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Aufgabe 1:

a)
A′µ = Λµ

νA
ν

A′µ(x′) = Λµ
νAν(x(x′))

System (II):

Aµ
II =

(

q

rII
,~0

)

, r2
II = x2

II + y2
II + z2

II

Λ(I → II) =









γ −βγ 0 0
−βγ γ 0 0

0 0 1 0
0 0 0 1









⇒ (xµ
II) = γ









ctI − βxI

xI − βctI
yI / γ
zI / γ









Aµ
I (xI) = Λµ

ν(II → I)Aν
II(xII(xI)) = γ

q

rII









1
β
0
0









=













γ q√
γ2(xI−βctI)2+y2

I
+z2

I

γβ q√
γ2(xI−βctI)2+y2

I
+z2

I

0
0













BI = rotI ~AI = ~∇I × ~AI , ~AI =
γq

rII(xI)





β
0
0





BI = γq





∂x

∂y

∂z



 × 1

r





β
0
0



 = γq





0
∂zβ

1
r

−∂yβ
1
r



 =
γqβ

r3
II(xI)





0
−zI

yI





~EI = −~∇IΦI−
1

c
~̇AI = −





∂x

∂y

∂z



 Φ− 1

c

d

dt
~AI =

γq

r3
II





γ2(xI − βctI)
y
z



− 1

c

βγq

r3





γ2(xI − βctI)(−βc)
0
0





=
γq

r3





γ2(x + βct − β2(x + βct))
y
z



 =
γq

r3





x − βct
y
z



 ⇐ γ2(1 − β2) = 1

In Punkt P = (0, b, 0)

E1 = E ′
1 = − qγvt

(b2 + γ2v2t2)3/2

E2 = γE ′
2 =

γqb

(b2 + γ2v2t2)3/2

B3 = γβE ′
2 = βE2

Beobachtungen:
B3 = βE2 , β → 1 ⇒ B3 = E2

E2(t = 0) =
γq

b2
= γE0 , |E2| ∼ γ

1

b2 + γ2v2t2
∼ 1

1 +
(γvt

b

)2 ,
1

t0
=

γv

b
⇒ t0 =

b

γv

t0 ist die charakteristische Zeit, d. h. der Zeitraum, in dem der Term von 0 wesentlich verschieden
ist.
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b)
FµνFµν ∝ |E|2 − |B|2

B = 0 ⇒ FµνFµν ≥ 0 ⇒ |E| ≥ |B|
c) Simpel!

d) s.o.

Aufgabe 2:

a)

Λ(I → II) =









γ −γβ 0 0
−γβ γ 0 0

0 0 1 0
0 0 0 1









RII
A,n = ΛRI

A,n

∆EII
A = RII

A,n − RII
A,n−1 = Λ(RI

A,n − RI
A,n−1) = Λ









c(tn − tn−1)
nd − (n − 1)d

0
0









= γ









c(tn − tn−1) − βd
d − βc(tn − tn−1)

0
0









=:









0
dII

A

0
0









mit c(tn − tn−1) = βd

dII
A = γ(d = βc(tn − tn−1) = γg(1 − β2) =

d

γ
< d

RII
e,n = ΛRI

e,n =









ctn
γ − βγnd

γnd
0
0









⇒ ∆RII
e = RII

e,n − RII
e,n =









c
γ (tn − tn−1) − βγd

γd
0
0









!
=









0
dII

e

0
0









⇒ dII
e = γd > d ⇒ dII

e > dII
A

b)
dII = γd

BII = 0 ∨ ~EII = −
∑

n

e
(

(xII − nγd)2 + yII2 + zII2
)3/2





xII − nγd
yII

zII





EI
‖ = EI

x = EII
‖

BI
‖ = BI

x = BII
‖ = 0

EI
⊥ = γEII

⊥

BI
⊥ = ~βγ × EII

⊥ = γβ





0
−EII

z

EII
y





Koordinatentrafo:
xII = γ(xI − βctI) , yI = yII , zI = zII
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rI
n =

[

γ2(xI − βctI − nd)2 + yI2
+ zI2

]1/2

~EI = −
∑

n

eγ

r3
n





xI − βctI − nd
yI

zI





~BI = −
∑

n

eβγ

r3
n





0
−zI

yI






