PHY 712 Electrodynamics
9-9:50 AM MWF Olin 103

Plan for Lecture 28:
Finish Chap. 11 and begin Chap. 14

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

B. Radiation by moving charged particles
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Inverse transformation of field strength tensor
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Summary of results :
E =E' B.=B',
E=y(E+pB.)  B=y(8-BE.)
E=y(E-8B,)  B.=r(B.+pE)
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Example:

Fields in moving frame :

g(—ve'x+by)

(vep+p2)”

O
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z Fields in stationary frame :
E =E' B =B
E =y (E +8B) B, =78 -BE")
E=y(E-pB,)  B.=y(B+BE)
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Example: Fields in moving frame :
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Fields in stationary frame :
E.=E. = l](: Vt') 572

(Cvey +7)

(5 ) 40rb)
)

(vep o)

E =y,

y v

B =y (pp ) dlrBD)
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Example: Fields in moving frame :

g(—ve'R+by)

((vey 4]

; E=(vi+y§)=

3

x> X
Fields in stationary frame :
Eop, -4l
(Cvrey e
Expression in terms of _ V) q(,b)
consistent coordinates E=r, (&)=

((— v;/‘,t)2 +b2); :

B—y(pp )= d0BE)
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Examination of this system from the viewpoint of the
the Lienard-Wiechert potentials —(Gaussian units)

. ER .
B(r,t):g Rxv 3[1_\)72_*_v }1]_ R><v/cZ
c . c c .
Ry R] (R—v Rj
c c
B(r,t):RXE(r’t),
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Examination of this system from the viewpoint of the
the Liénard-Wiechert potentials —(Gaussian units)

2
Er)=-——9L [[R—ﬁ)[l—v—zﬂ
( R— ﬂ) ¢ ¢ For our example:

c A A
R, (1) =vtX r=by
q —Rxv ¥ R=by-vt % R=\Vt+b*
B(r,)=>| ———=|1-—5 R
¢ v-R ¢ V=% t=t——
R-Y= el
¢
This should be equivalent to the result given in Jackson (11.152):
E(v.y.2,0) = E(0.5,0.0) = g— L340
(6 +(pey?)
B(x.y.2.0) = B0.b,0.0) = g— P2
(5 +0m))

03/31/2017 PHY 712 Spring 2017 - Lecture 28




Some details
E(r,1) =#R3[[R—ﬁJ[I ’VTH
V- c 4
RfT)

For our example:
R (t)=vtX r=by

Br=d| RxY [1):]
' C(R—"‘Rj ¢ R=bj—vt}  R=+b

¢ . R
V=X t,=t——

t, must be a solution to a quadradic equation: ' ¢
R

t—t=—— = -2t +y "t —yb /=0
c

with the physical solution:

(= V[W JOoyt) +b* ]
c
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Now we can express R as:

Some details continued:
R= ;/(—ﬁvyl‘er(v;/l‘)2 +b? )

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

Rey-R/eYOTD+D"

e
E(r,0) = %[(R_ﬂj(l _%H :qL'”/b’?z
_ﬂ) c )] (o)

-Rxv (I—ﬁ] - bz
c (Rva U@ (6 +py)”
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Radiation from a moving charged particle

Variables (notation) :
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Liénard-Wiechert fields (cgs Gaussian units):

[’ 3 Rxv/je
¢ L (R—xB)* |
In this case. the electric and magnetic fields are related according to
R = E{r.f)
Bir.t)= st
r.t) 7
. dR (¢, d°R. (¢
R ()= qb)zv R(t,)=r-R (;,)=R V= )
g \'r d[ 7 q\'r dt 2
r r
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Electric field far from source:

R
Let =— BEX Bzf
c
= 9 AX R X
el ey ookl
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

A . ]2
. 2 R—p)<p
S(0.0) = Rl =L (1[(_&12; ]
dl =S-RR? = LZM
dQ 4mc (1 -B- R)G
In the non - relativistic limit: £ <<1
20 am ‘R [Rxl}] *sin’ @
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Radiation from a moving charged particle

Variables (notation) :

. dR (¢
R ()= Bl
=R
M sin’ ®
y
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Radiation power in non-relativistic case -- continued
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