Statistics & Probability
Discrete: (f) =32, f(7)P(5), 22; P(4) = 1.

Continuous: (f(z)) = [ f(z)p(z)dz, [ p(z)dz =
Pla<z<b)= fub p(x)dx.

2—<(x7 2>—<12>7(x)2,02\/0’72.
p=1%1% ¢ —fw Ay da.

Operators & Commutators
=z, p=—ih0, H /2m+V
[A,B] = AB — BA.
oaop > 31({[A, B]) |

Ehrenfest: £ (A) = L ([H, A]) + (8. A).
Schrédinger Equations

TDSE: ih 9y = [ — 2292 + V]

TISE: [— 22V 4 V}w Ev.

Stationary: (r,t) = (r)e YR |]? time-
independent.

Free Particle & Fourier )

V =0: ¢ = (Ae'*® 4 Be™F®)e ™9t k= +/2mE/h.
E = hw = h?k?/2m, p = hk.

d(k) = —= [ W (z, 00 **dz.

Pz, 1) = A= [ k)l *TmDdk.

Plancherel: [ |¢)?dz = [ |¢|*dk.
Reflection/Transmission: R = |r|?, T = |t|? with
R+ T =1 (flux).

Bound vs. Scattering
Bound: E < V(£o00), ¢ —0 as |z| — co.
Scattering: E > V(£o00), plane-wave asymptotics.

Infinite Square Well
V—Ofor0<a:<a7V—ooelse.
n =4/ 2sin 212 B, = 7"2:“122 .
P(z,t) —E ann(x)e IEnt/h

en = 5 ¥ ()0 (x, 0)de = (nl(0)).

Quantum Harmonic Oscillator
V= 2mw2:1:2, w= W

e+ mp, la, aT] =1.
H = hw (aTa+%), E, :hw(n—i— %)
at[n) = VAT T|n+1), VRl - 1).
s (ata), p=iy/55 (af

o = (m)l/‘l —mwa?/2n

Un = (22)" Hu (@™ /2, € = /B

a =

aln) =

—a).

\/2nn! 5
Ha(€) = (—1)"e” e

Linear Algebra (Dirac)

At = (A*)T. Hermitian: A = A" (real eigenvalues).
Unitary: UTU = I. Orthogonal: OT0O = I.
Orthonormal basis: >, |n) (n| = I, (m|n) = dmn.
[¥) =32, cn In), cn = (n]4h).

Angular Momentum
[Li, L;] = ihie;jp Ly, [L?, L;] = 0.
L2 um> = h2l(l +1) [lm), L. |lm) = hm |lm).
L, £ iL, Ly |lm) =

h\/l(l+ ) —m(m=+1) \lm:i:l

3D Central Potentials

P(r) = Ru(mY™0,¢), n = 1,2,..., I =
0,...,n—1.

sz%ai(rzav) h22

L% = =12 [ k500 (sin 0.09) + b 03]

n= (=)™ /2l+1 Ei;z;: P7n(cose)e|7n¢.

m
P (z) =1 - 2)"1/2c{jzmeL($)7
1 2 !
Pl(x) B dzl( -1
Hydrogen Atom
o 2 _ 4megh?

V(T‘) - _JW’ a0 = T T -

B o= me? 1 _ _13.6 eV
" 2(4meg)2h2 n? n2
_ 2

p= narg’

/2ot [2IH1

n—Il—1

3/2 [m—i—1)
Rny = (nio) \ 2n[(ntD1 €

1(p)-
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Spin-1/2
S? |sm> = hzs(s + 1) |sm), S. |sm) = hm |sm).
s_z,m_:tf St = Sg £i5y.
S; = Loy,

701 (0 —i /1 0
=@ o= 0o )

[+2) =

) ()

Perturbation Theory
H = Ho+XH', |n) = [n%) + A |n') +
E, =E) +XE} + \°E2 + -+
By = (0 H' |n%),

mO|H|n0
1) = S Tl )
\<m0 H'|n
Er =Y mrn w
Degenerate: diagonalize H’ within degenerate sub-
space.

s ’

TDPT: ¢\ (t) = & [{(FI H'(t') i) e“Fi" at,

wpi = (Ey = Ei)/h, wisyp = FE[(fI H' |i) |*p(Ey).




WKB Approximation

p(z) = /2m[E = V{@)].

Allowed region: 1) &~ \/% cos( [p(z')da’ — T).

Quantization (two soft turning points):
x — 1

fmf p(z)dz = (n + 5) Th.

Two hard walls: f;lz p(z)dx = nrh.

One hard wall 4 one soft turning point:
;12 p(z)dz = (n+ 2) wh.

Gram—Schmidt

lex) = |a1) /Il a1) |-

|uz) = |az) — (e1]az) |e1), |e2) = |u2) /|| |u2) |-
lus) = laz) — (e1]as) |e1) — (e2]as) |e2),

lea) = [us) /Il lus) |-

Taylor Series
fla+h) =y, L@ n,

n=0 n!

sin? 6 = 3 (1 — cos26), cos? 6 = 3 (1 4+ cos26).

Gaussian Integrals

o2
[ e ™ dx = \/Z.
— o o

2 2
oo 2n —x?/a (2n)!  2nt1
Joo =" dz = /7 5T FT @ .




