PHY 712 Electrodynamics
9-9:50 AM MWF Olin 103
Plan for Lecture 28:
Continue reading Chap. 14 -
Radiation by moving charges
1. Motion in a line
2. Motion in a circle

3. Spectral analysis of radiation

4/5/2015

04/06/2015 PHY 712 Sprin ecture 28

[20 [Mon: 03/16/2015 Chap. 8 [Review Exam; Wave guides 19 03/18/2015
[21 | Wed: 03/18/2015 Chap. 8 Wave guides 20 0312012015
[22 |Fri: 03/20/2015  Chap. 9 Radiation sources 21 0312312015
[23 [Mon: 03/23/2015 Chap. 9& 10 |Radiation and scattering 22 03/25/2015
[24 |Wed: 03/25/2015 Chap. 9810 |Radiation and scattering
[25 [Fri: 03/27/2015__ Chap. 11 Special relativity [223 [03/30/2015
26 [Mon: 03/30/2015_ Chap. 11 [Special relativity [#24 0410172015
[27 [Wed: 04/01/2015_ Chap. 11 [Special relativity [#25 [0406/2015

[Fri: 04/03/2015 Good Friday  |No class

» [28 [Mon: 04/06/2015 Chap. 14 [Radiation from moving charges 26 04/08/2015

[29 [Wed: 04/08/2015 Chap. 14 [Radiation from moving charges 27 0411012015
30 [Fri: 0411012015 0411312015
31 [Mon: 041312015 0411512015
32 |[Wed: 04/15/2015 0411712015
33 [Fri: 04/17/2015 0412012015
34 [Mon: 0472012015
35 [Wed: 04122/2015
36 [Fri: 0412412015

[Mon: 04/27/2015 [Presentations I

[Wed: 042912015 [Presentations 11

[Fri: 05/01/2015 [Presentations i & Take home exam
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Radiation from a moving charged particle

. dr_(z,)
R ()= )
, ==

R(t,)=r-R,(t,)=

Variables (notation) :

\4

R
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Liénard-Wiechert fields (cgs Gaussian units):

19)
_q| -Rxv v ¥R\ Rxv/e
pe = [ R (- 54 1R - B ]
In this case, the electric and magnetic fields are related according to
B(r:[’):Rx—E(nt)‘ @n
R
. dr,(z, d’R, (1,
R, (1)= ”()zv R(,)=r-R,(1,)=R V= “f)
dt, dt,
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Electric field far from source:

R
Let =— BEX Bzf
c
= 9 AX R X
el gy olR-s)al
B(r,t)= Rx E(r,t)

Poynting vector:

Note: We have assumed that
R.E (r, t) =0
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Power radiated

R[]

47cR? (

o e o [RAR- )]
4 (1,[3,1‘1)(’

In the non - relativistic limit: £ <<1

e ‘R [Rxp]

*sin? @

1-p-Rf

Radiation from a moving charged particle

PHY 712 Spring 2015 -- Lectur

Variables (notation) :
_dR,(1,)
t

=V

Radiation power in non-relativistic case -- continued
Z’g o= M sin’ ®

dpP 2q
P= dedQ T L
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Radiation distribution in the relativistic case

dlzs.mzziw

dQ 4 (1_13.1”{)6

t,=t-R/c
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) dP(z,)dr, a1 _g.R

dQ T dQ dr dr P
() g [Rx[Rop)if
dQ 4w (p.R)

t,=1-R/c
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Radiation distribution in the relativistic case -- continued

i) ¢ [Rx[R-p}i]]

>

@ 4w (-p.Rf

t,=t-R/c

For linear acceleration: ~ Bxp=0

an)_ o Rx(Rxp]
aQ 4z (143.&)5

q Mz sin’* @
3 5
(1-Bcos0)

4

t,=t-R/c
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Power from linearly accelerating particle

A A 2
dR(t,.):q;R*(RX"] __ yp_sin'0
dQ 4 (1_5,1”{)5 4m® 't (1= Beosb)
=t-R/c
n p=0.7
; B=0
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Power from linearly accelerating particle
dP.(z,) ‘RX(RXM _q i sin’ 6
dQ ( -B- R)S ‘ 4mc®' " (1- Beos6)

t,=t-R/c
1

Ji-p

2
I*dQ— %‘V‘Zf where y =
3¢
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Power distribution for linear acceleration -- continued

g .. sin®@

:4ﬂc

2
PI_(,:I_):IdL(tf)d EQTszs where y =
dQ 3¢ 1-5°
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Y (1-Bcos@)

Power distribution for circular acceleration

‘Rx[(R ppo
dQ 47[0 ( BR)S

t,=t-R/c

g B -pR] - (RBJ (-

47c (I,B,f{)s

2
p(,)= Jan el 24y
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Power distribution for circular acceleration

ap () g B (1-B-R) ~(R-B) (1-)

daQ 4re (1—B~ﬁ)5

i, =i-Rlc

_q MZ ___cos Osin” ¢
47c* (1-feos(@))' | 7> (1-Beos(@))’
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Spectral composition of electromagnetic radiation
Previously we determined the power distribution from
a charged particle:
‘Rx R-p)x [s]

dP(t) o
K_SRR 472'(3 (1 BR)ﬁ

=|a(y

where \/7RX R- BXﬁ]
1 B- R

Time integrated power per solid angle :

aw _ fd dP(t) jd\a - wa\d(wjz

-0
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t,=t-Rlc

t,=t-R/c

Spectral composition of electromagnetic radiation -- continued

Time integrated power per solid angle :
- jdt jdz\a = [dof@(w)
Fourier amphtude :

—iat

17 iot _ 1 7 7
a))sﬁ:[cdt alt)e a(t)_ﬁidwa(a)
Parseval’s theorem

Marc-Antoine Parseval des Chénes 1755-1836

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

Consequences of Parseval's analysis :
a_ jdz jdz\a = [dod(o)f

Note that : a( )—d*(—w)

% =Iodw‘a~(wr = Idw(‘d(wr +‘a~(—w12j = ]zdw%
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Spectral composition of electromagnehc radlation -- continued

‘Rx R-p) x[}
For our case:
471'c —B- R)S

Fourier amplitude :

d(w) ——jdta &

\/7] ‘RX R- B ” oot

t.=t—-R/c
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Spectral composition of electromagnetic radiation -- continued

Fourier amplitude :

@(w)Eﬁszat e
I L )
8”204) ( -B- R) t,=t-R/c
\/7.‘_ dt ‘Rx R- B XB] oot R(,)e)
81’ B R)3 1,=t-Rlc
i@l +R (1, )/e)

\/;I ‘Rx BR)Z
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Spectral composition of electromagnetic radiation -- continued

Exact expression :

R>< R B x[}]
/ J ‘ ol R V)
(-pRf |

t,=t-Rlc
Recall : Rq(tr)Edeqt(tr)Ev R(tr)sr—Rq(tr)ER
For r>>Rq(tr) R(t)~r-t Rq(tr) where F=1
’
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Spectral composition of electromagnetic radiation -- continued

Exact expression:

Fjdl RX( R B)) B}‘ euu(r,m(/,)/p)
1-B-R

t,=t-R/c

Approximate expression:

O N PAERB]  amirs

1-
Resulting spectral 1ntens1gy expressidir #/c

821 _ q22 ]g dtr |r X || eiw(z, —iR, (1, )/(‘)
0wdQ)  Arn’cl|?, (l—ﬁ-r)
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t,=t-R/c

Example — radiation from a collinear acceleration burst

~

—o0

= dt,
8ax3’Q 472'C'[ 1 B-r)

|t, =t-R/c
ﬁAv

Suppose that p =4 ¢z 0<t, <z

0  otherwise
I x [f' x ﬁ:| Av
(1-p-#)'z
ol ¢ Avsing®  sin(or(1- Bcosd)/2) |
000Q  4r°c*| (1-Peosd) (wr(1-Pcos)/2)
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2

T

J‘dt elw(l, )
0

o’ 4
0weQ  4rc

LetB-r=fcos@

2
|r><[ " ﬁ Xﬁ || eiw(r,-e-R,(r,)/c)




Example:
Bav
Suppose that =1 ¢r O<i <7

0  otherwise

2
0’1 _ q ( Avsin€  sin(wz(1— fcosd)/2)
0woQ) A’ k(l—ﬁ’cos@)z (wz(1-BcosB)/2)

Av
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Spectral composition of electromagnetic radiation -- continued

Alternative expression --

It can be shown that:

Tz

Integration by parts and assumptions about the integration

limit behavior shows that the spectral intensity depends on
the following integral:

o'l
8(08(2 472’
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2

jdt [Ex(FxB (1))
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