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Maxwell egyenletek

divD = ρ D = ε0E + P

ρ = 0 divE =
ρ0

ε0
= −

1

ε0
divP

divB = 0;

rotE = −Ḃ

rotH = j + Ḋ H =
B

µ0
−M

j = 0 rotB − ε0µ0Ė = µ0

(
rotM + Ṗ

)
= µ0j0
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Potenciálok

Bevezetve
B = rotA E = −gradφ− Ȧ

Lorentz mérték

divA + ε0µ0φ̇ = 0

4A− ε0µ0Ä = −µ0j0
= −µ0

(
rotM + Ṗ

)
4φ− ε0µ0φ̈ = −

ρ0

ε0
=

1

ε0
divP

Hertz vektorok
A = µ0(Π̇e + rotΠm)

φ = −
1

ε0
divΠe

Feltesszük M = 0 −→ Πm = 0
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Hertz vektor

4Πe −
1

c2
Π̈e = −P(E)

E =
1

ε0
grad divΠe − µ0Π̈e
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Röntgen elektron kölcs.

Az elektron mozgásegyenlete

mr̈ = −ω2
0mr − λṙ − eE0e

iωt

r =
−eE0

m(ω2
0 − ω2) + iλω

e iωt

p = −er =
e2E0

m(ω2
0 − ω2) + iλω

e iωt

PdV ==
ρ(r)e2

m(ω2
0 − ω2) + iλω

EdV

χ =
ρ(r)

ε0

e2

m(ω2
0 − ω2) + iλω

röntgenre ω0 << ω, λ kicsi
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Szórása egyenlete

χ =
ρ(r)

ε0

e2

mω2
= ρ(r)

e2

4π2c2ε0
λ2
e

A Szórás egyenlete

4Πe −
1

c2
Π̈e = −βρ(r)

[
1

ε0
grad divΠe − µ0Π̈e

]
Periodikus megoldás Π(t) = Παe

iωt

4Πe + k2Πe = −βρ(r)

[
1

ε0
grad divΠe + µ0ω

2Πe

]
Perturbáció száḿıtás ρ szerinti sor

Πe = Π0 +Π1 + ...

4Π0 + k2Π0 = 0 −→ Π0 = A0e
ikr
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Kinematikus szórása

4Π1 + k2Π1 = −βρ(r)

[
1

ε0
grad divΠ0 + µ0ω

2Π0

]
Inhomogén Helmholtz egyenlet

4Π1 + k2Π1 = −ρ(r)Z(k)e ikr

Green függvény

4G + k2G = δ(r)

1

r

∂2

∂r2
(rG) + k2G = δ(r)

Gömbhullám

G =
e i|k||r|

4πr
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Kinematikus szórása

4ψ + k2ψ = −ρ(r)ψ0(k)e ikr

Megoldás (Huygens-Fresnel-elv)

ψ(r) = −
∫
ρ(r ′)e ikr

′
ψ0

e i|k||r−r′|

4π|r − r ′|
dV ′

ha (Fraunhoffer elrendezés)

r >> r ′ |r − r ′| ≈ |r | −
r

|r |
r ′ = |r | − nr ′

ekkor bevezetve ko = n|k i |

ψ(r) = −
∫
ρ(r ′)e i(k i−ko )r′dV ′ψ0

e i|k||r|

4πr

Szórási amplitúdó (κ = k i − ko)

A(κ) = −
∫
ρ(r)e iκrdV
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Szórt intenzitás

Poynting vektor
S = E × H

elektromágneses hullámba |H| ∝ |E |

I = |S | ∝ |E |2 ∝ A(κ)A∗(κ)

I (κ) ∝ |A(κ)|2
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