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PHY 712 Electrodynamics
9-9:50 AM  MWF  Olin 103

Plan for Lecture 13:

Continue reading  Chapter 5

1. Hyperfine interaction 

2. Macroscopic magnetization density M

3. H field and its relation to B

4. Magnetic boundary values
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Interactions between magnetic dipoles
Sources of magnetic dipoles and other sources of 
magnetism in an atom:

• Intrinsic magnetic moment of a nucleus
• Intrinsic magnetic moment of an electron
• Magnetic field due to electron current 

Interaction energy between a magnetic dipole m and a 
magnetic field B:
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Hyperfine interaction energy:  -- continued
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Evaluation of the magnetic field at the nucleus due to the 
electron current density:
The vector potential associated with an electron in a 
bound state of an atom as described by a quantum 
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Hyperfine interaction energy:  -- continued 2
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Hyperfine interaction energy:  -- continued
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Putting all of the terms together:

30
HF 3 3

ˆ ˆ3( )( ) 8
( ) .

4 3 e

e
H

r m r

m 




     
     

 

N e N e N
N e

μ r μ r μ μ L μ
μ μ r

In this expression the brackets      indicate evaluating 
the expectation value relative to the electronic state.
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Macroscopic dipolar effects --
Magnetic dipole moment
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Vector potential for magnetic dipole moment
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Macroscopic magnetization
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Vector potential due to “free” current Jfree(r) and 
macroscopic magnetization M(r).   Note: the designation 
Jfree(r) implies that this current does not also contribute 
to the magnetization density. 
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Vector potential contributions from macroscopic 
magnetization -- continued
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Vector potential contributions from macroscopic 
magnetization -- continued
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Example magnetostatic boundary value problem
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Example magnetostatic boundary value problem -- continued
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Example magnetostatic boundary value problem -- continued
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Example magnetostatic boundary value problem -- continued
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Variation; magnetic sphere plus external field B0
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Magnetism in materials
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Example:   permalloy, mumetal m/m0 ~ 104
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Spherical shell   a < r < b :
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Example:   permalloy, mumetal m/m0 ~ 104 -- continued
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Example:   permalloy, mumetal m/m0 ~ 104 -- continued

m

m0 m0

a
b

B0

 
 

 

  coscos)(              For   

 cos)(       For   

 cos)(       0For   

0)(           0

)()(     :Let

1
0

0

1

2





























l
ll

l
H

l
ll

ll
lH

l
l

l
lH

H

H

P
r

r
B

br

P
r

rbra

Prar





m








r

r

r

rrB

rrH



2/12/2015

9

02/13/2015 PHY 712  Spring 2015 -- Lecture 13 25

Example:   permalloy, mumetal m/m0 ~ 104 -- continued
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Example:   permalloy, mumetal m/m0 ~ 104 -- continued

m

m0 m0

a
b

B0

      

   





























0

0
3

0

0

0
2

0

3

00

0
1

/1

2/9

/

1
     

1//22/1/2

/9

:clearsdust  When the

mmm

mmmmmmm

mm


B

ba

B

ba

02/13/2015 PHY 712  Spring 2015 -- Lecture 13 27

Energy associated with magnetic fields
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