+ 2 ™ 2 +oo 2 —d +oo 2 TL'
—ax’—Bx o n Bt /4 2 —ax . —azx n _—ax . _ -
L e de =,/ 5 ¢ /700:17 e dx = o 7006 dx /0 A o /f(:z)5(3: a)dz = f(a)

2 2
Ho—ihdy  Ho—Ep  HeL2_ 4vV@)=—1" R24v@) p=—itdy [pa] = —ib
2m 2m

Notation: Hu,, = Ej, up, u,(x) orthonormal, and w, = E,/h: ¥(z,t =0) = chun(:v = U(x,t) Z Cppe”tnt

where (Fourier’s Trick): ¢, = (u,|¥) Notation: (f|Q|g) = /+oo f(x) Qg(z) de = /+oo (QTf(;v))* g(x) dz = (QTf|g)
O V¥ (x, t)(x,t) = =0, J where current J = % (V" Opt) — 9 O 0p™) = % U~ :9_; 0

G HAIY) = WIOAW) + (HIH, Al/lY) A, B]= AB — BA

o405 = AAAB > L |(Wil4, Bllw)|  [AB,C] = A[B,C] + [4,C]B

1 - 1 .
Free Particle: ¢,(z) = e/t or gy (z) = e where p=hk

V2T
1 +oo " 1 +oo "
= —— e (k) dk k)= — —k f(x)d
f@)= o= [ eMgmdk gt = o= [ e @
Particle-in-a-box with V'

xz) =0for 0 < x < L, but V(z) = oo elsewhere

/\\/w
5
>t

~ (hk)? ]2 _nm B
E,= o Yn(x) = 7 sin(kz) where k= 7 n=1,2,3...
(hk)? e
3-d: [ngnyn.) = ¥n, (€)Y, (Y)Pn, (2) E = 5 where k = (ngm/Ly,nym/Ly,n,w/L,)
m
spherical box: R(r) = ji(kr) E= 5 where: kR = zero of j,
m

1
Harmonic Oscillator with V(z) = 3 mw?a? E, =hw(n+ %) n=20,1,2...

[n)y =t (z) = Ny Hp(§) e 28 where &= ,/% z and H, is an n'" degree polynomial

a_ = %(m—l—i%):%({—kaﬁ) ay =al = %(m—i%):%({—&@ x_\/z(mr—l-a)
[a_,ay] =1 [H,a+] = +hway  H=hw (3 +aya_) a_|n)=+vn|n—-1) ay|n) =vVn+1|n+1)

2-d: (ny +ny+1)=(2n, +|m|+1) 3d: (no+ny+n.+3)=2n +0+32)

Angular Momentum: L = T x p [Li, V;] = ihei;i Vi, where vector V=7,p,L [bm) = Yo (0,0) —€<m < +L
L2 |[tm) = (0 + 1) B2 [¢m) L. |fm) =mhlém)  Li|tm)= Il +1)—m(m=E1)h|fm=+1)

Li=1L,+il, |[Le,L_]=2KL. [L.,Ly]=+hly [L2Li=0 [L,V-W]=0

|§%>—x+—T—((1)> |%_%>_X_¢_<—?)

Clebsch-Gordan: |jm) = Z C(jm; bmy, smy) |[€myg) |smg) know how to use table!

Spin %: S =

| S

Radial Equation: (r,0,¢) = Y, (0, ) R(r) R(r) =

r
h? 2 R0+ 1) —h? R0+ 1)
32 -0 ——+V R=FR — P+ ———— 4V =F
[ 2m ( r ) + 2mr? + (T)} [ 2m " + 2mr? + (T)] " "
2 2 2 2,2 2
D Ze 1 5 (Za) 1 ZZe Z
H atom: H=-LX_ _ Ep=—-m2 22— 2 2% o 136ev 2 -1,2,3,...
atom 2m  A4megr 9 M T2 2 4megagn? ¢ n? "
4regh? e? 1 8m|E| _ 22r
= ~ .53 A = A — =n,+0+1 .. 0<0<n-1 = —
@0 me2 @ dmeghc 137 n=nrtit =t=n p= h? " nag
2 —(—1
[ném) = Rpe(p) Yem(0,6) where R,y = Ny p* L2é+1( )e_%p Nype = — (n(n ) )
2-particle CM Coordinates:
= mi ma T, = ﬁ m2 — M =
R = 271 +27F T T mi1 + mo
MM P M i p _ P P
. . _ . _ mamy om1 | 2ms  2M | 2u
r = T1— Ty rrn = R——T P=3

M
Magnetic: P — p — gA where ¢ is charge, e.g., for electron: ¢ = —e¢ B=VxA e.g., uniform B from A =



Approximation Methods:
WKB: /k(:v) dz = (n— )7 (two linear turning points) hk(z) = p(x) = /2m(E - V(z))

. . (V[ H|)
Rayleigh-Ritz: minimize F = -—F——-+-
(V1)
: 1 / |k|H'|n |2 . : R
Perturbation Theory: E, = (n|H'|n) Z degenerate: diagonalize matrix (i|H'|j)

ot
Time Dependent:  ¢y(t) ~ —~ / Hj, (1) ' Fv=Ba)t' /h gy!

[Vap|? sin? ((wo — w)t/2)
h? (wo — w)?

Selection Rules: Am =410 Al=

El: AJ=0,£1(0A40), AM=0,£1(0A0, if AJ=0), AS=0, AL=0,+1(0+ 0)

Spectroscopic Notation: orbital: s;p,d,f,g  term: 29411, atomic: 1s,2s,2p,3s,3p,4s,3d  nuclear: 1s,1p,1d,2s,1f,2p,1g

mp(wo)
3h2

if H = V(r)coswt then: P,y = E1 Unpolarized Light: R,—, =

(] Fltba)

Spin-statistics: fermion: s = %, %, .. boson: s=0,1,2,...

flz1) f(z2) f
g(w1)  g(x2) 2(553)

’U,(;[:l) = (N!)_1/2 h(,Tl) h(,Tg) (,Tg)
. do  hits/sec in detector  hits/sec in detector b |db 9 i ethr
Scatt P — = = = here: ¢ & e"™* 0
CALTErng: U9 JdQ nt beam current d)  sinf ‘d@‘ ] where: § &~ ¢ + £(6) r
1 ide AT & . 2 -m i Tot1/ =\ 3 - 7
=z Z (20 + 1)e™* sin(d¢) Pe(cos §) 0=13 (2¢ + 1) sin“(d¢) fBorn = 5 | € V(7o) d’r qd=k —ky
=0 £=0

fBorn = fRunF(q) where Form Factor: F(q) = /eia'?p(r) d®r using normalized charge density: p> 1= /p(r) dr

-1 1
Fk)~1- 6k2<T2> scattering length a: dp =~ nm — ak effective range r.: cotdp ~ T + 3 rek



