PHY 712 Electrodynamics
12-12:50 AM MWF via video link:
https://wakeforest-university.zoom.us/my/natalie.holzwarth

Extra notes for Lecture 30:
Finish reading Chap. 14 and start Chap. 15 -
Radiation from scattering charged particles
1. Thompson and Compton scattering

2. Radiation from particle collisions
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In this lecture we will discuss radiation due to collions.



[24/[Mon: 03/23/2020 Chap. 9 Radiation from localized oscillating sources  |[#17 |03/25/2020
[22//Wed: 03/25/2020 Chap. 9 Radiation from oscillating sources #18 |03/27/2020
[23 [Fri: 03/27/2020 |[Chap. 9 and 10 [Radiation from oscillating sources [#19  |03/30/2020
[24/[Mon: 03/30/2020 Chap. 11 Special Theory of Relativity #20 |04/03/2020
[25/[Wed: 04/01/2020 Chap. 11 Special Theory of Relativity
[26 [Fri: 04/03/2020  [Chap. 11 Special Theory of Relativity #21 |04/06/2020
[27/[Mon: 04/06/2020 Chap. 14 Radiation from accelerating charged particles |[#22 |04/08/2020
[28 [Wed: 04/08/2020 Chap. 14 Synchrotron radiation
[ [Fri: 04/10/2020  |No class Good Friday
[29 [Mon: 04/13/2020 [[Chap. 14 [Synchrotron radiation [#23  [04/15/2020
30 [Wed: 04/15/2020 |Chap. 15 [Radiation from collisions of charged particles [#24 [04/17/2020
[31 |Fri: 04/17/2020  |[Chap. 13 |Cherenkov radiation |
32 Mon: 04/20/2020 sﬁsgr'zl)‘n"dpu'gﬁﬁé‘ M aspects of
’; \Wed- 04/22/2020 i[;ctaec;ﬂléopic: Aspects of optical properties of
[34 [Fri: 04/24/2020 || | | |
[35 [Mon: 04/27/2020
lﬁ Wed: 04/29/2020 Review
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Last homework set for the semester.



Thompson scattering --

Some details of scattering of electromagnetic waves
incident on a particle of charge q and mass m,

Incident electomagnetic wave:

0 k, propagation direction

g, polarization direction

E(r'.t) = R(g,Ee™™ ™)

e e lD

[ YSSS pE—

Scattered radiation:
r observed position
€,,€, polarization directions
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Consider the effects of a charged particle encountering an electromagnetic wave.



Thompson scattering — non relativistic approximation

Power radiated in direction r by charged particle with acceleration v :
P g’

o) = " ‘f' N (f' X V)r

Suppose that the acceleration v of a particle (charge g and mass m, )

is caused by an electric field:  E(r,?) = ﬂ%(soEoeik“"’i“”)

v :im(soEoeiko‘r—iwt)
m

q

2
2
Time averaged power : <3—£> = é( m‘icz J ‘Eoﬂf' x(Fxg, )‘2
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The power generated in the far field approximated by the non-relativistic limit, is given
here. Now we consider that the particle acceleration is due to the oscillating electric field.
The power of the radiation of the particle is then given here.



What assumptions are made to conclude that

v=-L9(eEeh ) 9

n,

Is it always true?
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Thompson scattering — non relativistic approximation -- continued
2

: dP cl ¢ 21n  /n 2
Time averaged power: = E | [Fx(rxe
seep <dQ> 87 chz |0| ( 0)‘
I =sind(cos¢ X+sing §)+cosbz
Z
K r

Polarization of incident light: g, = X

L

Polarization of scattered light:

y

LT — p—

g = cos9(§00s¢+§7sin¢) —zsin@

X & €, =—Xsing+ycosg
Are these polarizations unique?
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By evaluating the radiation geometry, we can determine the power distribution.




Note that we are associating the vector I x (f‘ X V)
with the polarization of the light. Why?

Liénard-Wiechert fields (cgs Gaussian units):

(19)
-R 2 v-R R x v
B(r,t) = ng(l—g v )— Ve | o)
¢ L(R-*F) “ (R—>3)
In this case, the electric and magnetic fields are related according to
R x E(r,t
B(r,t) = %_ 1)
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Thompson scattering — non relativistic approximation -- continued
2

2
Time averaged power: <;’Z£> = 8; mi]]cz |E0|2 ‘f x (Fxg, )‘2
I =sind(cos¢ X+sing §)+cosbz
z
K r

Polarization of incident light: €, = X

L

Polarization of scattered light:

fx(Fxg,)=r(F-¢)—g, (perpendicular to r)

<

LT TP ——

X € denote scattered light polarization by &
g -(Fx(Fxg,))=—¢ "¢,
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The radiated field is polarized perpendicularly to the propagation direction so that the
power depends on the dot product of radiation polarization and the incident polarization.



Thompson scattering — non relativistic approximation -- continued
2

: dP cl ¢ 21n  /n 2
Time averaged power: = E,| |Fx(rxg
ged p <dQ> o e [ [fx(Fxz, )
I =sind(cos¢ X+sing §)+cosbz
Z
kg " Incident light: 802;(

Polarization of scattered light: €

Linear combination of

g ysl =cosf(xcos@p+ysing)—zsind
€, =—Xsing+ycos¢
X €1 )
* _ 2 2\ 2 2 )
<s -80‘ >— <|.s1 -80| >+<|€2 -£0| >—<cos 0 cos ¢>+<sm ¢>
04/15/2020 PHY 712 Spring 2020 -- Lecture 30 9

Evaluating the dot products for this geometry.



Thompson scattering — non relativistic approximation -- continued
Time averaged power with polarization €*:

5 2
dPN\_c| 4 E,[le*e,f
dQ)/ 8rx m,c
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:

1 1
<|£*.ao|2>¢ = <|s1 '80|2>¢ +<|g2 '80|2>¢ :Ecosz 6’43

) 2
Averaged cross section: do - 4 5 l(1 +cos’ 0)
dQ 2

qu

This formula is appropriate in the X-ray scattering of
electrons or soft y-ray scattering of protons
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Summary of results in the non-relativistic limit.
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Thompson scattering — relativistic and quantum modifications

Pq
incident photon ~_—"a
P A0
Q
O
% SN 1
o,é %Op
Conservation of momentum and energy:
p=p'cost+p, cosa pc=ho
0=p'sinf—p, sina p'c=ho'

2
2 ' 12 2 2
ho+m,c —ha)+\/pq c +(ch )

ho
P 1+—=(1-cosd)
m_c
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When the photon energy is comparable to the rest mass energy of the charged particle, we
have to consider momentum and energy conservation. This was ferst analyzed by
Compton. Your homework asks you to examine the Compton scattering relationships.



Thompson scattering — relativistic and quantum modifications

incident photon ~_—"a

Relativistic and quantum modifications to averaged cross section:

P -

1
(1-cos®)

P _
p ha)
2

qu

1+
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The effects of the Compton scattering change the cross section.
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Plot of the changes to the Thompson cross section due to the Compton effect.
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Up to now, we have been considering (re)radiation due to a
charged particle interacting with an electromagnetic field.
Next time we will consider radiation due to interactions
(collisions) of charged particles themselves.
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Radiation produced by collisions of charged particles

Generation of X-rays in a Coolidge tube
https://www.orau.org/ptp/collection/xraytubescoolidge/coolidgeinformation.htm

Tungsten Anode Electron Beam

Cathode

Anode Arm Cathode Arm

i s oY%
O T

X:RayrBu-a_am
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Next time we will consider more generally the properties of radiation produced by charged
particle collisions.
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http://www.ndt-ed.org/EducationResources/CommunityCollege/Radiography/Physics/xrays.htm
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Example of x-ray spectrum .
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