
Atomfysik

Atomfysik

DeBrogliev̊aglängden

λ =
h

p
=

h

mv

Rydberg

ν̃ =
1

λ
= R

(
1

n2
− 1

m2

)
Z2

En = −hcRZ
2

n2

hcR∞ =
me(e

2/4πε0)2

2~2
= 13.606 eV

R = R∞ ·
MN

me +MN

Alkalilika system

n∗ = n− δl

E = −hcR∞
Z2

0

n∗2

∆EFS = − Z2
i Z

2
0

n∗3l(l + 1)
α2hcR∞

Vätelika atomer

V (r) = − Ze2

4πε0r
= −Ze

2
0

r

a0 =
~24πε0
mee2

I bohrs atommodell: rn = a0n
2/Z

Radialfunktioner för vätelika system

R1,0 =

(
Z

a0

)3/2

2e−Zr/a0

R2,0 =

(
Z

2a0

)3/2

2

(
1− Zr

2a0

)
e−Zr/2a0

R2,0 =

(
Z

2a0

)3/2
2√
3

Zr

2a0
e−Zr/2a0

Klotytefunktioner

l m Υm
l (θ, ϕ)

0 0 Υ0
0 = 1√

4π

1 0 Υ0
1 =

√
3

4π cos θ

1 ±1 Υ±1
1 = ±

√
3

8π sin θe±iϕ

2 0 Υ0
2 =

√
5

16π

(
3 cos2 θ − 1

)
2 ±1 Υ±1

2 = ±
√

15
8π sin θ cos θe±iϕ

2 ±2 Υ±2
2 =

√
15

32π sin2 θe±2iϕ

Hamiltonoperator för flerelektronsystem

H =

N∑
i=1

− ~2

2m
∇2
i −

Ze2/4πε0
ri

+

N∑
j>i

e2/4πε0
rij


〈LML|l1|LML〉 =

〈l1 ·L〉
L(L+ 1)

〈LML|L|LML〉

LS-koppling

Termer:

{
L = |l1 − l2|, ..., l1 + l2

S = |s1 − s2|, ..., s1 + s2

Niv̊aer: J = |L− S|, ..., L+ S
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Zeemaneffekt

EZE =


gJµBBMJ (end. finstrktur)

gFµBBMF (svagt fält, hfs)

gJµBBMJ +AMIMJ (starkt fält, µBB > A)

Koppling mellan magnetiskt moment och
rörelsemängdsmoment

gS = 2

gJ =
3

2
+
S(S + 1)− L(L+ 1)

2J(J + 1)

gF = gJ
F (F + 1) + J(J + 1)− I(I + 1)

2F (F + 1)

µI = gIµNI

Dopplerbredd

∆ωD
ω0

= 2
√

ln 2
u

c
≈ 1.7

u

c

Mest sannolik hastighet

u = 2230

√
T

300M
m/s

Dopplerskift

δ = kv =
ωv

c

Naturlig bredd

∆ωN = Γ = A21 = 1
1

τ

∆fN =
∆ωN
2π

¡ Missing Translation ¿

H = −µI ·Be = AI · J

För s-elektroner i vätelika system gäller

A =
2

3
µ0gSµBgIµN

Z3

πa3
0n

3

Boltzmanfördelningen

N2

N1
=
g2

g1
e−∆E/(kT )

Integraler ∫ ∞
0

xne−αx dx =
n!

αn+1∫
0

∞x2n+1e−αx
2

dx =
n!

2αn+1∫ ∞
0

e−αx
2

dx =
1

2

√
π

α∫ ∞
0

x2ne−αx
2

dx =
(2n− 1)!!

2(2α)n

√
π

α

Operatorer

p = −i~∇

L = −i~r ×∇

H = − ~2

2m
∇2 + V (standard)

∇2 =
1

r

∂2

∂r2
r +

1

r2

(
∂2

∂θ2
+

1

tan θ

∂

∂θ
+

1

sin2 θ

∂2

∂ϕ2

)
Dirac notation

<H >=< ψ|H|ψ >=

∫
R
ψ∗Hψ dv

Kommutatorer

[A,B] = AB −BA
[A,B] = −[B,A]

[A,B + C] = [A,B] + [A,C]

[AB,C] = A[B,C] + [A,C]B
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Shrödingerekvationen

Hψ = Eψ (tidsoberoende)

Hψ = i~
∂

∂t
ψ (tidsberoende)

Konfiguration
∏
nil

ωi
i

Termer L och S(2S+1L)

Niv̊aer J

Tillst̊and(ZE-subniv̊aer) MJ

¡ Missing Translation ¿ F

1 ∆J = 0,±1 (J = 0 = J ′ = 0) niv̊a

2 ∆MJ = 0,±1 (MJ = 0 =Mj′ = 0 om ∆J = 0) tillst̊and

3 bryt paritet configuration

4 ∆l = ±1

5 ∆L = 0,±1 (L = 0 = L′ = 0) term

6 ∆S = 0 term

1, 2 ersätts med liknande formler för F och MF om
F är ett gott kvanttal. 5, 6 gäller bara om L och S
är goda kvanttal.

finstruktur - LS hyperfinstruktur - IJ

växelverkan βL · S AI · J

moment J = L+ S F = I + J

egentillst̊and |LSJMJ〉 |IJFMF 〉

energi β/2(J(J + 1)− L(L+ 1)− S(S + 1)) A/2(F (F + 1)− I(I + 1)− J(J + 1))

intervall EJ − EJ−1 = βJ EF − EF−1 = AF

(om ES−O � Ere) (om A� ∆Ekvadrupol)
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