
Linear response [nln26]

Radiation field b(t) perturbs equilibrium state of the system H0 via coupling
to dynamical variable B.

System response to perturbation measured as expectation value of dynamical
variable A.

Linear response to weak perturbations is predominant under most circum-
stances (away from criticality).

Response function χ̃AB(t) (definition):

〈A(t)〉 − 〈A〉0 =

∫ ∞
−∞

dt′χ̃AB(t− t′)b(t′).

• Linearity: χ̃AB(t) is independent of b(t).

• Hermiticity: χ̃AB(t) is a real function.

• Causality: χ̃AB(t) = 0 for t < 0.

• Smoothness: |χ̃AB(t)| <∞.

• Analyticity: χ̃AB(t)→ 0 for t→∞.

Generalized susceptibility (via Fourier transform):

χAB(ζ) =

∫ +∞

−∞
dt eıζtχ̃AB(t) (analytic for ={ζ} > 0).

Complex function of real frequency:

χAB(ω) = lim
ε→0

χAB(ω + ıε) = χ′AB(ω) + ıχ′′AB(ω).

Linear response in frequency domain means no mixing of frequencies:

α(ω) = χAB(ω)β(ω),

where

χ̃AB(t) =

∫ +∞

−∞

dω

2π
e−ıωtχAB(ω), b(t) =

∫ +∞

−∞

dω

2π
e−ıωtβ(ω),

〈A(t)〉 − 〈A〉0 =

∫ +∞

−∞

dω

2π
e−ıωtα(ω).


