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Hy = ihdp) Hy = Evy H—2m+V(:v)— 5 d; +V(x) p = —ihd, [p, 2] = —ih
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O V¥ (x, t)(x,t) = =0, J where current J = % (V* Opt) — 9 O 0p™) = % V¥ Oy probability density= ¥ *
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Particle-in-a-box with V(x) =0 for 0 < z < L, but V(z) = oo elsewhere
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hk)? /2
E, = % un(x) = I sin(kz) where k= % n=123...
(hk)* T
3-d: [ngnyn.) = tn, (2)un, (Y)un. (2) E = 5 where k = (ngm/Ly,nym/Ly,n.m/L,)
m
. . (hk)? : .
spherical: R(r) = jo(kr) E = 5 in box: kR = zero of j,
m
1

Harmonic Oscillator with V(z) = = mw?z? E,=hw(n+3%) n=0,1,2...

[\

[n) = un(x) = NpH,(€) e 2 where &= ,/% x and H, is an n'" degree polynomial

a_:\/%(x—i—i%):%@—i—ag) a+=a_:\/%(x—i%)=%(§—85) xzy/%(a.k—i-a_)

[a_,ay] =1 [H,a+] = +hway  H=hw (5 +aya_) a_|n)y=+vn|n-1 ay|n) =vn+1|n+1)

2-d: (ny +ny+1)=(2n, +|m|+1) 3d: (ng+ny+n.+3)=2n.+0+3)

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) = 00+ 1) R?|ém) L. |[tm) =mhltm)  Lyiltm)=El+1)—m(m=E1)h|fm=£1)

Li=L,+iL, [Ly,L_]=2hL. [L.,Li]=+hLy [L* Li]=0 [L;,V-W]=0

. = h_ 1 0
spin b S=37  BhH-v-t=(g) E-b-v-=(1)

Clebsch-Gordan: |jm) = Z C(jm; bmyg, smg) |[€mye) |sms) know how to use table!
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Radial Equation: ¢(r,0,8) = Y (0, 6)R(r)  R(r) = u(r)
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H atom: _r E,=——m2 2% _ 22 136eV —1,2,3,...
atom 2m  A4megr 2 M T2 2 4megagn? Vo2 "
4regh? e? 1 8m|F]| 2Zr
= ~ .53 A = ~— =n,+0+1 - 0<l<n-—1 =/ _ 27
@0 me2 @ dmeghc 137 m=netet =r=n p 2 nag
1 2 (n —{— 1)'

_ _ ¢ 1 20+1 —5p _Z
[ntm) = Rye(p) Yo (0,¢) where Ryp= Npep® Ly, " (p) e 2 Npe rERR  pry

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
2-particle CM Coordinates:

= mi —. Mg _ T o= Ram2s M =
R = —T1+—=T7 ry + r my + mo
M o'TM P M pio,opm PP
— . . . = mi _, o= mims 2mq 2mo 2M 2/L
r = T1— Ty rr = R-— U r M
- = . = =% . = <~ 1= _
Magnetic: p - p —¢A where ¢ is charge, e.g., for electron: ¢ = —e B=VxA e.g., uniform B from A = 3 BxrT
Spin-statistics: fermion: s = %, %, ... boson: s=0,1,2,...
f(@1)  flz2) f(as)
_ g(w1) g(x2) g(xs)



