Quantum Systems Reference Sheet Handout
1 1-D Particle-in-a-Box
Hamiltonian:
. h* o2
H=—— 1
2m Ox? (1)
Eigenstates:
2
In) = \/; sin% (2)
n=1{1,23,...} (3)
Eigenvalue Equations:
mh?
= 4
) = 5z ) ()
()
2 Particle-on-a-Ring
Hamiltonian:
L h2 82
S (6)
21 0¢
Eigenstates:
my = e @
m) = e
\/27rg
m={--—-2,-1,0,1,2,... (8)
Eigenvalue Equations:
n: o,
1 m) = 5 m) (9)
L* |m) = h* m? |m) (10)
L.|m) = hm|m) (11)
3 2-D Particle-in-a-Box
Hamiltonian:
2 2 2
e (2 2) o)
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Eigenstates:
|mn) = N/ 1/— sin L inly (13)
m={1,2,3,. (14)
n_{1,2,3,...} (15)
Eigenvalue Equations:
- mh? (m?  n?
H = —+ = 1
|mn) 2 (Lg + LZ) |mn) (16)
(17)
4 Particle-on-a-Sphere
Hamiltonian:
.. W[ 1 0. 0 1 02
H= 21 lSiH@% (51119%> - sin® 0 0¢? (18)
Eigenstates:
|[tm) = Y[ (0, ¢) (19)
m+|m| 2€ + 1 (g - m)'
=(=1) 2 P 9) e™m® 2
-1) \/ oy Peost)e (20)
=1{0,1,2,...} (21)
m={—¢...,0,...,0} (22)
Eigenvalue Equations:
. B2
H|tm) = Yi 0+ 1) [m) (23)
L2 [tm) = B2 0(0 + 1) |m) (24)
L. [tm) = hm |fm) (25)
5 Hydrogen Atom
Hamiltonian:
- h? ke?
H= -V 2
Q,uv r (26)
[0 (,0 1 0 0 1 02 ke?
= - —~(r2= = — |- = 2
202 L’)r (T ar) T 609 (Smeae) 51n203¢2] r (27)

[\
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Eigenstates:
[ntm) = Rue(r) Y™ (6, ) (28)
2Z\> (n—0—=1)" (20\" _. mtiml (2041 (0 —m)! ,
= — - . +1/9p -1 3 pm imae
\/(nao) 2n[(n + 0)13 <n> ‘ wee () (=1) A ((4+m) " F (cosf)e
(29)
As
b= (30)
n={1,2,3.} (31)
(=1{0,1,2,...,n—1} (32)
m={—¢(...,0,...,0} (33)
Eigenvalue Equations:
- 1 [ Ze*\” w1
H |ntm) = ~5 <4W€0> =] |ném) (34)
1
= —13.6eV = |ndm) (35)
L? |ntm) = K2 0(¢ + 1) [nlm) (36)
L. [ntm) = hm |ntm) (37)
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