Quantum Systems Reference Sheet

Instructor’s guide

Student handout

1 1-D Particle-in-a-box

Hamiltonian:
. h* o2
T 2moa?
Eigenstates:
| > ) 2 . nmx
n) =4/ - sin —
L L
n=1{1,2,3,...}
Eigenvalue Equations:
- 2h?
Hln) = 2
) = 5z )
2 Particle-on-a-Ring
Hamiltonian:
~ h? 0?
~ 2009
Eigenstates:
1 )
) = —— e

Eigenvalue Equations:
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3 2-D Particle-in-a-Box
Hamiltonian:

. hQ 82 82
* 5 (32 * o7

Eigenstates:

mnrx mry
|mn) = — sin sin —=

m = {1 2,3,.
n_{1,2,3,...}

Eigenvalue Equations:

4 Particle-on-a-Sphere

Hamiltonian:

B
st 0 0¢?

Eigenstates:

|tm) = Y;"(0,¢)

miml |20 41 (0 —m)!
=(—-1) 2 P ) e™?
(=1) \/47r (Crmy 7 cosb)e
(={0,1,2,...}
m={-¢(...,0,...,0}

Eigenvalue Equations:

2

~ h

H |tm) = T 00+ 1) |m)
L2 [tm) = h20(0 + 1) |0m)
L. |tm) = hm |fm)

2

(12)

(18)
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5 Hydrogen Atom
Hamiltonian:
N h? ke?
H=-——V- 2
qu r (26)
, R 10,0 1 0 0 1 o ke?
N _2ur2 [ar( 87’) +sm€3_<smeﬁﬁ) sm2087¢>2} o (27)
Eigenstates:
[nm) = Rne(r) Y™ (0, ¢) (28)
2Z\* (n—0—=1)! [20\" _. witml |20+ 1 (0 —m)!
= — - —n L2020 1) 2 pm 0) ¢imo
\/(nao) 2n[(n + 0)1)3 (n) ‘ wee (3)(=1) 4 ((4m) " (cosf) e
(29)
A4S
- (30
n={1,2,3,...} (31)
=10,1,2,...,n—1} (32)
m={—-¢(...,0,...,0} (33)
Eigenvalue Equations:
- 1/[ze*\? w1
H |ntm) = —3 <47T€0) =g |nfm) (34)
— _13.66V % Infm) (35)
L? |nfm) = R {(( + 1) |ntm) (36)
L, [ntm) = hm [ntm) (37)
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