
Energy transfer [nln38]

Hamiltonian of system and interaction with radiation field:

H(t) = H0 +H1(t) = H0 − a(t)A.

Interaction between system and radiation field involves energy transfer.

Rate at which average energy of system changes:

d

dt
〈H0〉 =
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〈[H0,H(t)]〉 = − 1
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a(t)〈[H0, A(t)]〉.

Calculate linear response 〈[H0, A(t)]〉 − 〈[H0, A]〉0︸ ︷︷ ︸
0
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Application of Kubo formula [nln27]:

〈[H0, A(t)]〉 =
ı

~

∫ t

−∞
dt′a(t′)〈[[H0, A(t)], A(t′)]〉0.

⇒ d

dt
〈H0〉 = − 1

~2
a(t)

∫ t
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dt′a(t′)〈[

−ı~dA/dt︷ ︸︸ ︷
[H0, A(t)], A(t′)]〉0

=
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a(t)

∫ t

−∞
dt′a(t′)

∂

∂t
〈[A(t), A(t′)]〉0

=

∫ +∞
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dt′a(t)a(t′)

∂
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χ̃AA(t− t′)

with response function

χ̃AA(t− t′) =
ı

~
θ(t− t′)〈[A(t), A(t′)]〉0.

The time-averaged energy transfer depends only on the absorptive part,
χ′′AA(ω), of the generalized susceptibility as demonstrated in [nex64] for a
monochromatic perturbation.

1We have 〈[H0, A]〉0 = Tr{e−βH0H0A− e−βH0AH0}/Z0 = 0 in thermal equilibrium.


