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From the previous section the transition rate is

Ra→b =
πe2

ε0ℏ2
∣∣⟨ψb|ϵ · r|ψa⟩

∣∣2ρ(ω0)

Noting that
ϵ · r = ϵxx+ ϵyy + ϵzz

we have ∣∣⟨ψb|ϵ · r|ψa⟩
∣∣2 = ∣∣ϵx⟨ψb|x|ψa⟩+ ϵy⟨ψb|y|ψa⟩+ ϵz⟨ψb|z|ψa⟩

∣∣2
We will now average over ϵ to eliminate it. Let

ex = sin θ cosϕ

ey = sin θ sinϕ

ez = cos θ

Integrate over θ and ϕ to average.

∣∣⟨ψb|ϵ · r|ψa⟩
∣∣2 = 1

4π

∫ π

0

∫ 2π

0

∣∣ϵx⟨ψb|x|ψa⟩+ ϵy⟨ψb|y|ψa⟩+ ϵz⟨ψb|z|ψa⟩
∣∣2 sin θ dθ dϕ

=
1
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(∣∣⟨ψb|x|ψa⟩
∣∣2 + ∣∣⟨ψb|y|ψa⟩

∣∣2 + ∣∣⟨ψb|z|ψa⟩
∣∣2)

=
1

3

∣∣⟨ψb|r|ψa⟩
∣∣2 (1)

Hence

Ra→b =
πe2

3ε0ℏ2
∣∣⟨ψb|r|ψa⟩

∣∣2ρ(ω0)
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