
Today’s class: Linear response theory and Kubo formula

● Linear response theory.
● Kubo formula.
● Dielectric response.

Prof. Luis Gregório Dias
luisdias@if.usp.br



Perturbation “turned on” at t
0
:

Linear response theory

“Equilibrium” (t<t
0
)

“Non-Equilibrium” (t>t
0
)

To first order (Kubo formula):



Kubo formula in frequency domain

Alternatively: 

Retarded correlation function 

If 

with 

in frequency domain: 

Special case: 

“Dynamical 
Susceptibility”

charge density

spin susceptibility

Current-current 
correlation function

charge susceptibility

spin density

current 
density



Example: Dielectric response

Dielectric function: 

Isotropic, linear case: 



Perturbative quantum limit

Perturbation (external potential): 

Density-density correlation function (“Polarizability”)



Dielectric response (linear)

Dielectric response

Coulomb potential 

Fourier transform (translation invariant systems!) 

with 
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