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PHY 712 Electrodynamics
10-10:50 AM  MWF  Online

Discussion on Lecture 22:

Sources of radiation

Start reading Chap. 9

A. Electromagnetic waves due to 
specific sources

B. Dipole radiation patterns
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Your questions –
From Tim -- So is it a good approach to first figure out if the charge is 
moving, hence we would use the vector potential because of the current 
density term in the integrand. If the charge is stationary then we should use 
the scalar potential. Can you have a combination of both? Or are these just 
two different ways of looking at the same source. Do the spherical Bessel 
functions arise because the potential of a point charge is spherically 
symmetric?

From Nick -- I was following okay until slide 15/16. \tilde{\phi} is defined 
with \tilde{\rho} on 15 but no tilde on 16. Why the change? And can you 
elaborate more on the integral form of \rho?

From Gao -- Why do you put scalar potential and vector potential in the 
same form differential equation not in two separate equations? What 
conclusion will it lead to or what benefits will it bring?
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Formulation of Maxwell’s equations in terms of vector and 
scalar potentials
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Formulation of Maxwell’s equations in terms of vector and 
scalar potentials -- continued
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Formulation of Maxwell’s equations in terms of vector and 
scalar potentials -- continued
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This choice decouples the 
equations for the scalar and 
vector potentials.
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Solution of Maxwell’s equations in the Lorentz gauge -- continued
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Electromagnetic waves from time harmonic sources
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Charge density:    , ,

Current density:   , ,

Note that the continuity condition applies:
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Electromagnetic waves from time harmonic sources –
continued:



03/24/2020 PHY 712  Spring 2021 -- Lecture 22 13

Electromagnetic waves from time harmonic sources –
continued:
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Electromagnetic waves from time harmonic sources –
continued:
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Electromagnetic waves from time harmonic sources –
continued:
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    :function Hankel Spherical          

  :function Bessel Spherical          

'ˆˆ
'4

:expansion Useful

*
'

krinkrjkrh
krj

YYkrhkrjike

lll

l

lmlml
lm

l

ik

+=

=
− ><

−

∑ rr
rr

rr

π

( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( )
                                     

'ˆ,'~',~

ˆ,~,~,~

*3
0

0

∫

∑

><=

+=

rrJa

rarArA

lmlllm

lm
lm

lm

Ykrhkrjrdikr

Yr

ωµω

ωωω



03/24/2020 PHY 712  Spring 2021 -- Lecture 22 16

Forms of spherical Bessel and Hankel functions:
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Electromagnetic waves from time harmonic sources –
continued:
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Some details:
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Electromagnetic waves from time harmonic sources –
continued  -- some details:
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Electromagnetic waves from time harmonic sources –
continued:
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Electromagnetic waves from time harmonic sources –
continued:
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Some details -- continued:
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Electromagnetic waves from time harmonic sources –
continued:
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Note:  in this case we have assumed a restricted  extent 
of the source such that  kr’<<1 for all r’ with significant 
charge/current density.
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Electromagnetic waves from time harmonic sources –
continued:
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Example of dipole radiation source
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Example of dipole radiation source -- continued
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Relationship to pure dipole approximation (exact when kR0)
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