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CH6 Static Magnetic Field
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• Electric force

• Magnetic force

• Elecmagnetic fore

( )F qE N
 

( )mF qu B N 
 

( )F q E u B  
  

(N) ~ Lorentz’s force equation

Electromagnetic

3

Free space
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• No magnetic flow sources
• Magnetic flux lines always 

close
• Low of conservation of 

magnetic flux

• Each magnets has a 
north
south

• Magnetic poles cannot be 
isolated
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EX 6-1

• Inside conductor

• Outside conductor
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EX 6-2 (Toroidal Coil)

A circular contour C with radius r

(b - a) < r < (b + a)

2 oB d rB NI   


ˆ ˆ(1)

2
o NI

B a B a
r  




 


(b - a) < r < (b + a)

(2) 0 ( )

& ( )

B r b a

r b a

  
 



(No source)

Electromagnetic

9

(a) Direct application of 
Ampere Law

(b) Special case of torid

Ex 6-2,  
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EX 6-3 (Solenoid Coil)
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6-3 Vector Magnetic Potential
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In Cartesian coordinates,
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Magnetic Flux      through a given area S 
which is bounded by contour C



( )

( ) ( )

s

s c

B ds Web

A ds A d Web

  

     


 

 

    



12/18/2016

5

Electromagnetic

13

6-4 Biot-Savart Law and applications
Magnetic: Vector source
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Biot-Savart Law：[Valid in steady current]
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Biot-Sarvart Law： 3
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Example 6-4
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Example 6-5
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Example 6-6
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6-5 Magnetic Dipole
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Scalar Magnetic Potential
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6-6 Magnetization and Equivalent Current Density
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EX : 6-8
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靜磁學 (包含導體與磁性材料)
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Static Magnetic

Source :

Conductor :

Magnetic material :
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Ex 6-9
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6-7
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6-8 Magnetic Circuits

Electric circuit : Voltage / Current source ; V, I, …

Magnetic circuit : Transformer / Generator / Motor …
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Ex 6-10
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Magnetic Flux ; S : cross-section SBf
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Magnetic circuit Electric circuit
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An exact analysis of magnetic circuits is difficult

◎Leakage Fluxes ◎Fringing effect H)H,B(B


◎

2 conditions must be satisfied

gogf

offgg

HBB

NIlHlH




o

g

o
f

g

f
of NI

l
H

l

l
B

 

Similar to
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EX.6-11
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6-9 Behavior of Magnetic Materials
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6-10 Boundary Conditions for Magnetostatic Field
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Ex   6-12

Bn component

sin sin2 2 1 1H =H 
component
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Magnitude of
Similar to E-field

In ferromagnetic parallel interface

Originates in a ferromangeitc , 

Flux perpendicular to interface
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Surface current 

Example  6-8   [p246] 
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12 12 1L I 

12 2 12N  

6-11 Inductances & Inductors

Mutual flux

12L ： mutual inductance 

between loops C1 and C2

If loop C2 has N2 turns ,

Generalizes to
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L=
I
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11 1 11 1 12=N >N  

Some of      produced by I1 links only with C1 loop itself, not with C2

Self inductance of C1 loop

Procedure for Finding Inductance

B


1. Appropriate coordinate system

2. Find

3.

4.

5.
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EX 6-14
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EX 6-15 Long solenoid

From(Ex6-3)     p231
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EX 6-16

a) Inside inner conductor.
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b) Between inner & outer conductors
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Current in annular ring
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EX 6-17

Internal


8

0' selfL

2 wires :
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EX：6-18
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Outer coil has N2 turns,
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EX：6-19

Find B2 is caused by long wire I2.
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6-12 Magnetic Energy

Loop 1 1
1 1

di
V L

dt


1

1 1 1

1 1 10

2
1 1 1 1

 

1 1

2 2

I

W V i dt

L i di

L I L





  




Loop 2 : C1 & C2
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21 21 1

21 1 20
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22 2 2
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Similary

Total work at C2
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Consider Kth loop of N coupled loops
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6-12.1 Wm in terms of Field Quantities
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Ex 6-20 (Ref. Ex 6-16)

Wm in inner conductor                                Wm between inner & outer
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6-13 Magnetic forces & Torques
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Creating a transverse     -field.
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6-13.2 Force & Torques
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Vector triple product
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6 21Ex 
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// 1 1

2 2

1 2

: expand loop 6-30(a)

       no net force to more loop

: produce on upward force  on 

                     downward force  on 
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B d F dl
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d F d F
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 2

Magnetic dipole moment

m ( )

,
I Na I b a IS

Hence

T m B

 

 



  

DC-motor

Torque rotates at clockwise + X-dir
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6 22Ex 
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6 13.3  Forces and Torques in terms of Wm

Z

  Constant Flux Linkages
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6 23Ex 
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(6 13.4)force and toraues 

           in terms of mutual inductance
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6 24Ex 
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Home Work #6
David Cheng: Chapter6

P6-2, P6-4, P6-5, P6-6, P6-10,P6-11,P6-12
P6-13,P6-15,P6-18,P6-19,P6-22,P6-26,

P6-27,P6-29,P6-32,P6-37,P6-38,P6-39,
P6-40,P6-41,P6-42,P6-43,P6-44,P6-46,
P6-50,P6-53
Due: 2 weeks


