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

Plan for Lecture 26:

Continue reading Chap. 11 -

Theory of Special Relativity

A. Lorentz transformation relations

B. Electromagnetic field transformations

C. Connection to Liénard-Wiechert potentials
for constant velocity sources
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Lorentz transformations
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Convenient notation :
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Moving frame
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Lorentz transformations -- continued

For the moving frame with v =vX:
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Special theory of relativity and Maxwell’s equations

i . 0
Continuity equation: 6—'0 +V-J=0
t
. 1 0D
Lorentz gauge condition: - —+V-A=0
c ot
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Potential equations: — = VO =4zmp
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Field relations: E=-VO-—— —
c Ot
B=VxA
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More 4-vectors:
ct
X
Time and position : = x
y
V4
cp
J,
Charge and current : J =J”
J.
(O]
. A,
Vector and scalar potentials : AA = A"
A




Lorentz transformations

Time and space :

Charge and current :

Vector and scalar potential: A4“ = £ A" = 11‘,'4’ A”
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4-vector relationships

L= 4 L= (AO,A): upper index 4 - vector A4“ for (a = 0,1,2,3)

ct A°
1

AZ

z A

Keeping track of signs - - lower index 4 - vector 4, = (A0 ,—A)

Derivative operators :

{25
cOt
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A
cot

Continuity equation :
Lorentz gauge condition :

Potential equations :

Field relations :

Special theory of relativity and Maxwell’s equations
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Electric and Magnetic field relationships

E:—ch—l% Ex:—@—%=—(60A‘—6‘A°)
c ot ox cot
04,
E,,=—a£——"=—(8°,42_52,4°)
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E. =—83—%:—(50A3_53A0)
) 0z ot
B=VxA o4
B, = 0A, _7)':_(62/13_63/12)
ooy 0Oz
B :an 7%:7(53141761143)
Yooz ox
04,
B, :7’,%:7(51142762141)
ox oy
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Field strength tensor  F* = (6° 4" 5 4°)
0 -E, -E, -E

E 0 -B B

x z v

E, B. 0 -B

E, -B, B, 0
Transformation of field strength tensor
7e 0B 0
rB, v, 0
0 0 1
0 0
0 -E, -7l
E 0 -8
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Fa/i — _BVWF'YE .B‘,d/j ‘e» —
0 1
F* =

(-8B, ~r(B,-BE) B
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E+pB.) -1 (E-BB,
: ABE,) 7 (B-BE)
n(E+BB.) 1 (B.+BE,) 0 -5

0

Inverse transformation of field strength tensor

_iar &

FY=p F""E;l

. .
Bl e, -pm) nB.-pE) 0

n(E+BB,) -r(B +BE.) B

Summary of results :

Ex = E'x

E=p(Ep8) B =
E=7(E.-BB,) B.=yB+BE,)

B, =B,
(B, -AE)

26

PHY 712 Spring 2015 - Lecture

0 -E, -nlE '\ -BB.) -1(E ':+/>’\,»B'y)
E 0 ~7(B-BE,) 7B, +BE.)

-B'
0




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 :

q(-v'x+ b&)

((~vey +2)"

; E=L(vi+yy)=

=3
X

X X
Fields in stationary frame :
E.=E. = l](: Vt') 572

(Cvey +7)

(5 ) 40rb)
)

(vep o)

E =y,

y v

Bz—}/v(ﬂva)_ ((—vt')z+bz)”
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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); :

5 =yv@v5.v)=M
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Examination of this system from the viewpoint of the
the Lienard-Wiechert potentials (temporarily keeping S| units
R . , . dR (1)
pr,t)=q5"r-R, () Jr,n=¢R, O r-R, (1) R,O=—]
D(r,1) = “aﬂ dr p(r ”5( (- r—r'|/c))
4re, r'|
A= ¥ di J(r ”5( —(t-r—r'|/c))
Evaluating 1ntegral overt':
- . S@)
dt'f"o(t'-@t—|r-R (t"|/¢))=——F————,
[ arp@s(e=G=r=R @) /0) N X X)
clr-R, ()]

Examination of this system from the viewpoint of the
the Lienard-Wiechert potentials — continued (S| units)

1
D(r,1) = Y
471'5 0 R v-R
c
\
A(r,t)=
47[5 o R— v-R
c
dR (1,
where R=r-R,(t,) V:M
dt,
E(r,t)=-VO(r,7) _0ArD
ot
B(r,t) =V xA(r,?)
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Examination of this system from the viewpoint of the
the Lienard-Wiechert potentials — continued (S| units)

B(r,5)= q . —Rxv 3[]_2+V~ZRJ_ Rxv/c
4re,c (R—V‘R) c c (R—V‘R)
c c
B(r,r) = RXE@®:0)
cR
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Examination of this system from the viewpoint of the
the Lienard-Wiechert potentials — continued (Gaussian units)

B(r.=d| —RXY

-5+
c V.RJJ[ e

R

c

B(r,r) = RXE@D
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Examination of this system from the viewpoint of the
the Liénard-Wiechert potentials — continued (Gaussian units)

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

c

R,(t,)=vtX r=by

q —Rxv ¥ R=by-vt % R=\Vt+b*
B(r,)=>| ———=|1-—5 R

¢ v-R ¢ V=% t,=t——

R——— ’ -
¢
This should be equivalent to the result given in Jackson (11.152):
E(v.y.2.0) = E(0.5,0,0) = — 7372
(6 +(pey?)
7Bbz

B(x,y,2,1) = B(0,b,0,1) = g—— "~
(0" +?)
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