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6.642, Continuum Electromechanics 
Prof. Markus Zahn 

Lecture 2: Continuum Electromechanics (Melcher) – Section 2.16 
Flux-Potential Relations for Laplacian Fields 

 
 

I. Planar Layers 
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B. Magnetic Fields 
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II. Cylindrical Annulus 
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2. k=0, m≠0 
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3. k≠0, m≠0 
 
i ( ) ( )1 m 2 m= A  I kr + A  K krΦ  [Modified Bessel Functions] 

 
( ) ( )m mI r =  ,  I r 0 finite→ ∞ ∞ → →  

 
( ) ( )m mK r 0 ,  K r 0→ ∞ → → → ∞  

 

( ) ( ) ( ) ( ) ( )- m+1m
m m m m

2
J jkr = j I kr  , H jkr = j K kr

π
 

 

i ( )
i ( ) ( ) ( ) ( ) i ( ) ( ) ( ) ( ){ }

( ) ( ) ( ) ( )
m m m m m m m m

m m m m

H jk J jkr - J jk H jkr + J jk H jkr - H jk J jkr
r =

H jk J jk - J jk H jk

α β
⎡ ⎤ ⎡Φ β β Φ α α⎣ ⎦ ⎣

Φ
⎡ ⎤β α β α⎣ ⎦

⎤⎦

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6.642, Continuum Electromechanics                                                                                       Lecture 2 
Prof. Markus Zahn                                                                                                             Page 5 of 9 



III. Spherical Shell 
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