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Quantum mechanics
Fermi golden rule W12 = 2π

~2 |〈2|H ′|1〉|2 δ(ω − ω21)

Density matrix formalism
Density matrix ρ =

∑
ϕ pϕ |ϕ〉 〈ϕ|

Expectation value observable
〈A〉 = Tr(ρA) =
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Harmonic oscillator
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Second order corrections perturbation
theory
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Dipole transitions
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Angular momentum operators
L± = Lx ± iLy
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Statistical mechanics
Partition function Z =

∑
E g(E)e−βE

g(E) = degeneracy of the state

Free energy A = −NKBT lnZ = U − TS
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Velocity distribution
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Atom

Bohr radius a0 =
~2

me2
= 0.529(for hydrogen-like a0/Z)

Rydberg constant R = − e2

2a0hc
= 109.678 cm−1
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= 0.927× 10−20 erg/G
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Hydrogen-like atom energies
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Hydrogen-like atom eigenfunctions
n l m eigenfunctions
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Selection rules
Electric dipole neglecting spin ∆l = ±1 and
∆m = 0,±1

Electric dipole with spin-orbit ∆j = 0,±1 but
j = 0 ↔ j = 0 not allowed, ∆m = 0,±1 but
m = 0 ↔ m = 0 not allowed if ∆j = 0

Magnetic dipole ∆l = 0 e ∆m = 0,±1

Electric quadrupole ∆l = 0,±2 e ∆m = 0,±1,±2
but l = 0 ↔ l = 0 not allowed



Magnetic field

Landé factor g = 1 +
J(J + 1) + S(S + 1)− L(L+ 1)

2J(J + 1)
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Magnetic susceptivities
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= C/T
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Molecule
Ground state energy biatomic molecule
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H11 +H12

1 + S12

for H+
2 molecule, with x = R/a0

S12(x) = e−x

(
1 + x+

x2

3

)
H11 =

e2

a0
e−2x

(
1 +

1

x

)
− e2

2a0

H12(x) =
e2

a0
e−x

(
1

x
− 1

2
− 7x

6
− x2

6

)

Zero point energy frequency ν =
1

2π

√
kel

µ

kel =
∂2E

∂R2

∣∣∣
Req

Eatoms
dissociation = |V (Req)| − Eionization + Eaff
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Rotational states

Fundamental rotational constant B =
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Statistical population
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Secular equation for ciclobutadiene with
LCAO method
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Solids
Effective mass m∗(k) = ~2

(
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)−1

Energy weakly bound electron
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Energy density in n dimensions
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Electron contribution to CV (low T )
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Energy to take a Fermi gas at temperature T

U(T ) =

∫ ∞
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(E − EF )f(E, T )D(E) dE

−
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0

(E − EF )(1− f(E, T ))D(E) dE ,

f(E, T ) =statistic population function

Pauli magnetic susceptibility
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if E − EF � KBT =⇒ f ∼ e−(E−EF )/KBT

Strongly bound electron E(k) = Ea + V0 +
∑
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R
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