PHY 712 Electrodynamics
9-9:50 AM MWF Olin 105

Plan for Lecture 26:
Finish Chap. 11 and begin Chap. 14

A. Electromagnetic field transformations &
corresponding analysis of Liénard-Wiechert
potentials for constant velocity sources

B. Radiation by moving charged particles
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Fri: 03/15/2019  |No class |Spring Break
21 Mon: 03/18/2019 Chap. 9 Radiation from localized oscillating sources  #15 |3/22/2019
122|Wed: 03/20/2019 Chap. 9 Radiation from oscillating sources #16 |3/25/2019
123 ||Fri: 03/22/2019 Chap. 9 and 10 Radiation from oscillating sources #17 |3/27/2019
24| Mon: 03/25/2019 Chap. 11 ‘Spectal Theory of Relativity folgrc 3/29/2019
25\ Wed: 03/27/2019 Chap. 11 |Special Theory of Relativity #18 4/01/2019
26/[Fri: 03/29/2019  [Chap. 11 \Special Theory of Relativity #19 [4/03/2019 |
127 |Mon: 04/01/2019 \
128 |Wed: 04/03/2019
129 ||Fri: 04/05/2019
30 |Mon: 04/08/2019
31| Wed: 04/10/2019
32 ||Fri: 04/12/2019
33 |Mon: 04/15/2019
34 |Wed: 04/17/2019
Fri: 04/19/2019 No class Good Friday
35 |Mon: 04/22/2019
36 |Wed: 04/24/2019
Fri: 04/26/2019 Presentations |
Mon: 04/29/2019 Presentations Il
|Wed: 05/01/2019 Presentations 11l
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Inverse transformation of field strength tensor
7. nB 00
Frb — pler g p1op Pl _7yﬁ,: Y 00
! v v 0 0 10
0 0 0 1
0 -E, -7.(E,~BB.) -7,(E.+BB,)
e E, 0 -7.(B.-BE,) 7.(B,+BE.)
v(E,~BB.) 7.(B.-BE,) 0 -8,
v.(E.+BB,) -7.(B,+BE.) B, 0
Summary of results:
. -
E'.=E, B' =B,
v v
E',=y,(E,-BB.) B, =7,(B,+BE.)

E'.=y,(E.+5B,)
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Example:

Fields in moving frame :

Be (vie yy) o LCVELEY)

(vep+p2)”

Fields in stationary frame :
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E =E, B, =B,
E,vz}/v(E'y+ﬁvB'z) By=7V(B'v‘7ﬁVE'Z)
E=y(E.-pB) B.=y,(B.+BE)
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Example: Fields in moving frame :

Bod (05 yg) o LCVEEEY)

s (vey +02)*

X X
Fields in stationary frame :
E =E. = l](: Vt') 5/2
((— vt')' +b* )
()= 90b)

((~vey +62)"

E =y,

y v

B=p(pE )= (.5

2 z)‘ 2
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Example: Fields in moving frame :
Bod (vie yy)o LEVELEY)

s (vey +02)*

x> X
Fields in stationary frame :
PR L0 2]
(Cvray+0)
Expression in terms of _ V) q(r.b)
consistent coordinates E=r (&)=

((— v;/‘,t)2 +b? ))/2

. (n.A.0)
B =y \BE, =%
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E = a(r.b) _ qa(7.b) ﬂ
Dy ) (e ee)”
%=1
ct
- s 7

Examination of this system from the viewpoint of the
the Lienard-Wiechert potentials —(Gaussian units)

m=M[(R?]{l?]*[“*{(“?}im

(==
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B(r,t):ﬂ —-Rxv ;[I—L;"'V;Rj— R><v/c2
c RY ¢ ¢ .
(R—v R) (R—V R)
c c
B(r,[):RXE(r’t)A
R
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Radiation from a moving charged particle

Variables (notation) :

R, ()=

aR,(t,)

=V
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Examination of this system from the viewpoint of the
the Liénard-Wiechert potentials —(Gaussian units)

2
E(r,0) =%[(Rfﬂj[1f%ﬂ
( R-— QJ ¢ ¢ For our example:

¢ R,(t)=vik  r=by
gl —Rxv W2 R=by—vt X R=\Vt} +b’
Br,n=4| /Y _|1- %
C

. R
¢ v =X to=t——

v-RY
-= -

R
c
This should be equivalent to the result given in Jackson (11.152):
—vyIX + yby
(0 + o))"

B(x.y.2.0) =B(0.b,0.0) = g— 7%
(b2 + (vyt)z)

E(x,p,2,0)=E(0,b,0,0)=¢
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Some details

E(r,t)=jm)3[[R‘fJ[lzzH

(R B For our example:

R,(,)=v& r=by
_ 2 o a _ 2.2 2
Br=2 Rxv I_L] R=by-vt X R=\Vt+b

3 2
c v-R [ 4 R
(R— ) V=X t=t——

4 c

c

¢, must be a solution to a quadradic equation:
R 2

t—t=—— = £-27+y -y /=0
c

with the physical solution:

. _y[ﬂdwmw J
c
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Now we can express R as:

Some details continued:
R= ]/(—ﬁvyt+«/(v7t)2 +b° )

and the related quantities:
R-VR/c=-vix+by

Ry R/eNOTD+D"

V4
T
[R_V-Rj ¢ ¢ (b +0p?)
c
—-Rxv v bz
B(r,n=4 3(177] =q%
(R7V‘RJ c (67 +(vrey?)
c
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Radiation from a moving charged particle

Variables (notation) :
. dR,(t,)
R A
] )= Bl

P

R(,)=r-R,(t,)=R
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Liénard-Wiechert fields (cgs Gaussian units):

19)
_a| -Rxv v v-R)  Rxv/c
B(r.t) = B {(R— Q)g (1 o o ) 7(]2_ Q)Q} . (20)
In this case, the electric and magnetic fields are related according to
B(r.() = R%(”) @n
. dr, (¢, d’R, (1,
R()= Rl Ly R )aror (o)eR e TRl
dt, dt,
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Electric field far from source:




Poynting vector:

Note: We have used the fact that
R-E(r,7)=0
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Power radiated

2

A A .2

Rx|[[R—P)xp

E(r,t}2:4Zch X(l[([sR))j ]
A A .72

dl:s,RRZZLZ‘RX[(R_B)tB]

dQ 4 (1-p-R|

In the non - relativistic limit: g <<1

dP qz

dQ 4z

S(r,t): R

<
4r

2
‘ﬁx[ﬁx[}]z = 4q 5 Mz sin’> ®
7

PHY 712 Spring 2019 -- Lecture 2¢ 17

Radiation from a moving charged particle Variables (notation) :

R, (,)= Bl

z dt,
R(,)=r-R,()=R




Radiation power in non-relativistic case -- continued

Q- 4nc’
—[aQP 24
P_dedQ v
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