Energetics of
Ferromagnetism by Leon
Dragone

When a Permanent Magnet is placed inside a coil, and
the current in the coil is turned on, the coil's field can
aid or cancel the PM’s field. If the coil cancels the PM's
field, the magnetic energy of this field is lost from the
environment. Where does this energy go? To answer
this question, let us describe the permanent magnet in
terms of its circuital Amperian currents, 1.

Consider a cylindrical permanent magnet which is
magnetised along its axis as shown in figure 1a. It is
customary to describe the PM as if it were a solenoid
having many turns around the cylinder's lateral surface
and carrying an effective current I,. See figure 1b. In
this case one can describe the PM's field energy by the

formulal/z L1, 2, where L., is the effective

inductance of the PM as if it were an actual coil
carrying the current I,,.



Now suppose that we put this PM inside a coil as
shown in figure 2. We switch the coil on in such a way
as to cancel the PM's field. The field energy for this
situation can be written as

Winag = Yo Lmla 2+ /o Lel; 2 — Mgl cumncs

where L. is the inductance of the coil, [; is the current
put into the coil, and M Is the mutual inductance
between coil and PM which is to be thought of as a
solenoid. When the coil is turned on, the PM acting as
if it were really a coil driven by current I, , should be
aided by an induced emf so that the current I, should
increase. However, I, is atomic origin and cannot be
altered. Thus by the reciprocal relation which exists
between coil #1 and permanent magnet acting as coil
#2, this induced emf must end up in coil #1. Therefore
the induced emf acts to build up the current I;. This
makes sense since we start with the Magnetic field of
the PM and end up with no or almost no magnetic
field. The field energy that disappears from the
combined coil and PM’s S5 system must appear in
some other form. Differentiating (1) with respect to
time we get the input power

Py = Wiy = Lol — M,



It is seen that this can be negative if I; and I;, vary
within a certain range. From this we can compute the
coil's Input voltage as

Vin = Lly — MIGL /I

IfI, = 0, W = %Lmla 2and "W = 0 so that no Back
EMF can exist in an un-excited coil near a PM. But if
I; > 0, the back emf V4, = —MI,1;/I; begins to

build. In any practical demonstration of this effect, we

must include the I;R drop so that V;,, = L_.I; + RI; —

MI,1;/I; gives the input voltage to the coil. For certain

values of I; and I; , V; < 0.

For a numerical example, suppose I; goes from 0 to
30main0.1sec. If L, = 2000H and

R = 20000 Ohms, then V; = 2000x 0.3 +

20000 x 0.03 - MI,x10. We can only Estimate M and
I, but typically I, is tens of thousands of times ;.

Further, M = K,/L.L,, which itself is at least an order
of magnitude. Since we know that Magnetic Field
Energy disappears, we know that I/; must be negative
and judging from the order of magnitudes of each of
the terms in V}, is itself at least three orders of



magnitude. Thus for the numbers given, we would
expect the input power of between -30W to -300W or
so. Thus V; < 0 but within a certain range of values for

I; and I;, Also
P, = L J;1; + RI? — MI,I; <0

The interesting observation to be made here is that the
PM’s field in S5 can be “Shut Off” by outputting its
energy into the external circuit. If at the same time

instant ¢, the external circuit were removed, we have
no closed circuit. However, we can predict the final
result: the PM Field will again be present and the

current in the coil will cease. But how can the isolated
coil-PM system S, gain back the PM’s field energy
when it has been cut from the external circuit? The

situation appears as in figure 3. What happens in the

transient phase?

From what we know about coils and back emf’s,
something must happen within the coil that will allow
the PM to again become uncovered; i.e. obviously this
current in the coil will go to zero. From an energetics

point of view, a field of energy 1/2 L., 12 will appear

and the coil current must relax in such a way that this
energy which was formerly dumped onto the external



circuit will be retrieved from the coil-PM system S, as
now isolated. Two cases occur: a) The coil is shorted
immediately upon removal of the external circuit; and
b) The coil is left open. In either case the end results
are the same after transients, the PM’s field returns
and the coil becomes passive.

In case b), we need not worry about the coil's I?R
losses or about the coil itself during the relaxation
process. We can then think of this transient phase as
follows: Imagine the coil to be a ferromagnetic sample
and the PM is to act as a magnetizing agent, the coil,
acting as a ferromagnet, has a remnant field which at
t, just cancels the PM's field. As the transient process
begins, the PM field must un-magnetise the coil.
Remember, the coil is acting like a ferromagnet with a
remnant field. At the end of the process, the net field
will be Hy which was what the PM's field was before
the coil was excited. The graph for this process is as
shown in figure 4. Clearly, the energy for this process is
given by E = fHdB as it is in any magnetising process.
For the curve shown, E = [ HdB > 0, so that the PM
is doing work ON the coil. The energy required for the
PM to so act on the coil comes from the Amperian
circuital currents or from the PM's internal energy.



Hence, those circuital currents suffer an energy loss on
an atomic level. But it is impossible for the circuital
currents to diminish because quantum conditions
within the atom are far more stringent than the little
perturbing force of the coil. The loss of energy will then
be drawn from the PM's thermal energy on the level of
kT and within the PM Itself. The thermal energy of the
PM will thus decrease, and so the PM will cool. This
latter phenomenon occurs because we assumed that
the PM does not change during the entire process; i.e.
the coil's field, on or off, does not alter the PM’s
domain structure. This is a fact which is known to be
practically attainable. Further, we can always choose a
range of I; values so that the whole process will lie on a
Barkhausen jump where the B of the PM remains
constant while the H.,;; changes provided the current
I;, so chosen, and its rate L-, also lie in the negative
input power range. Also by making the coil physically
large, the remote part of the PM's field can be
cancelled without undo stress on the B field near the
PM. Thus large amounts of magnetic field energy can
be cancelled from the coil-PM system and this energy
dumped into the external circuit without stressing the
PM to change internally. The entropy of the PM will



remain constant during the switch on process. During
relaxation however, the entropy of the PM will
decrease because its internal energy will drop as it
drives the “remnant" field out of the coil. Cooling
means an entropy drop even though there is no change
in the PM's domain structure. The PM will not drive the
coil to positive magnetisation since at B.,;; = 0, the
coil becomes passive and all currents within the coil
cease.

The final state, after transients, is of course, identical
to the initial sate. Therefore this process can be
repeated cyclically. During each cycle an amount of
heat Q will be absorbed by the PM so that it can
remain in thermal equilibrium with the surroundings.
The entire cycle would require from 10 to 100
milliseconds so that from 10 to 100 cycles can be made
per second. The numbers chosen herein are typical of
the orders of magnitude that | have experimented
with. Obviously, they are not critical with the exception
of the large coil because its relaxation time is long
enough to switch off at time ¢,. If the switch off time
dt is of the same order of magnitude as the coil's
relaxation time, the negative power will be dissipated



in the switch or retrieved by the coil from the external
circuit.

Since the energy dumped into the external circuit is
equal to the energy that disappears from the PM's
field, we can also calculate the "free energy" directly
from the part of the PM's field cancelled. If Byis the
value of the PM's field, the energy of its field is given

by Ennag = 1/2 u [ B2dt where the integral is over all

space.

B2 : :
Far from the PM, B? = T—Z and typically By is
1 Watt/m2

We thus have
Emag = 1/2/1f f—?j r2sing drd ¢ dt
Or
41 x 1/2uB§f 1/r2 dr-

Since the angular part gives 4w and u = 1072, and we
are going to choose R to be larger than the physical
dimensions of the PM, we can write

Emag = 2m/107%B3 1/Ro'



Using By = 1W/m2 , and assuming that the PM's size

is but a fraction of a meter so that Ry = 1 mtr is far
from the PM, we can estimate E;,,, to be 200 x T =

614 J. If only 1/30 of this field energy is cancelled by

the coil, about 20 Joules of energy will be dumped into
the external circuit per cycle. For 10 cycles per second,
we get 200w output. This means that Q = 200w =

50 €al/ .. will be the rate that the PM will draw in

heat from the surroundings. For a 100 |b coil-PM
system, we yet

50 Cal/sec — A TSM
= AT(0.114Y/4)(100 b)(4549/,,)

Or

AT = 50/4994 Ok/sec

where we have assumed an average specific heat of

0.11 cal/g_ For an adiabatic process, the coil-PM

system must suffer a temperature drop of 1/100 of a

degree Celsius per second. Operating adiabatically for
five minutes should cause the system's temperature to



drop 3.0°C. Temperatures of this order of magnitude
have been actually observed on the Electro-Entropic
motor. Of course, the motor's coil-PM system was not
thermally isolated so that a continual drop in
temperature with time was not observed.

It struck me that when big coils were switched,
sometimes very large arc back would occur at the
switch and other times virtually no arc back was
observed. The previous discussion clarifies these
qualitative behaviours. For certain values, of I; and I;,
the negative power was being lost in the switch other
times it was not. Of course, | was dealing with a
rotating PM and was not controlling I; or I; at all. It was
by chance that the correct combinations of current,
current rate, and cycle time were combined. This
explains why high efficiencies were measured only
under certain operating conditions. For the Electro
Entropic efficiencies of 2000% were measured. The
measuring process was a no load situation and the coil
load was the accelerating 5 Kg armature. The cooling
effect was also best noted under these operating
conditions. Also no regard, was given to the polarity so
that sometimes the motor operated by repulsion as in
the Jones’ motor, and sometimes by attraction. Clearly,



negative power and cooling requires attraction

between coil and armature. Most of the tests made
were with an eye toward repeatability. | therefore used
various input voltages, currents, and polarities without
noticing what they were insomuch as | was getting the

cooling effect repeatability. Now | will renew these
tests with an eye toward these differences. Again, and
for the record the E-E motor has an efficiency of 20 to

1 in a no load situation. | think this motor should be
looked at by the institute and this over unity effect can

be verified first hand by you.

The "black box" device was my attempt to do away
with the moving armature of the motor, as |
mentioned, this device had an over unity efficiency for
the two tests | performed.

Further tests are needed. However, from this device
can be gleaned the arc-switch. This switch and a few
simple circuit components, can control [;, L-, and
guarantee fast currant off times. Even solid state
devices have difficulty in turning off large currents in
short times. The arc switch has a shut off time of 5
microseconds for a current of 60 amps at
demonstrated on the scope.
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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



fer bthe eireuital oarrenkz to dimirish bkecavse guaokhn
eenditions within the atom are Ffar more skringent than
the little perturbing force of the coil. The loss of energy
will than be drawn from tae FM's thkermal eonsrcy on the
level of %xT ard wikhin the PM itsaelf. The Lharmal eneryy

of k9= PR will thuz decreame and s3 fhe FM will ool
This latker phencnancon ogours becawse tre assumed  that foe
PM daes not change during the entlie process; i.c. rhe
cnil's field, on or off, E.l_.:_:-.Ed__:}:-t altar the PM's Jdoimain
akppcture, ‘This is a fack which is known te be practicairly
abtainable, Turther, wa can always <hoose & range of I,
wallies so that the vhole process will! lie on a Barkhiusan
jomp wWhere the B of tie PH remains copstank while the H ..,
ghanuwas provided the current 1., =o choeen, ard its raba
'T‘Ii" A &2a lie in Lhe negatlyve 1npuf powar Fange. Bl=a,
lyy making the coil shysicaily large, Lhe remeis part & E
tha 2M's Fiald can be capcaled withowt unde skress oo the
B figld cear Cthe B4, Thus large anounts of magoatic Ilzla
snergy can be canceled from the ¢eil-PH syshen akad this
aingray Jdunped 1lnke the external sizcalt withoub stressing

Ehe [M T shangs inbBacnallz.

Phe aptropy of the Bd will remain constant Auring the the
guibeh or progesz.  Suring relaxation however, the eobropy
af the PM will &ecrease because ibs internal eosrgy will
drog as il drives the "pempnant'' field oul of the ooll.

fecling means an entropy dEop evead thoagh there is no change



in the PHM's domain structurc. The PN will nat drive fis
=nil teo positive pagnoetlzation sionce at B, ., = b, tam

coil becomes possive and all curreats within Lhe o1} oeasih.

he fimal state, alker trapsients, is of course, ddentical
to the Lnitial slate. herefore thls provess an 1.,
rapoated syclically, Doring eash ¢vele an ampant of heat
0 will ke absorbed by Ehe P s0 Ehat it oan remaln Lo
thermal eguilibrium wwithr Ethe surraundings, The entice
gyele would meguire Exum 10 to 140 millises ao that from
10 ko 100 oycles can ke wmade per $ec. The numbers ehazet
hereln rwe Lypical of the ordaxs of magnikdde thak T hrun
eeperimenbted with. Ohviously, Cher ate ok critical with
rthae excepbicn ©f the large ¢oil becavge its relaxat_on
tine iz long encugh to switch off al time . 1T the switch
aff Lime dt ii of the same ordec of magnitude as Los coii's
re.axarion Time, the regative power will Dé Aizse lpaiad
in khe switel or rebrieved by the coll from the external

circult.,

ciqce the anergy dumped fnks the exrernal cirmceit iz edail
tea the energy that disappears from the PH's field, wa zai
also calevnlate the "frse anescgy' directly Irom the pavk
af Ethe B's fisld cancelled. LI B, 1# the walue of the
PM's field, the spergy of itz field dlg given by

E - 1ILM_T Ezdv whe=s the inkegral iz over all spase.

mag
2+ ! 1 v
Fa» from Tthae FH, Bz = 'E‘”I.I"J:‘l1 and rywicelly E'.:: is 'Iw.-"'-ﬂﬁ.



. o _ ; A B S ;
e Lhus have Emag 3 ”Eﬂfﬂuh rsin Hdrd s da or A7 x

‘IIE}L Bgfur-'ﬂgﬂr_ Stnee the apgmular part gaves € IF and
?

AL = 107", and was are going tc <hoose Ra to be Larger
than the phveiral dimensiona of the PH, ws can wiite Emz:q
N PR Hﬂﬁ 1"Ip‘c:-' Oz ing Bﬂ = 1wf'rn2,. and aszguming thazs

the FM'z mize is but a fraction of 2 meler zo thet 7 =
im 1z far from the PM, wWe oan estimake Emﬁ_r=1 ko ke 224
wFf = A1¢:-J. IFf only 1730 of thia fizld enrrgy is cancellc
by bthe coil, aboul 20J of energy will pe dumped iete Th-
axkarpal cirzcuil per cysle, For 10 wycles per second,
we get I100% goutput. This means that 2 = 200N = Rlvalfsag

will ims Lize tate Lthalt thke 20 will d4rsw 10 hear frem the

surronndings. wor = 10{ lb c¢oil-Pmn system, we gel 50

calfzeq = & TSHM = A WL, ilealfg) (100 1b}i354gi1ln)  ox
AT = 50/4384 ®kismo, whers we have assuwred 2n average
suenific heat of Jd1callg.  For apn adlabetic oroczus, the

coil-FM systen nust sufier a temperatura drop of 17100
A€ a degree Celsies per second, Joeratiog agimbaticslly
ror  Five miuules should cruge the syotem's facparature
te drop 3.0°C.,  Temperatuces of thiy order of #prganltude
hove becn actualiy shserved en the Elegtro-Entropic nolor.
OF aourse, Ehe mkotor's soll-PM syetem wap nab thermeliy
ignlated so that & contisual dyop in tempsrature witn kime

was not observed.

Et slhowuch e bhet when big eeils wore switchoed, sometbines
yary large arc back weould oeour at the switeh and oTher
Fimes vistuwally no ace back was okserved. The previous
digcussion clarifies trese gualitative behaviocrs, Fioar-

certain valves of I, ane L., the negabtive powery was Beiny



toat in Ehe switech obkhaor times it wasz nol, 0OF course,
I was dealing with a rotating BM and was not contralling

F

I:’. o Ii gt atl, It wazs by cheanca that the oocract
comuinations of current, curcent Tatz, and oycle Lime wers
combined. Thif explains why nigh efficisncies wers meastEsd
anly wader certain operating conditions. For the Elactis
Entropic motor effiglencies E 2000% were mensured. T-..
measurirg process Wex A na Eboad situaticn and the only
load was the accelerating % Fa arrmature, Tie cooling effelx
waz also hest pobed undar EBhesps goperabing egnditiens.
Blen o regard was given to the poelaxily 5o Ehal somshimss
the mekor operabed by repulsion ag in tre Jomas' mnotor,
and somatimes kb abtraotion. Clearly., hegative power #nd
coallng  seguoires wibrattion between ooi. and  armabwre.
Moat of the Lsests mads were with an et Sowerd tovard
repeakability, T therefora u=ed warious input voltasss,
currenks, and polavitlies without nebtioing whak thay rarae
inzomuch a4z T was getting the cooling eifect repaatzbly.
Mow I will yenew Lhese Lesis wWith an eye toward Lhese
differencas. again, azg¢ for Lhe reoorkd, the 2-E moter
has an eificisncy of 20 to 1 da a oo lead situstion, 1
think this motor should be locked at by the Iangtitute and

this over unity zffect can ke wverifled firsk hapd by sou.

The '"bleck baox" davice was oy attemph Lo do away wilh che
paving armaturs of the motdr. As T meabivned, this duevice

had mn ovar wnitvy efficiency for the Lwou Lests I werforned,



Further kests arae owedsed, Bowever, from this device can
h¢ gleanad the arc-switch, This switcn and a faw simple
circuil components, <ail ConbtTol J, ., &i' arnd gugrdules faszt
carrant off times. Even £0.id state devices have difficuliy
in tuzning OFF larga currects ia shork bines. Toc are
switeh hea @ stnt off time of 5 nicroses for a vurrant

wi &0 Amps at damonstrabted on the scoDe.
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