
GLEICHUNGEN DER ELEKTRODYNAMIK
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~p =

∫
d3r′~r ′ρ(~r ′) Dipolmoment

Q =

∫
d3r′ρ(~r ′)(3~r ′ ⊗ ~r ′ − r′21) Quadrupolmoment

Φ(~r) =
1

4πε0

[
q

r
+
~p · ~r
r3

+
~r ·Q · ~r

2r5
+ . . .

]
Potential− Reihenentwicklung

Q(~r) =

∫
d3r′(3~r ′ ⊗ ~r ′ − r′21)ρ(~r ′) Quadrupoltensor

∆Φ = − ρ
ε0
. Poissonglg

∫
V

d3r(Φ∆Ψ−Ψ∆Φ) =

∮
S

da

(
Φ
∂Ψ

∂n
−Ψ

∂Φ

∂n

)
Greenscher Satz

∆
1

|~r − ~r ′|
= −4πδ(~r − ~r ′) Def Greensfkt

G(~r − ~r ′) =
1

|~r − ~r ′|
Greensfkt

e(~r) =
ε0
2
| ~E(~r)|2 el Energie

F (k) =
1√
2π

∫ ∞
−∞

dx f(x)eikx Fouriertrafo

f(x) =
1√
2π

∫ ∞
−∞

dk′ F (k′)e−ik
′x Fourierrück

Φ(r, θ) =
∞∑
l=0

[
Al r

l +Bl r
−(l+1)

]
Pl(cos θ) Legendreentwicklung
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~D = ε0 ~E + ~P Polarisation

div ~D = ρ Diel Verschiebung

~j = ρ~v Stromdichte

∇ ·~j = 0 Annahme Magnetostatik

~j = σ ~E Ohm

d ~B(~r) =
µ0

4π
d3r′

~j(~r ′)× (~r − ~r ′)
|~r − ~r ′|3

Biot− Savart

d~F (~r) = d3r~j(~r)× ~B(~r) Ampere Kraftgesetz

~F = −µ0

4π
II ′
∮ ∮

(d~l · d~l ′) ~r − ~r ′

|~r − ~r ′|3
Kraft zwischen curcuits

div ~B = 0 Quellfreiheit

∇× ~B(~r) = µ0
~j(~r) Ampere

∮
C

d~l · ~B = µ0

∫
S

d~a ·~j = µ0I. Ampere

~B = rot ~A Vektorpot
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~A(~r) =
µ0

4π

∫
d3r′

~j(~r ′)

|~r − ~r ′|
Pot der Magn.statik

∆ ~A = −µ0
~j Poisson Magn.statik

~m =
1

2

∫
d3r′ ~r ′ ×~j(~r ′) Mag Dipolmoment

~B(~r) =
µ0

4π

[
3r̂(r̂ · ~m)− ~m

r3

]
Mag Dipolfeld

~H =
1

µ0

~B − ~M Magnetisierung

∇× ~H = ~j, ∇ · ~B = 0 Magnetostatik

Φ =

∫
S

d~a · ~B mag Fluß

∮
C

d~l · ~E = − d

dt

∫
S

d~a · ~B Faraday

∇× ~E +
∂ ~B

∂t
= 0 Faraday

dW = −UIdt = IdΦ Arbeit mag Fluß

e =
B2

2µ
mag Energie

Φi =
n∑
j=1

LijIj Induktivität
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W =
1

2

∑
i

∑
j

LijIiIj Arbeit und Indukt

Lij =
µ0

4π

∮ ∮
d~ri · d~rj
|~ri − ~rj|

Induktivität

div ~D = ρ

rot ~E = 0

rot ~H = ~j

div ~B = 0 Magneto− Elektrostatik

div ~D = ρ

rot ~E +
∂ ~B

∂t
= 0

rot ~H = ~j

div ~B = 0 Mit Induktion

0 = div rot ~H = div~j = −∂ρ
∂t
6= 0. Fehler Ampere− Continuity

∂

∂t
(div ~D) + div~j = 0

div

(
~j +

∂ ~D

∂t

)
= 0 Verschiebestrom

div ~D = ρ

div ~B = 0

rot ~E = −∂
~B

∂t

rot ~H = ~j +
∂ ~D

∂t
Maxwellglgen
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∮
S

d~a · ~D =

∫
V

dV ρ∮
S

d~a · ~B = 0∮
C

d~l · ~E = − d

dt

∫
S

d~a · ~B∮
C

d~l · ~H =

∫
S

d~a · (~j + ~̇D) Maxwellglgen

~E = −∇Φ− ∂ ~A

∂t
elmag Potential

∇ · ~A ′ + 1

c2

∂Φ′

∂t
= 0 Lorenzeichung

�Φ = −ρ/ε0,
� ~A = −µ0

~j Maxwellglgen Lorenzeichung

~S =
1

µ0

~E × ~B Poyntingvektor

~p = ~S/c2 Impulsdichte Feld

T = ε0

[
~E ⊗ ~E + c2 ~B ⊗ ~B − 1

2
(E2 + c2B2) 1

]
Energieglg Feld

∆ ~E − 1

c2

∂2 ~E

∂t2
= 0 hom Wellenglg

~E = ~E0e
i(±~k·~r−ωt) ebene Welle

~F (θ, φ)
e±ikr

r
Kugelwelle
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~k · ~E0 = 0, ~k · ~B0 = 0 Ortho Welle

c ~B0 = ±k̂ × ~E0 Ortho Welle

G+(~r, t;~r ′, t′) =
δ
(
t− t′ − |~r−~r

′|
c

)
|~r − ~r ′|

retardierte Greensfkt

Φ(~r, t) =
1

4πε0

∫
d3r′

ρ(~r ′, t− |~r − ~r ′|/c)
|~r − ~r ′|

retardiertes Potential

~A(~r, t) =
µ0

4π

∫
d3r′

~j(~r ′, t− |~r − ~r ′|/c)
|~r − ~r ′|

retardiertes Vektorpot

Φ(~r, t) =
e

4πε0

∫
d3r′

δ(~r ′ − ~r0(t− |~r − ~r ′|/c))
|~r − ~r ′|

retardierte Pktldg

~s = ~r ′ − ~r0(t− |~r − ~r ′|/c) retardierte Int.variable

x′ =
x− ct (v/c)√

1− v2/c2
Lorenztrafo

ct′ =
ct− x (v/c)√

1− v2/c2
Lorenztrafo

l = l0

√
1− v2

c2
Längenkontraktion

t =
τ√

1− v2/c2
Zeitdilation

dτ = dt
√

1− v2/c2 Eigenzeit
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xµ = ηµνx
ν = (ct,−x,−y,−z) 4−Ort

uµ =
1√

1− ~u · ~u/c2

(
c
~u

)
4−Geschw

Aµ =

(
Φ/c
~A

)
4− Potential

jµ =

(
cρ
~j

)
4− Strom

∂ρ

∂t
+∇ ·~j = 0 → ∂µj

µ = 0 Kontinuitätsglg

∂µA
µ =

∂A0

c∂t
+∇ · ~A = 0 Lorenzeichung

A′µ =
∂xα

∂x′µ
Aα. Vektortrafo

T ′
µν

=
∂x′µ

∂xα
∂x′ν

∂xβ
Tαβ kontra Tensortrafo

T ′µν =
∂xα

∂x′µ
∂xβ

∂x′ν
Tαβ kov Tensortrafo

∂µ = ∇µ = ∂µ =
∂

∂xµ
=

(
∂

c∂t
,∇
)

4−Gradient

∂µ =
∂

∂xµ
= ηµν∂ν =

(
∂
c∂t

−∇

)

� ≡ ∂µ∂
µ =

∂2

c2∂t2
−∆ Wellenoperator
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F µν = ∂µAν − ∂νAµ Feldstärketensor

Ex/c = F 10

Ey/c = F 20

Ez/c = F 30

Bx = F 32

By = F 13

Bz = F 21 Feldstärketensor

∂µF
µν = µ0j

ν kov inhom Maxwellglg

∂κF µν + ∂µF νκ + ∂νF κµ = 0 kov hom Maxwellglg

∗Fαβ =
1

2
εαβγδFγδ dualer Feldstärketensor

∂µ ∗F µν = 0 kov hom Maxwellglg

δ

∫
d4xL = 0 4−Wirkung

∂µ
∂L

∂(∂µAν)
− ∂L
∂Aν

= 0 Lag II 4− Pot

L = −1

4
FµνF

µν kov Lagfkt EDyn Vakuum

L = −1

4
FµνF

µν − µ0Aµj
µ kov Lagfkt EDyn

L =
ε0
2
E2 − 1

2µ0

B2 − ρΦ +~j · ~A klass Lagfkt EDyn
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∂

∂t

∂L
∂Φ̇

+
3∑
i=1

∂

∂xi

∂L
∂(∂iΦ)

− ∂L
∂Φ

= 0 klass Lag II EDyn

∂

∂t

∂L
∂Ȧj

+
3∑
i=1

∂

∂xi

∂L
∂(∂iAj)

− ∂L
∂Aj

= 0 klass Lag II EDyn

H =
∂L

∂(∂αAβ)
∂αAβ − L kov Hamfkt der EDyn

T µν =
∂L

∂(∂µAβ)
∂νAβ − ηµνL Energie− Impuls− Tensor

10


