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ABSTRACT: The eddy cwrrent loss in a laminated., constant
permeabllity (i.e. non-ferromagnetic) core material is
derived rigorously starting with Maxwell's equations. By
conparing the results of this rigorcus derivation with the
expresslon comnonly given in the 1literature, the limitaticn:
of tie popular exprcssion become imm-diately apparent. It
i8 also emphasized that neither the popular nor th2 rigorcus
results can be applled properly to the ferromagnetic case,
al-hough zuch an application is commonly referred to in the
literature.
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EN ANALYSIS OF EDDY CURREMT LOSS IN LAMINATED CORE MATERI‘L

INIRCDUCTION

1. The popular exprcssion glven in the 1literature (Reis. 1,
2, 3) for the eddy current power 1033 per unit volume &t l.w
frequencies in ferromagnetic laminacions which form the core2
of & long solenoid or a toroid is

g % e 2 )2 -~
D= gxm B d o -

the definition of the 3ymbols will be glven in the text oo
this report. This expression 1s de:rived essenivially by
finding the average effective current density from the
assumpticn of an average effective magnetic field. The lln2
integral of the electric intensiily vector about a chosen
area set equal to the time rate of change of the flux passiag
through the area, plus the use of Oiun's law, enavles onc .o
find the average effecilve current cdensity. Squaring this
current density and dividing by the conductivity ylelds the
powxer loss expression given above.

2. A more rigorous solution to the eddv current power loss
problem for & non-ferromagnetic -~ - . constant permeabliiity
can bte obteined by solving Maxwe_.. « equations. This solution
for the power loss per unit volwie cbtained by this method,
and derivecd in detail velow, is

L= -'6-KTT:' Eff{‘iC‘LzO' for Z‘.Trd \]crpif <3

\Y/ (I1)

1 Y\ o €
EaomuBaft o d for endVSaf 33 (un

A comparison of the popular expre:ssion (I) with the
rigorous expressions (II; and (III), derived for the non-
ferromagnetic case, shows, smong otrer things, that (I) also
cannot be properly applied to the ferrowmagnetic case. Otre.
results of the comparison are given in detall below,

3. The following material in this report contains a deriva-
tion of che eddy current power loss por unit volume, as
givcn by the above expressions f'or a laminated core having «
constant perm:apilicy and negligible hysteresis effectis.

1
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FORMULATION COF THE PARTIAL DIFFERENTIAL EQUATION
FROM MAXWELL'S EGQUATIONS

L. The variables associat>d with an elechro mﬂgnetic field
in any lamination of dimensioas large compered to atomic

diriznsions must satisfy the following twe Maxweirl's cquations
i ‘l)c‘.'b : .
L - € 2 g : !
M K[: s égé {Ratlonalived M.K.S. Unfis) (1)
I R ) |
VRN SR A 3 (Rationalized M.K.S. Units) (2)

el:zctrlc intensi.y wactor
electric displscemenuc vector
magn:tic induction vacter

{vilwiies!!
[ |

'H = magnretic intensity veecter
d = cureent densicy vector

If we zssume taat

R: p"” . J‘\h L‘o“ 43)
k-\.\ }l BEYERAT (4)
3"? o (5)

¥m = the permeabliliity

M. = %7 x 16-T henry/ucter

g = speclific conductivity

: =D/E = KeG:.

¥, = dlelectric_conatant

.= 0.85 x ]0‘1‘ farad fies £y
(g = Angular frequency = ZF°

zquitions (1) and (2) can e comblned by use of (3) and (5)
20 zive the partial dif ercntlal equetion

”-% s At M
T o wdB e S o
J% k*-aﬁﬁ_‘" : (5)

For frequencies wt which =/t Y £ cquation (5} becomes

;'3.“
7*H e op il (7)
/ % e

’
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This equatior in e.m.u. is

2 o= _ A
VH = 4o mdl “

Te obtatin the bourdary conditions 2t us first inst.ct fia-
ure 1 which is a sketch of part of an infinite soleunic
having & square cross section and containing thin rectsnselar
laminstions whicta have thelr longiiud’nal axes parallel :«
the axis of the solenoid. If a lin2 integral of the megi:iic
intensily 18 taken sround the path a b ¢ 4 a, which 18 1n 23
plane that lies betweesn the laminacions, we ece that juss

the line intzgral from a to b iz of importance since the
magnetic intenstty is vecrpendicular to paths ad and be and
the magnlivde of the field outside c¢f the solenoid is zerrc.
Becausze o symmetry, the field at any polnt along aos ie con-
stant and ite magnitude is determined by the total curre=:
passirg uvhxrovgh the area abecd. For low frequencles at wiiizh
displacement currents vetveen the laminatbiis are negliginle,
the current vassing tnrough the arca 1s Ni where N is the
nunber of turns erclcsed by area abcd and 1 is the instanfan-
ecugs velue of current passing througzh th2 wire. Hence froa
Ampere's circuital law in rationalized M.X.S. units we get
forr the magnetic fleld intensicy HS between the laminztions

|
(<)

where Y] 18 the numbzr of turns per unit length of the sole-
noid. DBecause the fi=21ld 2t any point 1s deterrined solely

by 7., , the boundary condi“ion for (7) 1s that the jinetan-

taneous value of the magnetic intersity at any point orn “hz
boundary of any laminationrn is the sam=z as thar at aay cther
boundary point and is given by (9).

5. Plguce 2 1s a skeich of a sectl!on of one lamimation. The
origir ¢ the coordinates is chnsen so tnhat the plane y = o
llee wmidway Detween the two larges® parallel surfaces of tae
lazination or, 1n other words, there surfaces sre atc y =

+ 7 where T 18 the half tnickneos of the laminztlon. If tae
2 arxis of tiz lamination is parallel to the solenoid axis,
tne magn~otic Iintensity will have oniy a 2 cormponent. The
penctration of magnetic intensity into the lamination to
points rot too cleose to x = + W willl come mostly from the

¥y = + T surfaces becuause of ~ 2 the shorter penctrating
distancea involved. Prom (2),
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Comscquently, if Che lamination ¢nivﬂne18 is 3mall compaied

. to the w13th, the ssecon? term of the right Bide of (10
- beccmes p: 1.tive1y gm2ll compared to the first term for mes',
poin.z in (e laminatioa. lience, the current oenslty CoYel -
tlailv ras just an "X" cdmponent zxce:pt near the edges,
e Wses and the curraat nath Jor constant density awp:ri-ude
w1ll Joock something 1ike that shown Lln figure 2. Anothec
consequernic2 of the inteasity beinz principally a functior
of y %8 Lnhat the Lapleclan of the iavensity of (7) becomes
approximatal

Jiﬂl - ot (11}
O T

¢ Since the magn=tic Intensity at poini.s 1Irside cf & lanin.’

: is a c¢omplex function of y ard since the mhgretio 1nt*ns»t{

pencitretes the lamina*ion frem both .1des (y = + T) in &

$ similar m:nne";aﬂwﬂ ¥ = ¢ must e:ther bt~ zerc, infinity
or disccutinuous. Loaever,,ﬂJﬂy‘loo cives thz megrnitude of
the cuwrrent dewusity =« that the condition that ayreegs with
the vhyslcal case 1is tirit

; dH-
. dy *

an y = o. This 1s th: 3seconé coniiticm that th2 solution of
(T) wust satisfy.

Qo

SOLUTION QF {48 PARTIAL D IF.’ERENTIAL EQUATICN

6. The solution of (11) which satis’ies the required condl-
ticns can ve found by the usuval s2paration-of-variebles
method 1f u 1s constant and o sinusoidal current is passca
threugh the windinge. Such e Eolation is of the form

cayy ot
- ﬂ'l(e_*.e )e = 3 A cos c.’.\IF

where VGD- \kﬂ
e ————l

if we teke the derivafiv of L*t with respect To y wi g2

thet dH/a"n aT YR, AY Y_, 4.7 g‘f H‘-“. OR  FROM ((‘3;)
Tt
ria- nh=nrlie

~ "

(12]

BOVENY 9 TRy «‘t_’\'@a’mmn!mm Wﬂqﬂg{qﬂ* N

4 .
= 24 P‘ COs\'\ T (13;

£
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an3d l\ - ..I;»~ (14)
p (oSL\c’\
where 1 i3 the amplitude of the sinusoidal curreal prrsing

throwgh the winding. The comple.c enproxlmate zolutlion of
(T) for thie case of laminations of thicknzss smail compored

to tire wlith s then ‘*
1 - e )\»
Hi =nl ‘;’,9‘5_}.‘3' e_ (13)

CoshoT
The eal test of this solution is thet we shoulé be abl: Lo
iind the current densicy by two diffecent weys {rom llaxv.eli’s
equations. The first mcthod vscc (%), (3) end (5) as fcllows:
= £ ok
VxE = 'K(‘ -*_(XB_-g(impnTcos Yy ‘

/ Cos ot

W (16)
é_;.l:, = 1030-]&“{ Ci._S\:\‘cL Q:‘ A
oy Cosh oT ™, n
T R ‘
Jx LR §.‘:‘:___..,“°L7 610‘ - wn S!N\'\&\{
ol Gsh T cosho™

lie sze aiso find J by using jusv (2), ie,

J= v~ H-~"'3H ognl'sl”!’“""

= 5 T
:.[?&2' \JI = odlnl ﬂNL‘g O
C.e.SF LY
The identity of (1€) and {17) shows ithai (15) is the correet
solution of the problem under the acsumptions involved.
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IMPEDANCE OF A TORCID CONTAINVING A LAMINATED CORE

T- i the cross section of the winding of & toroid is am:1l
ccmrired to the large radius, th2 fieid distribution can He
ceniatdered to be the same a@ that 1n a long solenoid anc
expression (lb) may be amployed for a torold containing
laminationn oi' thickness small compared to thelr width.
Using {15) thc flux ¢ contained in one lamination of a
toroid is /

wh
(' {B(‘() = M\A' (H d\/ —--‘il-.-‘—"'( TAM!‘“T (18)

-r
Tre= flux ¢" in all the lamirations (for laminations of equal
dimensions ané propertics) 1s

[
A

wk
TN SRR -
' A

where m 13 the total number of laminations.

The coxrbined cross sectlon arca of the lamination plus +the
lealage area A, equals th2 cross section area A' of the
windfng, 1.e.

¢ }
)
Az 2raTuw c A, 2 A c(1-1) A (20)
where K i3 8 constant defined as
1 » Total laminativn Area LT
© T5%Zal Cross Cection Arca oF winding v Ve

From (15) the total flux ¢ in thc toroid is then

b = 75*(""05\}‘ \'II ‘w

o e
= "é\“_r_,g_ « Tawhat T +(1-K) APon | Q1
4T (22)

»
"
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If tre L.L. toroild reslatarce is negligible, the voltage
drop v across th2 torvold 1ie
wk

AN f;‘ft’ \,ﬁﬂiﬁ b v (K, AN Jx,,.]‘e (27)

The =1ir core inductancz Lg of the toroid ie

l,= N A'”- (2i)

with which (23) can te writ:en a.

o, . fw
“.;[ 2 (8 ’.‘N\_T.w.lw ar gL K—] : | b

.110L3[C o
\ AT (25)
For high nerm:ability laminntions or for K = 1
(TANl\oU >‘
ou'T
end the expression for the voltage uacross the toroid
becories
Fo iuh, (R X Tawb o) |
v ‘\u oo &'{“%?”*" e (26)

Because of 18 complex we will expcess (26) in a ncre signifi

forn as : vk y
— . - ’ /
NPRL bl cash§t-as8|Y 0 g

i ;V,_‘t‘swf-s-cos5'i" IQ {{i’mbm‘ 31' ~swdT (27)

VM ‘ane.mu. is

A A o
bt 10 o

5"1‘ coshé'T- hosé 'T

santc
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e ot

vhere ~~J' VeTro'pus

The impcdines 2 of Lhe toroild in M.K.S. aaits and ¢.m.u.
12, respectively,

oot v bateobiost] o
LJ"K'._‘ .L ““3‘“’[‘ 2t ‘o‘g ‘\ $c°<ﬁril’ s'y‘-\s '\l“[r
y’ 4 Pl
| oot S A ' "
: WA u“".:‘,‘_'_;;:.;;‘._.”” i i
& F Y.
, I

A Y rr AY
Tvcasg], swbgivesmg y (50)

.l

(VS

-.:._ ‘e w‘u) ) .\: A" r

e

Ths resis:ance and induct!ire reactarc= c¢f :che toroid are,
cf couwrae, the reel and im:.ginary narte, raspectively, of
the altiove expressiong ard ot are funccicas of the fre-
cuency, permeability, conductivity and lamination thicimecs
il we call tic real part of (29) or (30) Ke, the effectiv:
res’.starzz, ard tre lmaginory dart:al -, the eflective

imuctive reactance. tnec effective impedance 15

R, + —;\W\-e (31)

‘his effective lmpedence 4= equivaient to that obtained by
¥, . Scost (Ref. 4). The total iuredence %, of the
torold 43 equivalent to (31) in secries with the d.c. resis-
taace Ry, of the toroid winding or

Z’T = Ryt Re t {W!'-C (52)

€. It was deslred tec experimentally check (29) and (20)
«ith & lanlnated core of constant perreability and no
hysteregls offect wnich meens that guch a core weuld havs
to he non-ferromagnetic. An experisental check on the
ghote expresgions should be parforacd <n leminet.fous wnlisr
Yave & thickress sm2ll compared to the lamination widtn.

The toroids that could b2 made At the Mava. Ordnance labozatory,

which would uot 1nvolve an excessive amount of cxpensc ,
petoerisl and time; would reguire a lamination «f a maxinun
thickress of ebout 25 wuile in crder thaé the ANBULPLIONE
rade in the sbove expressiond approsilietel, revreceent tha
actual physical cesc¢. However, If r coppe.,. aluminez, c2

P LN
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other readlly 2vaftlable non-fe2rro mmbnetic materjala 2r cor -
stant pevneability (1.e. p = 1) were used for laminzticn:,
the low permeanility chavacteristic »f these materials would
c1iuse rel&tlvely small eddy cwrrent. lcs3aes as cemparad to
tuose iniuced in high permeabiiity Cerromagnzat.c matersa. s
even thougn th2 conductivity of the former might be sever:si
im:g grester than the latter. Because of the small eddy
xt;enu 2ffect encountered by using non-ferronkignetic iasia-
ati:ns of reusonable thicknesses or zhould we say, "thin.
nczses, chnAang?s in the resistance aad inductarce wouldt o
difficul:c to detect at freguencies low enough ro that cejpz:ivy
effects would aot be intrrauceo to complicte i2tteve. (C1ige-
quently, & torwid wilth a sol circulsr core wes condbruct @3
t> experimentally check the followiug theory.

IMPENMNCE OF A TORCID HAVING A 8QLID RCUND COPPER CO:l

9., If R 38 tie cross-section yadiits of Che a3olid toroid

cov2 and r ia the distance {rom the sore ceater, the rielc
distridbuzion In the core wlll becona equivalent to that in

a core o infinlte iength zad of tre zawme radlus R and core
miteria: if the radiuc of tne to:oid 1s larze comperzd to

1¢ erosa-scctlon cudius, If the gils of the iong cyi‘nlr wcal
re 1li=s along the 2 zxis, tne Tlclid wlli be ‘ndepznden: of
andé the laplaciaa of (8) necir:s equal io

St ShdNCOH Ly dF
\/ \"’ ':(}V\ dr, drz lg' d,,— My s (=)

he separation of varizbles method gives Bessel's dlfiec:sy .lal
equation

4
1V

c:
&

VR - .
e ) -~ Pl
\.~‘_..’\. , i’ _‘_—)_‘:: + C R ® O
Jrz ! Y
()
whers R_1is the exprezgion for the field as a functlom of
r aad C° = SO, (31) hes the solution
josk
HeHe  Jen
o A e
25)

und (35) represents an infinite series of the form

10



" res pe.cjt ively.

NAVORIy Reporc 27'fe

FENE 2 E W T & 6 & !
N o -~ R =) e
PP s N S e oL IR T,
7 LZ% : 2 \:E}“l "‘_':C(Q '«’} "
[ - ;—- : &
q&"},‘f fgrl {';;r«"\ \
e [0S+ T
) A CU P A T
5 _
Y & . N
+;3(ge~n 2O - DA | SR
] « . e '3. rx?‘s.ﬂ ¢ 3 A C}
WETFRR )

uﬁ, .
**i%;

P
it
¢
(*ﬁ

congecuently Ch and P nre Lbe bar wrd%m functions of
LL’I(‘" } \5

lw'(ga ;\; &7 L2 B Yo

: !‘ ‘ 2” +’ 3(4,[\‘ o
6(3‘)? ﬁ@{quf ‘.‘!

=5
W= ile
ot R

-

W
w
St

L ,{, ﬁ
ne t‘lu.h (p Lb=ref3re 4.8
“'— ﬁ_

S _

4 1 : ;
oaplorehiapeniinkel fite .
] Ci: . j 6 1340

J'a :
T .

)‘; ER)
(’T")“ @ a%%**“i( &)

11



e oot STRRE R s R R L e s LI L L A —

RYLEDIH O BpDyep

NAVORD epost 2772

) "y
R = @y | ER) , +ER S R 4
2 H - =t AU i -—:.--r -
?_ 2.’(.\\. “k, ! 2 ('_'_ (l!jz
- "y P, & r - NG
LY NN 1) SN (1) SR 1 2 SO £} Sy
D A c‘) TR AR SRR (S LR T S AR tel)
. \E ) I -y
\( T~ .\gﬁ-';:—"- - —(i-R -f‘t._- -:‘. ame - —5",{:\.}.- - .‘ o ¢t o
4"-"_\;A 8 ' K c‘ (Sl !(‘ v\l(o(~p,5i ("O)

The voltage v &crogs the toroid is

v.i _ .{ V')YC f'_‘,,
f )Je\ )Ltu , '1‘“\

el ]

j}!L. o 0(64-3’6-': c(,..»(;,uf‘} (+1)
RAF SN

and the effective resistarrc r.e ard 1nductance L' of the

toroid with no leukege space between the core and the Alnding

= Ra szl /8Ty
\. \d\ -._q%(i
- 5 A
L= 2, (J\'*g3;> -

But 1f there is leaksge space and the ratio of the croas-
section of the solid core o the crosa section of the winding
is called K, then the effectlve resistance R, and effective
inductance L, are

Iy !
ﬁ‘\;& g 2"”) A e-.‘@ Sy .t 7

~ (3] ’mf\) (M.1€.5.5
Lkt it

(1)

B 2R Le &&ﬂ 4‘(""*1\)\.’9
tﬁ"’a‘v{‘?‘ Ny

=0

26496, ) (1)

Figure 3 shows the theoretical and experimental values of
the effective resistance and inductance of a toroid about
12 laches in dlameter with a 1/2" dlam=ter solid annealgd
copper core having an egsumed conductivity cf .591 X 10

rhos/cm.

Q9. The observed and calculated valuead of the effective
inductance come within 5% of each other while the observec

12
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ard calculated resistance agree to withia 13% except et
272 G.P.5. point, ut which frequency the bridge employed
dces nut glve the rmost  sceurate cxlerimental measwreunent=:.
Trese results are ‘n falr agreement 1f we remember that the
ceonainctivity of copper was assumad to be that glven 1ln the
Phynics Eandbock and that all of th2 flux was assumed to
lje writhin the torold winding. The purpose of the work
ccunected with figure 3 was to show that thc abaolute values
of inductance and resistance can be accurately calculated
1£f the ccr2 permeab’liity 1s constant and if there is no
hysteresis errfect present We shall now continue witn (27
ard (20) to find the expr saion for the Epsiein test pcuer
icss per ualt volume of core nmaterial of thin laminations
having & permeabllity wnlen 1s asauned to be constanu
trroughout the core.

POWER LOSS IN HON-FERROMAGNUTIC LAMINATED CORES

11. DNegplecting the d.¢. winding resistance, the powerr lozs
2 of the toroid 1is

. {7
e ‘:._.?%:' Cos @ (35

.y
where\ﬂﬁ and i» are the amplitudas of the voltage ané currernt,
resvectively, and ¢ is the vhase ansile betwesen the voltage
and curresnt. From (28}, \f, . w e m . i

YER S UL 20 A "’*ra-cos:S!Tl]m

R e Y """'""‘, )
&7 | cosh a4 osdT |
(4¢)
By subetitution of L.. cotained from (46), (#5) becomes;
- 1
' 2
\ o r >
,.. (S T : cot::‘ts’ {Tj co;—w;: OS5
3 . s LIa .
§ . !
N sirubnd T md i
whare CO,\'s & sm\_i’};§i\i:éi = L IR vé ’ . (48)

V?e'i e St e l‘f R X YL d ( ‘a U(QSH"J‘ '.‘_(“zé. 7

-
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and by simplification

R s o
e Vn 8T | snh sy

a l_(’r:-’ Lf\., “ CO_%"W(;’T oS C.()SéwT‘ (! 9)

‘s

Por toroids having K := * or for corzis in which the permexk il-
1.y 18 very much grez2ier than 1, the "effective" induction
Bn 12 4cfined as the maximum amplitude of the cinusoidslly
vitying flux divided by the core crons-sectionsl arca aund 13
given 9y the relaticns

Ve Nok B 80 Nwd
Bz O/KA - 2

wizre \ and X uere peoviensly defired by (20) and (21).
The express'on 'or the pecwer 1lces in terms of ©Tm 13 thnen
.-naz .2 ’.‘_ - ¥ .. -
P = (ﬁ\lzk‘ em 8°d T Sn\lhéT"S!N}g 7 g

P W e W ST "R

zkt\r-f T a-s%é'i‘ncags"t'_g
-2 pl-.- A . . -
- @NIKBRd ,__rp"y,l.Sth'o’-sN T (51)
VAT i ' coshd'T~cos3°T] -

where X 18 the mear ragnetlc length of the torold.
Dividiag both sides of (51) by al, the expression we obtsin
for the power loss per vrit voluie o7 a cor2 raterial is

a B:;’\I&?Tﬂ‘y L Tz smehy'fnSlwé i i

2= vamy "B

‘51';'» iccsH(VT-CO5¢g'T_ (52)

<PV

' - 4 L 2 D i
Figure 4 shows (Sl‘\!hS‘T" Sip ) T)_.," ("i-osh §7-cesd B)

] J—
plctted 28 a function of 8 T:\%We’oo) th which may be
appgoximated by drawing twc straight lines which intersect
at, §'y-3. Consequently, for §'T< 3 ;
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siwhdv-swd'v  §'5

P ] p.‘r_.'—.-no =

cosd v ~cosd T 3
I aad for 6 T>3

-1

gwih :S'T'= SN s o
] < T
cosd ' Tosd T

‘ This mey be summarized in e.m.v. as follouws:

wiiere “he lami‘mtion thickncss 4 = 2T

— 3r >
P T K Opa T’ C3' (;
v >

12. Bozorth (Ref. 1) gives for the power loss

‘o

VIRCROMBIIVRIN - 58, s+ <, My en Iog 0% PRI~ TP L TPISIEIITLSTR, WP €0 o 0 AR T T APTY I TIPS, < ) o

3. g

Liigie?
£ Td BT forgz

S T
- ™ e - "-.‘.“"‘n - &
v 2’;&' ';"'al\'g&(i roY #}o

oy
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It should be pointed out that BB of (57) 18 not the same a3
ks’ of (58). In (57), 8 is the induction when flyx pene-
t¥ation 18 complete and hence 4is the same as our E\. in (55)
80 that these two expressions ugree. In (58), B is the
maximum efi’ective induction at the edge of the shecet and

13 defined as p’H& where ;A‘ 18 the effective permeability

a1c ‘4,18 the amplitude of the sinusgidal field at the
lamination boundary. However, our ®,.is defined as the
elfective induction obtained by averaging the maximum
amplitude of the inductlon over the area of the shezt and
hence can be expected to be differen from @ . In fact,
Bozorth shows that if p 1i& the actual value of the constaat
permeability, then when § is lerge, L Y‘iva

anc p‘,% . This leads at once to E: 3 Pl P'b ﬁ FD'

so that [56) immediately reduces te [58) as 1t should.
Also, inspection of figure 4 shows that the craitical value
of § can be more definiteiy speciljied .than those of (57)
and (53).

COXCLUSJ.ON

135. We have seen how (55) and (56) are derived by assuming
the laminated core materisl to have a constant perreablilit;.
Furthner eddy current analysis was attempted for .a hypotiaetical
core material having a variable permeability with no hyste:-
esls effect. A simple relation wes assumed for a varisole
permeability i.e., ppo|»| (this ls roughly true for some
materials at tha lower portion of the magnetization curve).
However, ro solution was obtained because of the complexit;
of the partial differential equatioz aund th2 boundary con-
ditions to be satisfied. It is doudbtful that it3 solution
for the power loss, if possible, wcuid be Equal to (55)

and (56). By this reasoning it 1s concluded that (55) and
(56) are intended for non-ferromagnetic materials and 1f
they are applied tc calculate the power loss in laminated
ferromagnetic cores, an anomaly will result.
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