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Alkaline-like System
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Hydrogen-like Atoms
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Radial Functions for Hydrogen-like Systems
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Spherical Surface Functions
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Hamilton Operator for Multi-electron Sys-
tems
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〈LML|l1|LML〉 =

〈l1 ·L〉
L(L+ 1)

〈LML|L|LML〉

LS coupling

Terms:

{
L = |l1 − l2|, ..., l1 + l2

S = |s1 − s2|, ..., s1 + s2

Levels: J = |L− S|, ..., L+ S
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Zeeman Effect

EZE =


gJµBBMJ (fine structure)

gFµBBMF (weak field, hfs)

gJµBBMJ +AMIMJ (strong field, µBB > A)

Connection between magnetic moment and
momentum
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Hyper Fine Structure

H = −µI ·Be = AI · J

For S-electrons in Hydrogen-like Systems
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Boltzman Distribution
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Operators
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Dirac Notation

<H >=< ψ|H|ψ >=

∫
R
ψ∗Hψ dv

Commutators

[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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Schrödinger Equation

Hψ = Eψ (time independent)

Hψ = i~
∂

∂t
ψ (time dependent)
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Terms L and S(2S+1L)

Levels J

States (ZE-sublevels) MJ

Hyperfiniv̊aer F

1 ∆J = 0,±1 (J = 0 = J ′ = 0) level

2 ∆MJ = 0,±1 (MJ = 0 =Mj′ = 0 if ∆J = 0) state

3 break parity configuration

4 ∆l = ±1

5 ∆L = 0,±1 (L = 0 = L′ = 0) term

6 ∆S = 0 term

1, 2 are replaced for similar formulas for F and MF

if F is a good quantum number. 5, 6 only hold if L
and S are good quantum numbers.

Fine Structure - LS Hyper Fine Structure - IJ

interaction βL · S AI · J

moment J = L+ S F = I + J

eigen-states |LSJMJ〉 |IJFMF 〉

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

interval EJ − EJ−1 = βJ EF − EF−1 = AF

(if ES−O � Ere) (if A� ∆Equadrupole)
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