Useful Formulas

Quantum Mechanics Fundamentals
e Canonical Commutation Relations: [Z,p] = ik
e Position-basis representations: & f(z) = xf(z), pf(z)= —ih%
e Schrodinger Equation: ih% [0y = H |)

e FEuler’s formula: ' = cosz +isinz

Perturbation Theory
Time-independent perturbation theory
H=Hy+ \H'
) = [0 ) + AP + ...,
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Non-degenerate case

. . 2
(1) )| A (0) (1) (0) <1/}7(79)‘ m ¢$LO)> (2) ’<1/)7(7?)‘ m 1/}7(10)>‘
— / —_ = —
B = (O u) ) == S ) e B =Y R
Degenerate case
Let ¢$)> ,i =1,2,...d be the eigenstates of Ho that span the degenerate subspace. Find ‘¢fl(})’g°°d> ,j=
1,2,...d, the eigenvectors of H' restricted to the degenerate subspace. Then ET(LE) = <7,/17(1(})’g00d H 1/17(12)’g00d>.

Heisenberg and Schrodinger Pictures
e For time-independent Hamiltonians, U (t) = e—iHt/h
e Schrédinger picture: [4(t)) = U(t) [4(0))

e Heisenberg picture: Oy (t) = UT(£)Ox (0)U(t)

>

e Heisenberg equations of motion: % =% [H, OH(t)}

Simple Harmonic Oscillator

S SN SR SC At
H—2——|—§m - =hw(a'a+ <),
. 1 (mwi + ip)
a= mwi + ip) ,
2hmw P
al = ! (mwi — ip)
V2hmw b
(ah"
n) = 0),
n) \/HH
aln) =+nin—1),



Pauli Matrices

Variational Principle

Let Ey be the ground state energy of H. Then

Ru(|¢)) =

for ANY [¢).

Time-dependent Hamiltonians
H = Hy + H'(t) with E,, [¢,) energies and eigenstates of Hy:
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Hyo () = (n] H' (1) [¥m)
hwnm = Ln — Em

o If [o(t =0)) = [¢n), then Py (t) = | (m|tp(t)) [ = |em ()]

Angular Momentum

e Commutation relations: [J;, J;] = ih ), €;xJi, where i, j, k are all one of z,y, 2

e Eigenstates: [jm), J?|jm) = R%j(j + 1) |im),J. |jm) = hm|jm). j is integer or half-integer and
me{—j,—j+1,....,5—1,5}.

e Adding two angular momenta J= fl + Jo:
JE=J2 4 J2 420 T
o] = 1) 5] - 22.7] o

Complete set of commuting observables for total angular momentum: JZ,.J3,J?,J,. Clebsch-Gordan
coeflicients give
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