
Hydrogen eigenfunctions

The hydrogen atom eigenfunction ψnlm(r, θ, ϕ) is the product of a radial eigenfunction Rnl(r)
and a spherical harmonic eigenfunction Ylm(θ, ϕ).

ψnlm(r, θ, ϕ) = Rnl(r)Ylm(θ, ϕ)

Quantum number n is the principal quantum number.

n = 1, 2, 3, . . .

Quantum number l is the angular momentum quantum number.

l = 0, 1, . . . , n− 1

Quantum number m is the magnetic quantum number.

m = −l, . . . , 0, . . . , l

The normalized radial eigenfunction Rnl(r) is computed from the following formula.
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Symbol a0 is the Bohr radius.

a0 =
4πε0ℏ2

e2µ
≈ 0.529× 10−10meter

Symbol µ is the reduced mass of the electron.

µ =
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me +mp

Symbol L is a Laguerre polynomial computed from the following formula.
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The normalized spherical harmonic eigenfunction Ylm(θ, ϕ) is computed from the following
formula.
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Symbol P is a Legendre polynomial which can be computed using Rodrigues’s formula.
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The eigenfunction ψn ≡ ψnlm(r, θ, ϕ) solves Schrodinger’s equation.

Ĥψn = Enψn
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Symbol Ĥ is the Hamiltonian operator for the hydrogen atom.
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Symbol ∇2 is the Laplacian operator in spherical coordinates.
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Symbol En is the energy eigenvalue.
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× 13.6 eV

2


