’ Chapter 6 Magnetic Materials

6.1 Magnetization M & Magnetization Current

6.2 Ferromagnetism

6.3* The Fundamental Magnetic Properties of
Superconductors

6.4 Magnetic Circuit Theorem



* 6.4 Magnetic Circuit Theorem

€ Boundary Condition of Dielectrics

At the Boundary of the Dielectrics,
no free charges

ﬁﬁ-dgz > g,=0

(S) insideS

D,AS cosé, — D,AS cosé, =0

D2n — Dln




6.4 Magnetic Circuit Theorem

€ Boundary Condition of Dielectrics

The normal component of
Displacement is continuous

D=¢¢,E

grlgo E1n T 5r250 E2n

grlEln — ngEZn’ Eln 7 E2n

The normal component of Electric field is not contin



6.4 Magnetic Circuit Theorem

€ Boundary Condition of Dielectrics

Consider the tangent component

§E-dI=0
(L)
E,Alcosa, —E,Alcosa, =0

E, =Ey4
The tangent component of Electric field is continuous
D D D
E = AT D, # D,
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The tangent component of Displacement is not continug




.‘ 6.4 Magnetic Circuit Theorem

€ Boundary Condition of Dielectrics

Consider the tangent component

§>E-di=o
(L)

E,Alcosa, —EAlcosa, =0

E2t — Elt




* 6.4 Magnetic Circuit Theorem

€ Boundary Condition of Magnetic Medium

The normal component of Magnetic
Induction B is continuous

B — :ur:uOH
Bln — BZn

toattoHy = pouH
/urlHln (@ :urZHZn’ Hln 7 H2n

The normal component of Magnetic field H is
not continuous




‘ 6.4 Magnetic Circuit Theorem

® Boundary Condition of Magnetic Medium

Consider the tangent component
fH-dl=3"1,=0
(L)

H,Alcosa, —H,Alcosa, =0

H2t 0\ Hlt

The tangent component of H is continuous



* 6.4 Magnetic Circuit Theorem

€ Boundary Condition of Magnetic Medium

Consider the tangent component of B

/LB
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Blt = BZt

The tangent component of Magnetic
Induction B is not continuous




6.4 Magnetic Circuit Theorem

® Boundary Condition of Magnetic Medium
¥ The reflection of Induction Lines on the Boundary

H, =H,

B,, =B,
The ratio

H, _ H,
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* 6.4 Magnetic Circuit Theorem

® Boundary Condition of Magnetic Medium

1 1
tan @, = tan 6, 95
Hieoly :urlluo Hr2
tand, _ u, I

and, u,

If medium 2 is vacuum or not Ferromagnetism, p,,=1,
and medium 1 is Ferromagnetism, u, is very large. So
0, Is very small and 0, is approximately right angle.

It means that the lines of induction in Ferromagnetis
parallel to the surface, few lines get out of the mediu



6.4 Magnetic Circuit Theorem

@ Magnetic Circuit Theorem

A

According to the reflection of induction lines, the
Induction lines due to a current-carrying coil without
iIron will go everywhere. But if there is a iron inside the
coil, the induction lines will concentrate inside the iron

and go along the iron, Induction tube, electric current
tube, like electric circuit, Magnetic Circuit .
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6.4 Magnetic Circuit Theorem

©® Magnetic Circuit Theorem R

In the electric circuit with combinations
of resistors In series, the currents
through every resistor are same.

In the magnetic circuit with irons, the %
fluxes ¢z through every cross section b P
are same. [

For electric circuit:

|

=MYIR=1YR =1

i Z I ZI ZO‘iSi
For magnetic circuit:

NI= §H-di=> Hl =Y B, AN Pe !

0L ) D ity O HitoS,




.‘ 6.4 Magnetic Circuit Theorem

© Magnetic Circuit Theorem | R

For the right magnetic circulit,
the flux ¢z Is the same for
every segment

N|O=Z a Ii:¢BZ Ii S

(L) i o S; (L) Hity




6.4 Magnetic Circuit Theorem

® Magnetic Circuit Theorem

Electric

Electric | emf | Current | Conductivity | Resistance | Potential
circuit e | - R=1/(cS) drop
(IR)

Magnetic Magnetic

Magneti | mmf | flux of B | Permeability | Resistance potential
C circuit e=Nl, g Hilo Ri=li/ (ioS)) drop
((I)BRmi)

mmf: ¢, =NI,
Magnetic Resistance: A=l /()
Magnetic potential drop: Hl=¢ ;ZR
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6.4 Magnetic Circuit Theorem

t Theorem
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‘ 6.4 Magnetic Circuit Theorem

@ Magnetic Circuit Theorem

L,=0.05m, H=3.93 X 10°A/m=4.9 X103 Oersted

L,=0.01m, H=1.8 X 10°A/m=2.5X10* Oersted

Another unit of H is Oersted

3
10ersted = £ A/m
A7




$ 6.4 Magnetic Circuit Theorem

® Energy of Magnetic Field
¥ The Energy of Electric Field

W, = [{[w.av = [[[>B-Eav

(V) V)

¥ The energy stored in Inductor with current |
and self-inductance L

WRSEINE
2

For a solenoid with area S and length | filled
with magnetic materials p.



‘ 6.4 Magnetic Circuit Theorem

® Energy of Magnetic Field

L = un*Sl
1 1 1
W._==LI*==/un%Sll* == un®1°SI
n =3 2# 2#
1 1= —
—unl -nISI==B-H-SI
N >
w =n 1B
WE2

W, = [[[w,dv = [[[8-Fav @%},’%

(V) (V)



‘ 6.4 Magnetic Circuit Theorem
® Energy of Magnetic Field 9
[Examp. A cable with radii a and b and 5 -

length |. If magnetic material (relative
permeability p.) is filled in, find the self-
Inductance of unit length.

Solution:

fH-di=3"1,
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‘ 6.4 Magnetic Circuit Theorem

@ Energy of Magnetic Field

1*—» TN
W j(vj)j HdV = Ezﬂr 27; 27rdr

i) ? jdr Ml b
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