+oo 400 —d [t 0 |
/7006706962751 dx = \/geﬁz/‘m /700;1;26*‘”2 dx = o 700670‘12 dx /0 2" e dr = % /f(a:)5(3: —a)dr =

p2 hQ
Hy=ihdyy Hy=Ep H=2 4ve)=—_""924+V() p=—ikdy [pa]=—ih

2m 2m
Particle-in-a-box with V(z) =0 for 0 < 2 < L, but V(z) = oo elsewhere

~ (hk)? ]2 _nm —
E,= o Yn(x) = 7 sin(kz) where k= 7 n=1,2,3...
(fik)? T
3-d: [ngnyn.) = ¥n, (€)Y, (Y)Pn, (2) E = 5 where k = (ngm/Ly,nym/Ly,n,m/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(cu—l-a)
[a_,ay] =1 [H,a+] = +hway  H =hw (5 +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) —C€<m < +/L
L2 |[tm) = (0 + 1) B2 |¢m) L. |fm) =mhlém)  Li|fm)= Il +1)—m(m=E1)h|fm=+1)

Ly=L,+il, [Ly,L-]=2hL., [L.,Ly]=+hLy [L%Ly]=0 [L;,V-W]|=0

I%%>—X+—T—((1)> |%_%>_X_¢_<?)

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

Spin %: S =

| S

Radial Equation: (r,0, ¢) = Y, (6, §) R(r) R('r):u(r)

[25(82 i&)—i—%—i—V(r)}R-ER [;—:3T2+%+V(r)]u_Eu
H atom: H = %—ﬁjr En_—%mCQ(a;.;)z_—%%z—l&GeVi—j n=1,2,3,...
a0:4::22hzz.531& 04—47;22}10%% n=n,+0+1 . 0<l<n-1 p= 877;L|2E|r:i—§:
[nm) = Rus(p) Yi(0,6)  where  Bys = Nutp' L p)e ¥ Nu= %

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

N - (VH )
Rayleigh-Ritz: minimize F = -——--
(V1)
. 1 / [{k[H ) kIH In |2 . . e
Perturbation Theory: E, = (n|H'|n) Z degenerate: diagonalize matrix (i|H'|j)

k#n n
ot
Time Dependent:  ¢(t) ~ L / H], (') e/ Pe=Bat' /7 gy

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

Selection Rules: Am ==+1,0 Al =+1

El: AJ=0,£1(0A40), AM=0,£1(04A0, if AJ=0), AS=0, AL=0,+1(0+ 0)

mp(wo)

if H = V(r)coswt then: P, ~ S

|a (] Flvba)

E1 Unpolarized Light: R,—, =

= (x,y, )—r<s1n960s¢,s1n9s1n¢,cos@)—m/23< Yii+Yio1,i(Yi1 + Yio1), \/_Y10>

(2[1 + 1)(2[2 +1)
4m(2l3 4+ 1)

3Y integral: (Yigms|Yioms|Yiym,) = \/ (130]111200)(I3ms|l1lamyma) o< Clebsch-Gordan: C(lsmg;lama;limy)



