned on, Ehe Fil acting as= if it were veally

a coil driven hy curpent Ia, chonld be aided by an induced



emf =a that the curcrank Ia should 1lpcoreass, Hawvever, Ia
ja  atsnle origin and cannobt Re altared. Thusz oy  the
reciprocal rolation which exis:s hetwaan woil f1 and
prrmanent magost acling as ecll ¥2, this {ndnoed &mf oust
end up in cail #1. Therelors the induced emi mcts to huild
up the current li* This makas Eense S5ince we FLErt with
the magnebtic field of the PM and end up with ne or aliost
no magnatic field., Tha Eield enengy that disappesrs C[zom
vl st J5? system oust  aopear in some other foxm.
Differantiating {1) &ith respect to time we gel tae ilopuk
LOWeT

r L

r
ooty § L.isd; - MIati

1t iz =meen that this can be negative if I, and I, vary
wlFhin a certain range. From this we ©aQ ponpute the codl's
lnput wolbage A%

Viy = LT, - i S Y

it 1, = %, W o= %-LHI;‘ and W = 0 =& that ne hagk enf cao
sxiat -n an unexaited ocoil pear & FM. gut 4if ii = i,

r CE C N 7 i .

the back srf YV . MIaIiFIi magals Eo kalld, In any
praccical demensiraticon of this efiest, we mast inckode
the i.E drop su thakt

win = LﬂIi + BRI, - mTaIifIi

gives the Input valtage Lo the coil. For cerlain waluss

mf I, amc Ii' vi-i .



¥or a ngmerical srample, suppose I, Soe% from @ to 0ma
in ilsec.: ZIL L. = 2,000H apd R = 20,000 ohms, then ¥,
= 2,080%.3 4 Z20,000x.03 - AT x10. W& AN pnly eatinata
A and Ia bul. typicgally Im iz teps of thousands of Timeé
1,. Further, M= K{T_E, which itself is at lesst an ordar
of magnituda. Sinee we know that magrnetic field onevdy
dizoppoars, wa kiew that Vy mialk be negablve and judgioy
From =he ordar of raghitudes of each of the Lerms 1t '.'i,
is itself ab lezst =aree orders of ragnitude. Thusz fox
the pumbers given, we would expach the ioput powazn of
bergeen -30% to ~300W or so. Thds ¥, o= ¢ jut withim a
cartaln ranye of values fer I, ard ii‘ I.i"slscr.
. = . :

I’:i.n = L:'Ei]:i_ -+ ‘RIi - t-:Ia_Ii £ O

Tha interesting chuervation £o bs made bera 15 Lhat [ =1
PM's fiEléRﬂEﬂ be JEHUT DFF'Fby sutputting 1fs enz2egy into
Lite sxkermal circuit, 1F al the saws2 lusvant b, the
exrsrpal olsenit ware removed, we hara na olosed airculit.
oswraver, We oan prediet the final rasulie: Ene B fiald

will agein be present and the ourrent in the <¢oil will

5

CERss, gt howr can the isolzted coil-FPM Eystem"‘again hagk
rha FM's tield encrgy when 1L hies been cukb £rom the sxbernal
mipowit?  The situation appears as in  figure 3. What
nappens in kbe transient phases

Prom what we koow abouk coils and back enf's, scmething
must nappen within che coil that will allow Bhe P be dgaln
become uncovered; 1.=. obviously Lhie cugrant in the codil

will go ta zero, rom an spasvgebics a0int of view, a Tl=lad



wf encrgy &Lmli will apoear and the ¢oil current pust rolax
in sech a way that rhis ensegy which was Ivrmerly dygoec

Erpdar Ll aﬁzgrnnL cirouik, will ks eskiizvwed from bhe esil.
-2

Moo pov lsoclabted. Two cases oocour: a) The oodl

BE  ayvsham
is shoried immediately wpon rwnoval of the external civenlt;
and B] The cpil is 2L apen, in &ither rcase the ond
rasults are the same: after transients, Lhe P’z Jield

reterns apd the 20kl Dhecomes pasiive.

Trn raze bi, we nead noo worpy about the ooil's IER luszas
or aboul the ¢oil itself doring the rcetaxatlion profess.
“de aan Tthem think of thiz trangient thase as fallowsa:
imagine the codil to he a ferpomagoetic sample and bhe 1%
iz to act sus a magnebizing agenk, The ooil, actlrg a:s
& Terromagnet, lud o remoant fi=ld wiich xt tﬁ juak cancels
the EM's field, NAs the trensient progess bBegins, Che FH
field must unmagretlzc the ooll. Renember, bhe <oil is
act.ng like a ferromagnet with a Temnant field, At the
and gf the process, thke net field will ke H_ which wasz
wha: rhe D'z fleld was beforc the coll was excited. The
qrazh for chls puweess i as phown In figuyxe 4. Clerrly.
the snergy for bhis brocesas is given by Box 5 HaR a5 it
i% in any magnetizinyg process., for the ourvs shown, E
= IH{]E » , Do that the PM is deinyg work OfF tha coil.
The enerdy regquired for Lhe BM Lo 20 avkt on khe <oil comss
frove  che Aaperian circuital surrents or from the pM s
leshin el  SRCEGY: Iencey these olrewital currents snffar

an energy loss o an abtomic level, Bul it iz Ampoesioie

































