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PHY 712 Electrodynamics
10-10:50 AM  MWF Olin 107

Plan for Lecture 28:

Continue reading Chap. 14 -

Review of radiation from charged particles

1. Review of power distribution and
spectral and polarization properties

2. Thompson and Compton scattering

Spring 2014

[Wed: 03/12/2014 [Spring Break
[Fri: 0311412014 | Spring Break

19 [Mon: 03/17/2014 Chap. 8 [Wave guides Take-home exam due 312172014
20 [Wed: 03/10/2014 [Chap. 8 [Sources of Electromagnetic Waves k) 3/21/2014
21 |Fri. 0312112014  [Chap. 8 |Sources of Electromagnetic Waves [#20 3/28/2014
22 Mon: 03/24/2014 Chap. 11 pecial Theory of Relativity 21 [(3i28/2014
123 [Wed: 03/26/2014 [Chap. 11 [pecial Theory of Relat 22 (32812014
24Fri: 03/28/2014  [Chap. 11 [Special Theory of Relal #23 4/04/2014
25 Chap. 14 [Radiation from moving charges 24 41042014
[Chap. 14 |Radiation from maving charges 4/04/2014

[Fri: 0410412014 Chap. 14 |Radiation from moving charges 41112014
Mon: 04/07/2014 Chap. 14 [Radiation from moving charges 21 41112014

29 [Wed: 04/09/72014
30 [Fri: 041112014

31 |Mon: 04/14/2014
32 [Wed: 04/16/2014

| [Fri: 041182014 [Good Friday
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35 |Fri- 04/123/2014
Mon: 04/28/2014 [presentations Part |
| [Wed: 0413012014 [Presentations Part i
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Radiation from a moving charged particle Variables (nofation) :

z i, ()= P
R(,)=r-R,(,)=R

r-R,(1)

X
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Liénard-Wiechert fields (cgs Gaussian units):
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In this case. the electric and magnetic fields are related according to
B(r,¢) = X200, @
R
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Electric and magnetic fields far from source:
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B(r, t)= Rx E(r,¢)
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Poynting vector:

S(r,t):i(ExB)

Radiation distribution in the relativistic case

ﬁ:s.mzziw
dQ 4 (1-p-Rf

This expression gives us the energy per unit field
time t. We are often interested in the power per
unit retarded time t,=t-R/c:

dP(t) _ dB (1) di, M _gR
Q  dQ dt  di,

arle)_ ¢ [Rx[R-p)b]]
dQ  4m (1,[3,1”1)S
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t,=t-Rlc

Power distribution for linear acceleration

ap() g [RxRxp|
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Power distribution for circular acceleration
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Spectral composition of electromagnetic radiation
Time integrated power per solid angle :

—_jd jdz\a o —jdw\a j

Fourier amplitude
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Spectral composition of electromagnetic radiation -- continued

The spectral intensity therefore depends on the following integral:

2

aigg “are I at, [ 7 (xB(r,)) e
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z Example for circular motion:
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Top view:

R, (t.)= prsin(ve,/ p)

+ py(1—cos(vt, / p))
B(z,)= Ak cos(vt, / p)+§sin(vt, / p))
For convenience, choose:
I =Xcos@+zsind X
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= g€, = —Xsinf+2zcosb

B)=

(
y ( g, sin(ve, / p)+e, sinfcos(vt, /p))
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Synchrotron radiation geometry —
usmg modified Bessel functions

fjdxcos[ Elr+ix )] K, (& fjdxxsm x+§x3)]

Exponentlal factor
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Spectral form of synchrotron radiation in this case:
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Plots of the intensity function for synchrotron radiation
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Plots of the intensity function for synchrotron radiation
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Thompson scattering — non relativistic approximation
Power radiated in direction F by charged particle with acceleration v :

ar_ 4
dQ 4’

f'x(f'x\"xz

Suppose that the acceleration V of a particle (charge g and mass m, )
is caused by an electric field:  E(r,f) = ‘J{(s[)EUe‘“"""”’)
V= im(soEUeiko-rﬂ'mz )
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Thompson scattering — non relativistic approximation -- continued

2 2
Time averaged power: <ZT1;> = é[#} |E,[[Fx (B xe, )|

Polarization of incident light: &, = X

Polarization of scattered light:
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Thompson scattering — non relativistic approximation -- continued
Time averaged power with polarization &*:

2
, 2
<£>:L q2 ‘Eo
dQ/ 8z\mc

Scattered light may be polarized parallel to incident field
or polarized with an angle 6 so that the time and
polarization averaged cross section is given by:

(), = -l ), + e, =5

€, -50‘2> =—cos 84—1
N ¢ 2 2
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2
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This formula is appropriate in the X-ray scattering of
electrons or soft y-ray scattering of protons
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Thompson scattering — relativistic and quantum modifications
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Conservati on of momentum and energy :
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Thompson scattering — relativistic and quantum modifications

Pq
incident photon /a
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Relativistic and quantum modifications to averaged cross section :
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