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PHY 712 Electrodynamics
10-10:50 AM  MWF  Online

Notes for Lecture 23:

Continue reading Chap. 9 & 10

A. Electromagnetic waves due to 
specific sources

B. Dipole radiation examples

C. Scattered radiation
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Important results from last time – EM waves from time 
harmonic sources – open isotropic boundaries
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Example of dipole radiation source
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Note that the continuity of charge and current must be  
satisfied.     For the Fourier amplitudes, the relations are 
as bellow:

Jackson’s clever trick!
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Example of dipole radiation source
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Example of dipole radiation source  -- exact results for r>>R:
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More details --
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Example 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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Properties of dipole radiation field for kr >>1:
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Alternative approach
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in the limit kr∞.
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Other radiation sources using 
``alternative approach’’

Linear center-fed antenna
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Alternative approach – linear center-fed antenna continued

( )
/2

cos( '0

/

0

2

)0

0
2

ˆ s

c

in |, '  
4

cos cos os
2 2             =

2 sin

                                     

' |
2

ˆ

dikr
ik

d

ikr

z zI e dz e
r

kd kd
I e

kd k

kr

θµω
π

µ
π

θ

θ

−

−

≈

    −      





− 


 





 


∫z

z

A r

0
0 2

2

2

0

Time averaged power:

cos cos cos
1 2 2 =                                     

8 sin

kd kd
dP I
d

θ
µ
ε π θ

   −   
   

Ω



03/26/2021 PHY 712  Spring 2021-- Lecture 23 18

Alternative approach – linear center-fed antenna continued
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Alternative approach – linear center-fed antenna continued
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Some details --

kd=π                  2π                   3π                   4π                 5π

Polar plot:
Angle indicates 
values of theta

Radius indicates 
value scaled to 1.

θ
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Another source of radiation –
Radiation due  particles reacting to incident 
electromagnetic waves – scattering processes  
Chapter 10 in Jackson
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Dipole radiation in light scattering by small (dielectric) particles

Einc
Hinc

Hsc

Esc

( )( ) sc
0

sc
2

0
sc

inc
0

inc
ˆ

00inc

ˆ1     ˆˆ
4

1
:ionapproximat dipole electricIn 

ˆ1                ˆ

ErHrprE

EkHεE 0
rk0

×=××=

×== ⋅

cr
ek

c
eE

ikr

ik

µπε

µ



03/26/2021 PHY 712  Spring 2021-- Lecture 23 23

Dipole radiation in light scattering by small (dielectric) particles
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Estimation of scattering dipole moment:
Suppose the scattering particle is a dielectric sphere 
with permittivity ε and radius a:
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Scattering by dielectric sphere with permittivity ε and radius a:
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Scattering by dielectric sphere with permittivity ε and radius a:
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Scattering by dielectric sphere with permittivity ε and radius a:
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