
CHAPTER 13 
 
1. Consider a coil which when empty has resistance R0 and inductance L0. The 
impedance is Z0 = R0 – iωL0. When the coil is filled with material of permeability 

 the impedance is  1 4µ = + πχ ( ) ( )0 0 0 0Z R i L 1 4 R i L 1 4 4 i′ ′′= − ω + πχ = − ω + πχ + π χ , or 
 

( )0 0 0

R L

Z R 4 L i L 1 4 .′′ ′= + πωχ − ω + πχ  

 

2a. x
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ˆdF dF dxx̂ F
dt dt dt

= + + .  

 

           x y z
R

ˆdyˆ ˆdF dx dzF F F
dt dt dt dt

⎛ ⎞⎛ ⎞= + + +⎜ ⎟⎜ ⎟
⎝ ⎠ ⎝ ⎠

.  

 
Now 
 
 

( ) ( ) ( )

x

ˆdyˆ ˆdx dzˆ ˆx ; y ; z .
dt dt dt

ˆdxF F .
dt

= Ω× = Ω× = Ω×

+ ⋅⋅⋅⋅ = Ω×

ˆ
 

 

b. ;

R

dM dMM B M M B .
dt dt

⎛ ⎞= γ × +Ω× = γ ×⎜ ⎟
⎝ ⎠

 

 

                               
R

dM M B
dt

⎛ ⎞Ω⎛ ⎞ = γ × +⎜ ⎟⎜ ⎟ γ⎝ ⎠ ⎝ ⎠
.  

 
c. With  we have 0 ˆB zΩ = −γ
 

1
R

dM ˆM B x ,
dt

⎛ ⎞ = γ ×⎜ ⎟
⎝ ⎠

 

 
so that  precesses about  with a frequency ω = γBM x̂ 1. The time t1/2 to give t1/2ω = π is 
t1/2 = π/γB1. 
 
d. The field   rotates in the xy plane with frequency 1B 0B .Ω = γ  
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3a. 
2
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2
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< > = δ . Thus 
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k  

b.        
4

4 z z
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Now  
 

z z z z
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1I I I I [
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], and
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+δ δ + δ δ

δ
 

        
4 4 2
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a 1 a 3NB [N 3N ]
N 16 N 16

⎛ ⎞ ⎛ ⎞< > = + −⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

.  

 
 
4.  For small θ, we have . Now the magnetic energy density  2

KU K− θ MU BM cos= − θ−

21BM BM
2

− + θ , so that with proper choice of the zero of energy the anisotropy energy is 

equivalent to a field 
 

AB 2K M=  
 
along the z axis. This is valid for 1θ << . For a sphere the demagnetizing field is parallel 
to M and exerts no torque on the spin system. Thus B0 + BA is the effective field. 
 
5. We may rewrite (48) with appropriate changes in M, and with Banisotropy = 0. Thus 
 

( )
( )

A A A B B A

B B B A A B

i M i M M M M ;

i M i M M M M .

+ + +

+ + +

− ω = − γ λ + λ

− ω = γ λ + λ
 

 
 
The secular equation is 
 

A B A A

B B B A

M M
0 ,

M M

γ λ −ω γ λ
=

−γ λ γ λ −ω
 

  
or 
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( )2

A B B AM Mω −ω γ λ − γ λ = 0 . 
 
One root is ω0 = 0; this is the uniform mode. The other root is 
 

( )0 A B B AM Mω = λ γ − γ = 0;  
 
this is the exchange mode. 
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