Quantum Reference Sheet Handout

1 1-D Particle-in-a-box

Eigenstates:

n=4{1,2,3,...} (2)
Eigenvalue Equations:
- wh?
Hn) = 3z ) 3)
(4)
2 Particle-on-a-Ring
Eigenstates:
) =~ ™ o)
N 271'7”0
m=4{...2,1,0,—1,-2,...} (6)
Eigenvalue Equations:
h2
[m) = 57 m”* |m) (7)
L? |m) = B* m? |m) (8)
L.|m) = hm|m) (9)

3 1-D Harmonic Oscillator

Eigenstates:
/4 1
) = (22) Ho(§) €/ (10)
n=40,1,2,3,...} (12)
Eigenvalue Equations:
~ 1
Hin)=hw(n+ 5 n) (13)
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4 2-D Particle-in-a-Box
Eigenstates:
2 2 . mrmxr . nmy
|mn) = o\, sin I smL—y (15)
m={1,2,3,...} (16)
n={1,23,...} (17)
Eigenvalue Equations:
wh? (m?  n?
H |mn) = 2 (L_?C + L_;Q;) |mn) (18)
(19)
5 Particle-on-a-Sphere
Eigenstates:
|tm) = Y;"(0, ¢) (20)
B milml |20 4+ 1 (0 —m)! imé
=(-1) \/ I m) PJ"(cos ) (21)
¢={0,1,2,...} (22)
m={(...,0,...,—(} (23)
Eigenvalue Equations:
N h?
H |tm) = 27 00+ 1) |fm) (24)
L?|tm) = h2 (¢ + 1) |m) (25)
L, [tm) = hm |tm) (26)
6 3-D Particle-in-a-Box
Eigenstates:
.onmy .
|mnp) = 4 / X / \ / 2 sin 7 sin sin (27)
y
m={1,2,3,. (28)
n—{1,2,3,...} (29)
p={1,2,3,...} (30)
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Eigenvalue Equations:

. 2R (mE n? P
H |mnp) = 2 (L—% + L_g + L_§> |mnp) (31)
(32)
7 Hydrogen Atom
Eigenstates:
[ntm) = Rne(r) Y;"(6, ) (33)
2Z\* (n—0—=1)" [20\" _. o mitml |20 41 (€ — m)! .
= — il o [Ny pm ime
\/(nao) 2n[(n + 0)1)3 (n) ‘ wre (3)(=1) A (L4 m) F (cosf)e
(34)
Zr
P = a_o (35)
n=1{1,2,3,...} (36)
¢={0,1,2,...,n—1} (37)
m={(...,0,...,—(l} (38)
Eigenvalue Equations:
- 1 [ Ze?\? [T
H |ntm) = ) (47T€0> i |ném) (39)
1
= —13.6eV = |ném) (40)
L? |ntm) = K2 0(¢ + 1) [nfm) (41)
L. [nfm) = hm |nfm) (42)
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