
Humboldt–Universität zu Berlin SoSe 2018

Institut für Physik

Online on the 26.06.2018

Dr. Franceso Intravaia, Daniel Reiche

Fluctuation-induced Phenomena: Problem Set 10

1) Excitation rates (10 Points). Perturbation theory and in particular Fermi’s golden rule

allows us to calculate the transition rates. Consider, for instance, a two-level atom in its

ground state |g〉 surrounded by bodies and by the thermal radiation. If the atom is excited

to its excited state |e〉, the corresponding transition rate γ− of the process reads
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∣∣∣〈F |〈e|d̂ · Ê(r0)|g〉|I〉
∣∣∣2 δ(EF + Ee − EI − Eg) . (1)

Here, pI = e−βEI/
∑

k e
−βEk , β = [kBT ]−1 and the dipole operator is d̂ = d(|e〉〈g| + |g〉〈e|).

The state |I〉 and |F 〉 are eigenstates of the free (without the atom) field Hamiltonian Ĥfield

with eigenenergies EI and EF , respectively. The states |g〉 and |e〉 are the eigenstates of the

dipole Hamiltonian with eigenenergies Eg and Ee, respectively.

(a) Show that we can write

γ− =
1
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−∞

dτ d · tr
[
Êfree(r0, τ)Êfree(r0, 0)ρ̂field

]
· d e−iω0τ , (2)

where ω0 = (Ee − Eg)/~ (dipole transition frequency), ρ̂field = Z−1e−βĤfield and Z =

tr[e−βĤfield ].

(b) Simplify the previous expression using the fluctuation-dissipation theorem

〈Êfree(r, ω)Êfree(r′, ω′)〉 =
4π~

1− e−β~ω
Z0

c
ω2Im [G(r, r′;ω)] δ(ω + ω′) (3)

where G(r, r′;ω) is the electric Green tensor, Z0 is the vacuum impedance and c is the

speed of light.

(c) Conclude that the process |g〉 → |e〉 occurs only for T > 0 (as it should).
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