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Fig..l.. Assumed magnetization curve.

Fig. .2.. Plane waves penetrating inwards

from both faces of the plate..
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Solution of iiaxweil's Iqastlona

Oonei -jr a yz sectic: 1 _ an 3. At

- iftantj let the eepexetlj J ards

the center of the late ith a velocity J, Dm Ln e til
,

lux

) is built up and at the sane tine an equci aniount of re si ua_ flux

is destroyed.

The:- rate of change of flux per unit length in the x direction

r i by d£ ,

Lint integral in e In this case

by taking the surface S in the xz plane, figure U.
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This shows that ,r the

separating surface, bh t is O^ztS t is the b«M everywhere and its

magnitude i:
%

of the electric field at the outside

inuity in the electric field at the separating

surface

.

the line i; . uation 2a, consider the loo^ abef

in Plgorf $$ idth surface in the yz plane.

The Mgnttlo field intensity, h, is zero at the separating surface and

has no component in the z direction.

l = H
abef

= Current <.i.dosed in the loo; abef.

= rSet) a.

d2 SUJ
From tl .; the following conclusions:

I. The induced tddy current flows ith uniform density in the .

between the outside surface of th- he separating surface, and

zero beyond,

II. The magnetic field intensity, h, decreases linearly from its v

H at the Qtttsldfl surface, (2=0), to z ro at the separating surface (z*$),

III. The electric field intensity, e, « ie field intensity, h,

are zero beyond the separating ntrf



11

JOO at 'Afferent 'Pipes of ttH Jyclc

ih fiol .-• t instants is -iver. la

Dm four instant. . curve in

6a« In FlgOT* 6b, f£d f
the elect; ic the value c =

zero as show , linear to Of and then zero as . D the

separating surface moving inwarda reaches the center of the ;late, that is

at
CS =d (say at t»tc ) tl SaX la

and no change of flux takes place for the remaining part of tha cycL.

,

is daring the interval between tc and £ • After half , I is

at t= ^ , the separating surface again starts from each face and reverses

the direction of magnetization. Daring the interval tc

no change of flux In tb - n ne<_, a*0« 9a1 "Tea

Ob in equation 9 we .

ah - II » r E ^Zdor oZ-t^it. 10

= ^ v*^5 n
r t , h ev».a . at the farf ,

thus becoming uniforn. Inis is siiown in Flfttra od. After b .1: c; v ,

it t« £
( f

. tic field intensity at . I

to zero
, . Lf and a new

on starts f

'

ITiis oe.
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t=The instant at which separating surface

reaches the middle of the plate.,

(a)

-vE

Flux has penetrated to

depth $4 d, t^tr
lb)

Flux wave has reached th

center of the plate §~ d.

(0 ^

After the flux wave has

reached the center of the
A new magnetic flux wave has

penetrated for a distance t = t
plate, h^H, uniform.. x 4

U) (e)

Fig. 6. Field configuration at four different instants-
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'-f z fSL / in S& OZt^t

s S Sin^ 16

where tc la I

the 1

wtc
d = b'oin 2 17

**
3

§ mfc4)
lc

can calculate the value of B from rbu tion 12a, which can be

written

£ = ( HiTiSin.t 0/Ltct 19

r s Sin ng
c

- o tc ^t ± 4

in the first half perioi. Since 1 I ,

and docs not, r) rev; , ilf cycle,

on 19 can be written,

2rtn cos wt 0* t £tu 20

t ^.t

A lot of f (t), t 7.

ctor

, «^sifinate by II an' B the

Poyntd
|
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N SN + JM a £ E H*

where If* means tho conjugate of H. Iht. real part of U is l
fl

whicri gives

the power flow. Since H la sinusoidal, tho harmonics of i* do not

contribute to tfcf | over flow.

A con lex surface impedance for plane wave (wave impedance at the

surface), f) is usually designated by

7[ S R + JX • I 22
H

which gives i; a Re N a -^ Re 15*

a ^ aef^illi

r £ Re 7£ 4

i. lg R 23

Fourier Coefflcent for The fundamentrl of I

Ihe fundamental of £ can bo c^dculatod by Fourier Veriest

£ * 2<
£(An Cos niut-t-BnSin nu>t) 2k

where Aj, s 7 / I (t) Cos n at dt. 25
' Vr

:n * ^ / £ (t) Sin nu/t dt.



17

Fig. 7. YJave shape of H, E and "f-
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far the fundament 1, that is for n = 1, usil

20

M
A i

" iS5 J£L 2 Cos ^ Cosut dt.

T6 -2*

iim u' / (Cos /3ut )+ Cos / u-'t) ) dt

r<5* -fe (:T~y
^ 2

/ (Cos (3utJ+i

Mm / 1 Sin / 3f^£c) + Sin/ U>fcj /

r<$/~ L^ ^2 y lf't/
= ' -^ / i-Sin /

3cc^
j -f Sin / UrUil 26

= ^ita u-1 / Cos feTsinfct - t ,

HmU>
J

Sin / 2u>t \ f Sin/ U>t

)

dt .

7-<5* / 3 3 ^2 i I 2 7J
27

Tk i.
Cos / 3Utc I _ Cos / U/tcA ]

From Bqui tion 27

oin/wtc) = d

n2/ ^Cos/U/t^ *f\-{d/b )
Z

J
Sin / 3Utt) 3 :>in/U>tt] ii Sin3 / (Mt c

J

»/j 0/s - Ud/£ )
3

J 29

Cos 3ktc )
" h Cos3 U't - 3 Cos / U t. \

[2 2 C TT

= u/L-(d/^)^-3^1-(d/^) 2

y
30
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Substituti: _ , , . _ 27

»

3v^a L -J

Therefore the fun!aiae.nti:l of £

.
J4

31

32

Hm T(3 d _ 2 d
3

/ CosL* -*- 2 -fl-(l-d
2

J Sinwti/ 33

Lltudfl of I and ii la /ivon by

1 = cita //3 d _ 2 l
3 |-j2/l- (I'd2 )

^/
/ 3U

and the - I anpliturie of I and B !

H = - jl^ 35

Substi u tion 22, the surfact .

ij = r f 4i * !_

H

= 16 fo-&-£Jf*l + i(*i - 2 — i
36

3*rs L l 3*7 J 2 I 3 WJJ

r in tha cr 5ance 7^ is aqwal to:

-i

Q - Tan I

R

3 1 ._ 2/d) 3

Tan£ = X _ 8 LS
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r Formula

y current lo.i mi reflect into the

e ci

.

is

f -J 3d . 2/d\3 1
. ~ 0m£* Jos/ Tab __£ I &)

The surface resistance is tk odance and
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JxrS
LL.

f
1 - ^-£j7

per unit area N, given by la thust
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3* V8 L
1 -,-

- . . t-i
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^'(^-f/V

Soii Xron
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- .
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The electri
(

the fiel u to the end of the half ptritd*

I = ^.Il.'i o03 U/ t 0Z.t^_2- ^2

A plot of f{t), I (t) MDd li(t) 1| Ifftfl i: I

sine*- ti MfDOtlo fi . _, only the fund nont 1
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Bie fundamental of the electric fi by Fourier

the Fourier coefficier. 3i;.it

ion hag no to be I = A_ inst* Bd of T = tc .

U.'

ields

3 * TS U3

whereby = /<Jos>'ut-t2 Jin t) U$
.An
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__Hm (1 - 2j) U6

H = -
JH, 17

ives = __ ___ lb
Ta ) \

i •
=

( /
z

. 1*°
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Fig.. 8. Wave shape of H, E and <f for the solid iron case-
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It c .

meter, and ;_ .f . for tha ! _ lily obtai I wion

iiO and 38 by substituting d/^ =1, DdBttt

of ti | 1 - than b . therefore, the maximum

v: lue of d/< to be used in formula 36 and ^0 is unity. KacLean was the

first to soil - Bad the loss I I , BWtt-lflB

. - ended to thin , 1. tc , thu v±<.i"I. | -h.

formula, i^quatit. Lva of the ti >he

iol.

sea :

. ;

Boil Voltage

The variation of flux in th« . .us on the basis of the

•

Lbt n = Uic3 number of li I

the half thleknea of i-minrtions

1 the width of" .

Consider ti

.

<£> is the instantaixjous v-luw o '

Substituting the value of

':/' = o iiii <i_t i ^tc
: 1

1 from the



tion It

= _ t d^t dT

- - r^OoaUt olt C%q

=
c W

e » for tcLt£A

<p = 2nlBGd tp/ t/_K_ 52

The toI eh coil of 1* turns wound around the iron

ring is jiven by

S3

. irto the material ur.l

A
trie tine tc = 2 Sin d ,

flux

I

wave Shnpe of Search Coil Vol

The . en coil volt "ox depends

on the value of tc and hence, on the v.rlue of d/y only. These wave

derived theoretically are sho-,^ in Figure 10 for vorious v luer of

«/b •

Duration of ii.d::.y Current as a Functio;: of d/£

According to this theory, as evident from Figure 10, the duration of

the induced volta,,e and hence, e y currents, depends on the vrlue of the

fraction d/^ . For the soli-1
iror. . . ....

,

tinuously, but m . flow



2*

Search coil specimen.

Fig. .9. Section of search coil

specimen at X-X..
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for a smaller and smaller fraction of the half perio 1 a3 derived below.

Lat Fe fraction of the half period during which eddy current flows

2 Sin"'dA -,

F « t^ j* « 2 Sin / d I &

of Fe versus d/ 13 given in Figure 11. This theory shows that

in thin plates eddy currents do not flow continuously, but only for a

fraction of the time during each half cycle.

MAJOR DJFLUKiCUJG FACTORS

Saturation Flux Density B

The value of Bq, the saturation flux density, to be used in any

problem is open to question. If it is assumed that under dynamic conditions,

induced density at any instant corresponds to the value of the magnetic

field intensity, H, given by the static magnetization curve of the material,

then the value of Bq will correspond to E^ at the outside surface only.

Each succeeding inner layer is magnetized by a progressively smaller number

of exciting ampere turns, because of the shielding effect of the eddy

current in the region between the outside surface and the layer under

consideration.

The ap roxiraate distribution of the flux density in the succeeding

layer of the material, from the surface to the depth of penetration, can

be derived as follows. Figure 12 gives the eddy current distribution,

neglecting phase shift from layer to layer, and assuming the arithmetical

sum of eddy currents in the various layers to be equal to the exciting ampere

turns at the surface. Under this assumption the area under the eddy

current density curve, Figure 12, is the total exciting ampere turns at
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**-' (d) d/5 0.25
Pig..10^ Wave shape of e, and H for various values of d/£

.
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0..8

0..6

0..4 •

0..2

0.2 0.4 0.6 0..8 1.0

<V5

d-Half thickness of lamination..

S « Depth of penetration.

F = Fraction of the half period during which

eddy current flovs..

Fig. 11.. Duration of eddy current as a fraction of &/g .
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the surface. Xht rt uiti; if at any inner 1 yer is therefore

in this fi;;ure by the „he eddy current dU Bd the

layer to the ri;,ht.

I at variou.:

from tiie surface. Figure la gives a typical B-H curve. Xbt flux -nrity,

in kilolines per squire inch, as function of dtptti from the surface is

frcr Plgur 1 ri 15 for various

peak exciting ampere turns per inch. In Figure 16 this peak flux density

.ven for the case of strong

izrtion (curve 1, • /> th £

and (3/U) from r,
,

and 60 .
, Ct the r.m

In or er to find c libratlon factor

, tl ,. , where i^

is the flux density cor ,

,. c , gDttlSfttico curve of til

a- saturation flux dens.' ,
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Eddy Current Density Curve

0..2 0.4 0-6 0.6 1..0 6

Fig- 12. Eddy current density curve

%

..2 0.U 0..6 0.'8 llO S

Fig;.13. Resultant exciting AT as a Fraction of surface nunf.
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3

120

100*

30
'•

60 •

5Qf 100 200 ' 300 ' 400 '

H — Ampere Turns Per Inch-

Fig. 14. B-H curve of typical steel plate-

500

1.. H = 600 AT/inchm
400 AT/inch

200 AT/inch

100 AT/inch

0-2 0-4 0-6 0.8

<S— Distance from The Surface-

Pi g. 15. Peak flux density at layer inside.

1-0 6



32

1. H = 600 AT/inch

2.. H = 400 AT/inch

3.. H = 200 At/inch

4. H = 100 AT/inch

"0T4 ' OTB ' 07S~

Destance from The Surface.

r.o

Fig..l6.. Peak flux density at layers inside the material

as percentage of B
Q

at the surface.
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6 Ii£ but £ = k Hm 1 ^ 15

3* Ti L rwOc J

J~l m^ v TW^l^ «/"6 Hnv3 U' an ]Z $$

|-A
— 2 m

J [5* ^r J
N » 0*65 / 56

For a rectangular magnetization curve using Bq • (3/U) Bjji

^i'U ^r J

« 0.73U N
r

57

Since the true magnetization curve of iron lies between the linear

and rectangular curve, as shown in the Figure 17 the rigorous solution

for the linear case as well as the rectangular case establishes the

limits between which the actual iron performs.

Effect of Temperature

The temperature coefficient of resistance of iron is higher than for

copper. For steel ^late, this coefficient per degree centigrade at 25° C

is approximately 0.00l*5. Therefore, a temperature rise of $0° C would

increase the resistivity of iron by about 22 percent. The ed^y current

loss formula, Equation UO, needs to be examined to determine the effect

of temperature of these losses.



3k

faft ^a i-a-£

n

3 K TS i 2
(. ^J F <5 16 i 57 J

and for lolld lrooj i.e., vhen d/g 8 1, this reduces to

h «e

3a [2r J

N » 8
3A

Lr3 i j

substituting the value of $

where p is resistivity iii the MM units

This shows that in soli iron, the eddy current loss-. are oroportional

to th< . of real tivity.

For very thin plate; i.e., when &A. < 1, m of i/c c n e

ion U.u giving

5

3A
i ri

2
) /

r$ L2 13*7]

= U lira
2

/) d2

= h ^pH /
^->B3

/
Obtained by substiti tin;- the .

jg Ita /%"f d2 , 1_ ^
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Actual Curve

inear Curve

Fi£..17.. Ideal, actual and linear magnetization Curves.
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This shows th:=t for thin laminations, the eddy current losses are

inversely proportion 1 to the square root of resistivity. Therefore,

a temperature rlsfl of £0° C would increase the eddy current losses in

soli^ iron by about 10 to 11 c the loeeea la thin

laminations by op] roximately the same amount.

lvea the effect of temperature on iron loaei for different

thickness of . :-ho s that i rent

loss in a (l/t) ring, for an incrcsed mmf of 350 rms ampere turns

inch, dec i . u a riot of J50° 0. At lo r

values of H, (1/16)" laminations behave like olid iron and, hone

losses increase as Jjo 9
;-:ith i a I mperature.

Hysteresis

loss in solid iron baa b^on a subject of groat cont

Some author- believe that in solid ferrom- fnetic materials the hystersis

re oeglJLgible eonpared to eddy current ions.

• hysteresis, the ideal I curv la that

of a .

coercive force is ehovn c h^. he]

the flux wave of satur
, ,

.trate the material from the.

surf-ce tfbeo the field mmf, i!, . , the

• to ro.-ich the v lue h^, the coorcive foroe, befo. e the flux

waves . Ldj I , inside th-.. Material

. fror. the v Lue H at tl t zero - 1 th«

ure 19 but d< n

ty in the region



Numbers On Curves Indicate R.M.S. AT/inch..

Ech Vertical Divison Represents 5 fo

Change of Value At Room Temperature.-

37

ft Change In Iron Losses With Tempreature-



or 6 f whichever xc . . QbdOT

of flux Li

of the
i when hyst .

is M , wat is 3iiullcr. The

powei . .. r.t now bccon»8

unt

-

-a = A -
,

^ 7/y

- .

The , . .

|

inis

-

, I , 0< pt for low v lui

flux : litude, and eddy am X funotiao of tfa l'o:mer,

le:

0. lcul to the eddy current and hyatoroaii losses in 0.025" motor

»
•

The hyster^ cubic inoi . for a maxi.

of 115 Kiloline*- Inch is 0.5Ui irat . I that the

ran at hlghoj - he

hysteri
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E
o

—

R

^ h _* h w

H

^0

|

< nk nk
>

Ideal magnetization curve with hysteresis.

Fig- 19. Hysteresis loop.
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P = 0.5i«U 2L -~i watts per cubic inch
d 60

tration at frequency f • The ir.axinum value of

the fraction 6^ . r« turns per inch,
d

for bion of 11 r
I t 25.

*rm s ***/ /* = •

The »ddy current losse q tion 2,ii0

f - 100000 cvcles/ second.

= . 100000 =

60

= cubic inch = 110 2

0.025

watts

Therefore, the r:tio cf hy at loss

f = 2

! = c/s

- . 'poo 16 1 \

h ~
*V/J; » 0.0

I . :;tts

- =W 032

3 tba ftp roa 100000 c i, La loss

four percent of . t

,

'

00 70£ of til . Ihus, «• see that it)
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by circuit theory , U i fere,

we re . o be

Um eltalent oirouitj to tain into account the effect cf

lront L _ i tion curve

of ire.
,

., .

Lnuaoldal,
,

- .in

this C

ix^uiv- lent Jircuit
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I

' h+e

Fig.. 20.. Equivalent circuit-

Fig.. 21.. Phasor diagra
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Method of Calculations

Since the -jialysis is to be based entirely on experimental readings

of V, I, Rcu and power loss, W, neither Rh +e» n°r ^ can be determined

accurately. An approximate procedure is employed, which is consistent

with the accuracy of the experimental readings and the accuracy with

which the equivalent circuit of Figure 20 simulates the phenomena. The

phasor diagram is given by Figure 21.

From the equivalent circuit and phasor diagram, the applied voltage

is balanced by V^ and the voltage drop across the copper resistance of

the coil,

VR sVL-riRcU 62

Cos (9 • W/VRI

VL
3

<
v

i:
' mcu °08 & )

2
+ < JRcu ^ £)2 63

piron
= w"pcu

rower factor of the iron circuit s piron /VL*

The measured values of the parameters were determined by the above

equation. The analytical value of the power factor is given by

f -/ 3d - 2 d.3

P.F. = Cos Tan _£ -5/
/ 6k

S "
I
2 *nP i
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The value of f dor depends on the value of d/$ only.

ter than on , factor is u. , .

d/g dec: | factor also deer \ trie above

on •

Introduction

Solution of toenail'• M I lied dcuaol

magnetonoti idealised saturation cxii on the

eddy current •henor.ienon in iron. This concept of f .:.' constant

flux density penetrating into the Baterialj r I layers of

ateri tar the other, is

not to under st; nd, but actually yield: 1 results

nose obtained by the classical theory.

The close correlation between the wave forn» of search coil volt
,

derived analytically , Lndieati ion of iron

^oes actually take lace aa pn d alar theory,

though the actu 1 nagnatl alar*

Solution of the I

Comtl 3 of thick 1

: . ;.ich

osod a ainu </ . aatur tion

density 3q, entoj Rroi both aide , uritij.

half cycle, t< the depth .
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- ^ r - i. . . b$

i

= 6'

Luteins inatantaneoua w tie of flux through half the thickness of the

tion

= (£> 66

l , .. . "or only half thu-

thick:
,

.'- "
| t the

Its canter

j

hown I I <P - > - d/2

from the sur'*
,

region

.

-
, t the

J (t) = o (1 + o?

2

I on 7

I

= m4«
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l
(z = 0), to the

'

ll to

ity.

Therefore, magnetic field i '•

= rts
= ^ ^ B^ Gosut (1+Sinu/t) 69

2

m rent Loss

sine-. B is sinusoid- 1, only the fundament 1 component of H contributes

mr flow into the material. The fund anient- 1 eoMpoMot or H is riven

by Fou:1

Bj aT-tt';.y I | 0osu*-t2 Btawll 70

lj -UT.f.-ce,

then

- I = 1/2 B H*

T
= r^Vn = ru'W^ 71

TT 5

A lot of '5
,

: Lob of time is piven in Flgur* 23
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Fig. .22..Plane wave on the surface of the plate-

;.. V.'avo shape of H, E,^*^^ f° r sinusoidal flux.



lax-.rell's Equations, when a oinuaoi .1 snf is impressed

on a core c Is 8 of the ideal

*rave of fll n each Ii

If cycle aid lo a

e. tii 6 ,

If u ,
-

acnttln flux as well

aa the eddy curre I faco

. if 6 is gr

.

f the half

v

first S .Lch

.agnetised.

*-

, ly in terms

Of iljjj -

,

.-ut (t;

.

we can c .

Lamination C

,
into
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The affect o
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_ . i _;niru 30. For the solid ire

>ows continuously, but as d/g , . ad y current

flows fc - ,

laadnat .

Fro , as

,

_v _
i

... U



So

C&

•tpui aj-eubs aaj sauTTOXDi -g



10000

Numbers on Curves Indic^t

Impressed AT/inch-

7500 10000
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Fi^. 25. Iron loss curves lor 1-5 steel 0-025" thick lamination.
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I

1000

5000 7500 „ 10000
Frequency

Pig. 26.. Iron loss curves for 1-5 steel 0..014" thick lamination.
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10J000

Numbers on Curves Indicate Amplitude of

Apparent Density, Kilo lines per

Square Inch-
roo

7500 10000
Frequency

Pig.,27. Iron loss curves for 1-5 steel» 0..025" thick lamination-
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Fig..28. Iron loss curves for 1-5 steel, 0^014"" thick lamination..
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list of Symbols

Description

A Cross sectional area.

Magnetic flux density at the sur.

Am litude of flux den-i

Saturation flux density.

Half depth i

e electric field intensity.

E .electric field intensity at the surfce.

.,) Fundamental component of E,

Peak coiaplc:. of fi.

h Magnetic fj ity.

H Magnetic field intensity at the surface.

Hm Ltad* of B«

PI Peak co. 1, x litude of M.

n Number of laminations.

N^. Number of turns in the coil.

N Power loss in Solid i~ .re meter of

surface.

xyz Coordinate system.

7^ uctivity

6 Depth of penetr tion

Jr Coor inata of tfe

u r j ability
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>7rabols Descri tion

P ..esistivity

W ^ocity.



La

Let the Mgnstifing force, II, have a y component only, and its value

at the surface of the , t a" a, be a sinusoidal func bJ

= - inut

\Z1
—2a -»

The plate is of infinite dimension in the y | 41] ction and,

...... ction. .'ill qpantltiai

are expressed in the MKS system, and V is the conductivity. L ,

, H bo the TalttSi of the variables e, b, and h at the nurface.

1

1

Curl h = k dk « k (r + jur-6) e

ji£ m (r + $w-e) e

Curl e = -i 3^ s -i j u/ h/x

3g j^'h/x

Ox

72a

72b

Differentiating equation 72b with respect to x and substituting

. .tion 72a

ill lulya £*

JUU4 (rfjut) e
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Thc second term on the displacement

curr.nt in metal will not b^ ah reciabli- I . nest radio

Therefore, the skin effect equation reduces to

d ^ jwp e ir 73

d'X
L

The solution of this ec.uatio yiei- s

e = Ax e^v, e
"

7U

whore m = )j yx.'jXV

The boundary conditions are

75

at x J =

e =

at x =-fa H =

nation 75

frcm u bid 7<^ and 72b

= xtA2

e = Aile^-o-
1^)

= tiiSfah nix 76

'^ = Zip Cosh nsx - j U

and from boundary con it&
,

_on 75

2 Aim Cosh rax s j

or A_l a J L^. li lh*
Jo
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J VJJA ^M
Slab: n

i nlie = | = J "*>< Hm
71A

If '.. by H and £, the peak c jf H and Bj

then ti | l| 1 ,

B I JU ^ Hfr Tanh ma
!

Poynting Vector at both feces of the plate (x a) is in the

direction cf the x axis and pointing towards the center of the plate

(x-0).

Tot ! bo ci'V current real part -J-L i I*

The integral is t 00j in the yz direction.

Total lo«S per unit sorfoOO in the yz direction

Ho / J hjm % ih ma 7 77/ J*A % ainh ma 7

L 2 Tvt Cosh ma J

= J

- (l-tj)/3 /3
s - P^^

2

/ <*/// r-T >inh (/tj)/2 a

/ V (/</ ' Cosh 0-t J) ^3 a

"7^ / "j/J
Cosh (/-( j)^c

* JjV f^/J K6 /Jl/ 3inh (ff j)/3a 7b

£ l/"Tp /|/5_
Cosh (/-( j)/Ja

ilizing thw quantity in the bracket.

= tifr [TJM Re f (H j) oinh (i-t .1) /3 a Cosh (/- j)/? a

7

2 1/ r7
""

/ -os]-(, r j)pa Josh (,-j)p 7
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Sinh 2f?a - Sirih 2Q a
Co3h 2 ns. -^ Josh|3 a 79



ratio of H into Material of - -lity

Assume an Infinite naif-space of conductivity f and permeability

Ja , v/ith surface ir. the xy ; lane, is excited by a ipwtiling 1 ,

not shown, such that the flux has only an x c, lt« II : L.ion

Is into the Material normal to the xy plane. Neglecting displacement

current, ion is

V/\ /AY —^

Tlie solution is
dir

B^ = Re I^e (ju<t - Jjwr^z

where h^ is the amplitude of the field intensity impressed at the surface

(l =0).

Since j = 1 4~ J ( ll -'•-' root with ;
>or;itive sign)

2
the above aquation can be written as

% * Re V ^«l 0*. JV^

The behavior of Ii^. as a function of time and of deptfa is illustrated

I that the vrave front h = 0,

marked by A on the various curves penetrates into the material.

Serai-infinite solid
re 29



Fig. 30.. Penetration of H a s a function of time-

constant Permeability)
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In tliia import there are developed, on the basis of simple i hysical

osotsptions, formulas for th^ calculation of eddy currents in solid and

laminatod iron* I simple foi*aila for the calculation of the power factor that

the magnetic circuit reflects ir.to the magnetising winding is also

p*MNe% '.

The theory employed in develo irig thv fonaulas, assumes that tha

permeability of steal is constant for all flux densities below a 11mlting

saturation ralue, 3e, giving a rectangular magnetisation curve,

Urn eddy current loss and power factor of magnetic circuit are

calculated by the roynting Vector Theorem, assuming the a. plied mmf is

iiSBssiiltlt Bddy current loss formulas, when the impressed flux is

sinusoidal ars also presented.

Actually, the .i-H curve of steel departs materially fro* the assumed

rectangular shape. Also, both the a
;
lied mmf am* flux wave may depart

materially from puts sine waves. The value of Bg to be used in the

fonaulas has been determined empirically to be (3A)&b# where % is the

flux density obtained from the statio magnetisation curve of the material

corresponding to fi^, the peak of the Impressed mmf.
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