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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 .







































