
Equations

En = − me4

8ǫ2
0
h2n2

σ = 2π5k4

15h3c2

l = mvr lx = ypz − zpy

∆E = hν = h̄ω λ = h/p

2πr = nλ P̂x = −ih̄ ∂
∂x

Ĥφn(x) = Enφn(x) Ĥ = − h̄2

2m
d2

dx2 + U(x)

En = h2n2

8ma2 Ψ(x) =
√

2
a sin(nπx

a )

< a >=
∫ ∞
−∞ Ψ∗(τ)ÂΨ(τ)dτ σ2

a =< a2 > − < a >2

ĤΨ(x, t) = ih̄∂Ψ(x,t)
∂t Ψn(x, t) = ψn(x)e−iEnt/h̄

∫

g∗Âfdx =
∫

fÂ∗g∗dx ψ(x) =
∑

n cnφn(x)

cn =
∫

φ∗n(x)ψ(x)dx pn = |cn|2
Harmonic oscillator:

En = (n+ 1
2 )h̄ω ω =

√

k/µ

Ψ0(x) = (α/π)1/4 e−αx2/2 Ψ1(x) = (α/4π)1/4 2
√
α x e−αx2/2

α =
√
kµ/h̄

Rigid rotor:

El = h̄2l(l + 1)/2I ∆E = h̄2(l + 1)/I

I = µr2 Ĥ = L̂2/2I

Spherical harmonics:

L̂2Y m
l = h̄2l(l + 1)Y m

l l = 0, 1, 2, . . . −l ≤ m ≤ l

L̂zY
m
l = h̄mY m

l Y m
l (θ, φ) = Nlm P

|m|
l (cosθ) eimφ

Y 0
0 (θ, φ) = 1/

√
4π Y 0

1 (θ, φ) =
√

3/4π cos θ

Y 1
1 (θ, φ) =

√

3/8π sin θeiφ Y −1
1 (θ, φ) =

√

3/8π sin θe−iφ

Spin of electron:

Ŝ2α = h̄2 1
2 (1

2 + 1)α Ŝ2β = h̄2 1
2 (1

2 + 1)β

Ŝzα = h̄
2α Ŝzβ = − h̄

2β

Some useful integrals:
∫ ∞
−∞ e−ax2

dx =
√

π/a
∫ ∞
−∞ x2e−ax2

dx = (1/2)
√

π/a3

∫ ∞
−∞ x4e−ax2

dx = (3/4)
√

π/a5
∫ ∞
−∞ x6e−ax2

dx = (15/8)
√

π/a7

∫ a

0 sin2(nπx
a )dx = a/2

∫ a

0 x sin2(nπx
a )dx = a2/4

∫ a

0
x2 sin2(nπx

a )dx =
(

a
2πn

)3
(

4π3n3

3 − 2nπ
)

∫

x sin(ax)dx = sin(ax)
a2 − x cos(ax)

a erf(x) = 2√
π

∫ x

0
e−u2

du
∫

x2 sin(ax)dx = 2x
a2 sin(ax) +

(

2
a3 − x2

a

)

cos(ax)

Wave functions for H-like atoms: σ = Zr/a0

Ψ1s = 1√
π

(

Z
a0

)3/2

e−σ Ψ2s = 1
4
√

2π

(

Z
a0

)3/2

(2 − σ)e−σ/2

Ψ2pz
= 1

4
√

2π

(

Z
a0

)3/2

σe−σ/2 cos θ Ψ2px
= 1

4
√

2π

(

Z
a0

)3/2

σe−σ/2 sin θ cosφ

First order perturbation correction:

∆En =
∫

ψ
(0)∗
n Ĥ(1)ψ

(0)
n dτ

Variational principle:

Eφ =

∫

φ∗Ĥφdτ
∫

φ∗φdτ
Eφ ≥ E0
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