+Oofax27ﬁz T B%/4a e 2 —ax? —d Jroofazz Oon —ax n+1
e de =,/—e x“e dac:d— e dz 2" e dr =nl/a f(x)d(xz —a)dz = f(a)
—0o0 «a —0o0 @ J oo 0

2 2
Ho—ihdy  Ho—=Ep  HeL2 4vV@)=—1" R24V@) p=—itds [pa] = —ib
2m 2m

O V¥ (x, t)(x,t) = =0, J where current J = i (V* Opt) — o O, 0p™) = i Y~ 53; 0
2im 2im

d 1
5 WIAR) = W10 AlY) + WIH, Al/hl¢)  oaop = AAAB 2 5 [{W]i[4, B][¢)]
Particle-in-a-box with V(z) =0 for 0 < 2 < L, but V(z) = oo elsewhere

~ (hk)? ]2 _nm B
E, = o un(z) =14/ 7 sin(kz) where k= 7 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
2mE)?/? h? 2 2
fermi (s=3) gas: N =2 x %V EF:% (37T2n)2/3 P:§ <E>n:gEFn
. , 2mo —kla] 9 k2h?
Delta Function: V(z) = —ad(z) = Ay’ = — 2 »(0)  Y(z)=vVke where: k= ma/h E=- 5
m

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

[n) = un(x) = NpH,(€) e 28 where &= ,/% x and H, is an n'" degree polynomial

o fmw .py 1 g mw .py 1 | h
a_ — %(x“l‘la)—ﬁ(f‘i‘a&') a4 = a_ = % (x—la)—ﬁ(g—ag) xr = %(aJr-l-a,)
[a—,aqi] =1 [H,ay] = Thway H=hw(3+a4a_) a_|n)=+vn|n—-1) ayny=vn+1|n+1)
2-n,!

3d: (ne+ny+n.+3)=02n.+0+3) o= [ ETS

—

Angular Momentum: L =

—

TXPp [Li, V] = ihei;, Vi, where vector V= T.p, L [¢m) = Yo (0,0) —€<m <44
L2 [tm) = 00+ 1) K2 |6m) L. |[tm) =mh|tm)  Liltm)=E{l+1)—m(m=E1)h|fm=£1)
Li=L,+il, [Ly L ]=2hL, [L.,Li]=+hls [L? Li]=0

. = h_ 1 0
Spin 3: Szio |%%>:X+:T:<O> %_%:_:l:<1)

=1 0 oy =1 0 o, o; = 0x0y =10, = —0y0,
)

Clebsch-Gordan: [jm) = Z C(jm; mg, smy) [€my) |sms

know how to use table!

Radial Equation: (r.0,6) — Yiu(6,0)R(r)  R(r) = ")

.
[Q:j (82+ 8) %JFV(T)}R_ER [;—:33+%+V(T)]U—Eu
H atom: = % — 4i:§r E, = —%ch (27;;)2 = —%% ~ —13.6 eV Z—j n=12,3,...
a0=47;§22h2%.53A a:Mizhcz% n=n,+0+1 .. 0<0<n—1 p= 8";|2E| _i—iz
) = Rot(p) Ve (0,6)  where  Bug = Ny L2 )b Ny = 55 [ O

Spectroscopic Notation: orbital: s;p,d,f,g  term: 2541, atomic: 1s,28,2p,3s,3p,4s,3d  nuclear: 1s,1p,1d,2s,1f,2p,1g
2-particle CM Coordinates:

— = M2 -
= my ma = R M =
R = T+ T T T mi1 + mo
Mt Mm? M P 3 _ P P
— . . . mi _, o= mimes 2mq 2mo 2M 2IUJ
r = ry —ro ro = R - M r M

Magnetic: p — P — ¢A 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))

S . (V[ H|)
Rayleigh-Ritz: minimize F = -—F——-+-
(Y1)
~ 1 / |k|H'|n |2 . . R
Perturbation Theory: E, = (n|H'|n) Z degenerate: diagonalize matrix (i|H'|j)

k#n n
ot
Time Dependent: ¢ (t) ~ L / H} (1) el Bo=Eat /h gyt

[Vap|? sin? ((wo — w)t/2)

if H =V(r)coswt then: P, ~ E1 Unpolarized Light: R = mp(wo) lq (| T |1a) |2

h? (wo — w)? BRI
el i |Vab|2 .
Golden Rule:  transition rate = 5 7 x density of states
do  hits/sec in detector  hits/sec in detector b |db 9 i ethr
Scatt — = = here: ¢ ~ e"™* 0
cattering: 5o = JdQ nt beam current dQ  sin @ ‘ ‘ I where: g e+ /(6)
1 & AT o - G Fors (T 1
=z ; (20 4 1)e™* sin(dy) Py (cos ) o= k_g 620(26 + 1) sin?(dy) fBorn = % ' TV () d®ryg q=

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

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

Yo e o
u(w;) = (N1)~'/2 Z(;pi) Z@; Mo,



