
Hydrogen selection rules

By computing transition elements, verify the following selection rules.

|lb − la| = 1, |mb −ma| ≤ 1

Transition element.

Ta→b = |⟨ψb|x̂|ψa⟩|2 + |⟨ψb|ŷ|ψa⟩|2 + |⟨ψb|ẑ|ψa⟩|2

Transition amplitudes.

⟨ψb|x̂|ψa⟩ =
∫
V
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b x̂ψa dV, ⟨ψb|ŷ|ψa⟩ =
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V
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b ŷψa dV, ⟨ψb|ẑ|ψa⟩ =
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V

ψ∗
b ẑψa dV

Operators for dipole approximation.

x̂ = r sin θ cosϕ, ŷ = r sin θ sinϕ, ẑ = r cos θ

Volume measure for spherical coordinates.

dV = r2 sin θ dr dθ dϕ

Hydrogen wave functions ψnlm are solutions to the time-independent Schrödinger equation.

Ĥψnlm(r, θ, ϕ) = Enψnlm(r, θ, ϕ)

Hydrogen wave function.
ψnlm(r, θ, ϕ) = Rnl(r)Ylm(θ, ϕ)

Radial wave function.
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Associated Laguerre polynomial.
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Spherical wave function.

Ylm(θ, ϕ) = (−1)m
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Associated Legendre polynomial of cos θ.
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