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ElectroScience Lab-Volakis 

Solving Maxwell’s Equations Using 

Potentials: Given J find (E,H)  

e

 Start with:

  E          (1)  e 

   H    (2)e 

Introduce a simple differential equation: 
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  Substituting (4) into (1): E  (E ) 0

Recall the old static equations:      0,    E
static
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 From (2): 
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 

 To simplify the double curl, note

2                             ( )       (6)

2 2  Substitute (6) into (5):   J

    has derivatives different from  and a function 
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  is not completely 

   defined until all derivatives (recall Taylor series) are known, 

   we can arbitrarily set          Φ

2 2 2                  J     (component form:
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 In spherical coordinates, for one component, this becomes
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( )
To solve (7), set   ( )      0

r

  whose solution is           f(r)=C +C

  From the Sommerfeld condition, keep only the outgoing wave: 
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  To account for sources, recall that from statics the solution of 

C1
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( )2Similarly,  implies       A ( )
4

  The  term provides the shift due to the off center location of the source. 

Because the fundamental solution function

-jkr
e
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r
 the integral for A  is modified to read: a

-jkr Ce 1(Compare A  V= )a 1 r r
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This can be a volume, surface or line integral, de

C with
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( )
Generally  A=        with       

4

Volume (not often used for antenna analysis)  

' ' '( )
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