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Angular momentum in polar coordinates
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Quantum mechanics
Fermi golden rule Wis = 22 |[(2|H'|1)|* §(w — wa1)

Density matrix formalism
Density matrix p = 3__ py [¢) (¢l

Expectation value observable
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Harmonic oscillator
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Second order corrections perturbation
theory
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Structure of Matter CheatSheet

Dipole transitions
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Angular momentum operators
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Statistical mechanics
Partition function Z =Y . g(E)e #¥

g(E) = degeneracy of the state
Free energy A= —NKgTlhZ=U-TS
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Velocity distribution
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In one dimension:
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Hydrogen-like atom energies
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Hydrogen-like atom eigenfunctions
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Expectation values
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Selection rules

Electric dipole neglecting spin Al =
Am =0,+1

+1 and

Electric dipole with spin-orbit Aj = 0,41 but
j =0+ j =0 not allowed, Am = 0, £1 but
m = 0+ m = 0 not allowed if Aj =0

Magnetic dipole Al =0e Am =0,+1

Electric quadrupole Al =0,4+2 e Am =0,+1,+2
but [ =0 < [ = 0 not allowed



Magnetic field
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Landé factor g =1+

Magnetization M = H

Magnetic susceptivities
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Curie x¢ = =C/T

Diamagnetic xg;a = 1
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Magnetic nuclear moment uy = vl

Quadrupole Hamiltonian
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Ground state energy biatomic molecule
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for Hy molecule, with x = R/aq
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Born-Meyer potential V(R) = —% + Be™ ¥
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Rotational states
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Fundamental rotational constant B =
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Rotational state energies Ejy, = Bhck(k + 1)
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Statistical population
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Vibrazional polarizability oy, = :— , electric pol.
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Radial equation fﬂd—}; + <E(R) + (2/:ng,)1> u= FEu
Franck-Condon factor Sgc(vy,vs) = / Prrph dr

Secular equation for ciclobutadiene with
LCAO method
Ey—E B 0 g
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Solids

2E -1
Effective mass m* (k) = K2 ((?%2)

Energy weakly bound electron

State density D(k) = @)
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Energy density in n dimensions
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Delta change of variable
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Fermi P P=—-——=-==-nk
ermi Pressure v — 3y — gnEF
Thermal Wavelength A= \/TW
Magnetization M = N (mp), = fNaiH InZ
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Energy in conduction band E.(k) = E.o + >
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Electron contribution to Cy (low T')
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Energy to take a Fermi gas at temperature T’

U(r) = /E (B Ep)f(E.T)D(E)dE
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f(E,T) =statistic population function

Pauli magnetic susceptibility
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Strongly bound electron E(k) = E, + Vo + Z oikhy,
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Resistivity p = —5
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