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1. Review from 486

¢ Canonical commutation relations:
(%, pl =ih (1)

So that p = —i h% for wavefunctions in the positions basis ¥ (x) = (x| ). Similarly Xy (x) = xy (x).

¢ Schrodiner equation:

0 .
ih—|y)y=H 2
ih— lwy = H|y) )
¢ Inner product for wavefunctions:
(| @)= f dxy (x)*p(x) 3)
¢ Energy eigenstates:
H|Eyp) = Ep|Ep) (Enl Em) =0 Ey # Ey (4)

* The average of an observable: (A) = (y/| A|y) and fluctuations 0% = (A%) — (A)2.
e Useful operator relation [A, BC] = [A, B]C + B[ A, C] where [A,B] = AB—BA
¢ Simple Harmonic oscillator:

2

1 . .
H:p—+—mw2x2:hw(N+l/2) N=a'a ®)
2m 2

for creation and annihilation operators satisfying:

1
a= (mwk+ip) la,a'l=1 (6)
2hmw
such that:
Niny=nln) aln)=vnin-1 a'lmy=vVn+1in+1) 7)

* Abstract angular momentum: J; where i = x, y, z satisfies:
Ui Jjl=iheijide  U%J1=0  JP=Je+T,+]; 8)
with eigenfunctions:
Jlimp)y =R j(i+D|jmy  J:|jm;)=hmj|jm;) €)

with possible values j =0,1/2,1,3/2...and mj = —j,—j+1,...].



Pauli matrices:

1 0 0 1 0 —i
=lo 5 el e[ ) a

2. Symmetries

Unitary transformation UTU = UUT = 1. Continuous symmetries given by a generator U(a) =
exp(—iGalh) where G is Hermitian.

Translations:
T(a) =exp(—ipalh) (x| T(a)|w) =w(x—a) T@'2T(@)=%+a (11)
Rotations: U(y, 72) = exp(—iyL- it/ k)

Symmetries: UTHU = H or [H,G] =

Time evolution (Schrodinger picture):
Ut) =exp(—=itH/R)  |ps(0))y=U(@)|w(0) (12)

Heisenberg picture:
HOEUONAOIUG (13)

3. Perturbation Theory (Time independent)

H=Hy+ AV (14)

) = v + A w)) + A%y (15)

En=EY+AEP + 22E@ + ... (16)

Non-degenerate case:

E(l) _ <w(0)| v |,W(0) (17)

|1//(1) ‘1//(0) (O) |1’”(0)> (18)

fn E(O) _ E,(10)
E(Z) _ <w(0)| v |w(l) (19)

Degenerate case: for fixed n work in the degeneate subspace spanned by 'w%) fori=1,... N, where

N, is the degenerate of the E = E 20) subspace. Find the matrix:

(0) > (20)

Wi =y
Then the eigenvalues 6 Ej. give the corrections Eill)k = 0 Ey and the “good” eigenststates are (O) ) =

Yilag)i w;;))i) where @ are the normalized eigenvectors of W with eigenvalue 6 E.



