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The optical response functions couple an external electric field,
, with the internal electric field arising from the response of the crystal. It is convenient to introduce

the displacement field,
, which determines the electric field from external charges,

. The displacement field is related to the internal electric field,
, through the polarization,
:

where
 is the electric field from the internal charges,
.

The polarization is related to the dipole moment of the material,
,

where
 is the volume of the material.

Linear response coefficientsLinear response coefficients

The linear response coefficients
 (susceptibility),
 (dielectric constant), and
 (polarizability) relate the electrodynamic quantities outlined above to each other:

Optical conductivityOptical conductivity

For a perturbation
, the linear response current in the long wave-length limit (

 , where
 is the lattice constant) is given by [1]:

 QuantumATKQuantumATK

  Try it!

  QuantumATK

  Contact

Eext

D
ρext
E
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D = ϵ0E + P,

−P
ρint

p

P ≡ p/V ,

V

χ
ϵr

α

P = ϵ0χE,
D = ϵrϵ0E,

p = αE.

E(r) = E0 exp(iq ⋅ r)
q ≪ 1/a

a

j(r, ) = ( = 0, )E(r, ),
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Next 

where
 is the optical conductivity.

UnitsUnits

The unit of the linear response coefficients are:

CoefficientCoefficient UnitUnit

C /Nm

1

1

C /Nsm

Relation between the linear response coefficientsRelation between the linear response coefficients

All the response coefficients follow from the susceptibility,
:

The derivation of the last relation can be found in [2].
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j(r, ω) = σ(q = 0, ω)E(r, ω),

σ

α 2 5

ϵr

χ

σ 2 2

χ

ϵr(ω) = (1 + χ(ω)),
α(ω) = V ϵ0χ(ω),

σ(ω) = −iωϵ0χ(ω).
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