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PHY 712 Electrodynamics
10-10:50 AM  MWF  Online

Discussion for Lecture 28:

Start reading Chap. 14 –

Radiation by moving charges

1. Motion in a line

2. Motion in a circle

3. Spectral analysis of radiation
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Your questions –
From Gao -- Do different frequencies stand for different wavelengths? 
How can it produce lots of wavelengths in a single process?
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Radiation from a moving 
charged particle
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Liénard-Wiechert fields (cgs Gaussian units):
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Comment --

Note that (21)   can be demonstrated by evaluating R x E(r,t)

Other helpful identities:         ax(bxc)=b(a⋅c)-c(a⋅b)
a⋅(bxc) = b⋅(cxa) = c⋅(axb) 
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Electric field far from source:
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Note that all of the variables 
on the right hand side of the 
equations depend on tr .
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Poynting vector:
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Power radiated
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Radiation from a moving charged particle
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Radiation power in non-relativistic case -- continued
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Radiation distribution in the relativistic case
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Some details –
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Why do you think it useful to measure the power as 
energy per unit retarded time Pr?

1. Jackson likes to torture us.
2. There should be no difference.
3. ???
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Radiation distribution in the relativistic case -- continued
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Polar plots:
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Note – two separate plots are introduced in order to see 
the drastic change of scale at values of β close to 1.
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Power from linearly accelerating particle 
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Power distribution for linear acceleration -- continued
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Power distribution for circular acceleration
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Summary of results  --For linear acceleration --

y

z

x

β

β

.

r

θ

( ) ( )
( ) ( )

2
2 2 2

2
5 53

/

ˆ ˆ sin
4 4ˆ 1 cos1

r

r r

t t R c

dP t q q
d c c

θ
π π β θ

= −

× ×
= =

Ω −− ⋅

R R β
v

β R







04/09/2021 PHY 712  Spring 2021 -- Lecture 28 23

y

z

x

β
β

.r
θ

Power distribution for circular acceleration
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Angular integrals for the two cases –

Linear acceleration

Circular acceleration
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Spectral composition of electromagnetic radiation
Previously we determined the power distribution from
a charged particle:
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Spectral composition of electromagnetic radiation -- continued
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Parseval’s theorem
Marc-Antoine Parseval des Chênes 1755-1836

http://www-history.mcs.st-andrews.ac.uk/Biographies/Parseval.html

http://www-history.mcs.st-andrews.ac.uk/Biographies/Parseval.html
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Spectral composition of electromagnetic radiation -- continued
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2

What is the significance of ?I
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∂
∂Ω∂

1. It is purely a mathematical construct
2. It can be measured
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Spectral composition of electromagnetic radiation -- continued
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Spectral composition of electromagnetic radiation -- continued

( ) ( )

( )[ ]
( )

( )[ ]
( )

( )( )

( )[ ]
( )

( )( )ctRti

cRtt

r

ctRti

cRtt
r

r

ti

cRtt

ti

rr

r

rr

r

r

edt
c

q

e
dt
dtdt

c
q

edt
c

q

etdt

/

/

22

2

/

/

32

2

/

32

2

ˆ1

ˆˆ

8
          

ˆ1

ˆˆ

8
          

ˆ1

ˆˆ

8
          

   
2
1~

:amplitudeFourier 

+

−=

∞

∞−

+

−=

∞

∞−

−=

∞

∞−

∞

∞−

⋅−

×−×
=

⋅−

×−×
=

⋅−

×−×
=

≡

∫

∫

∫

∫

ω

ω

ω

ω

π

π

π

π
ω

Rβ

ββRR

Rβ

ββRR

Rβ

ββRR







AA



04/09/2021 PHY 712  Spring 2021 -- Lecture 28 32

Spectral composition of electromagnetic radiation -- continued
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Spectral composition of electromagnetic radiation -- continued
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Example – radiation from a collinear acceleration burst
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Example:  “Bremsstrahlung” radiation
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Spectral composition of electromagnetic radiation -- continued

( )( ) ( )( )
22 2 2

ˆ /
2

Integration by parts and assumptions about the integration 
limit behaviors shows that the spectral intensity depends on 
the following integral:

ˆ ˆ
4

r q ri t t c
r r

I q dt t e
c

ωω
ω π

∞
− ⋅

−∞

∂  = × × ∂ ∂Ω ∫
r Rr r β

( )
( )

( )
( )2

Alternative expression --
It can be shown that:

ˆ ˆ ˆ ˆ
ˆ1ˆ1 r

d
dt

 × − ×  × ×  =   − ⋅− ⋅  

r r β β r r β
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