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Perturbation theory approach to electric fields 

Dielectric constants, Born effective charges, piezoelectric 
constants are physical quantities that involves the treatment
of macroscopic electric fields in the crystal.

Perturbation theory has been able to treat these quantities 
since ever. 

- long wavelength approach

    exp(iqr)/iq  ~ 1/iq + r + …,     q → 0 
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- long wavelength approach

    exp(iqr)/iq  ~ 1/iq + r + …,     q → 0 

- commutator trick

matrix elements of r are expressed in terms of its 
commutator with the Hamiltonian: [r,H] = i h p + [r,VNL]



Perturbation theory approach to electric fields 

Dielectric constants, Born effective charges, piezoelectric 
constants are physical quantities that involves the treatment
of macroscopic electric fields in the crystal.

Perturbation theory has been able to treat these quantities 
since ever.

Tricks only apply to off diagonal matrix elements ! 

Matrix elements of r are converted to operations comparing 
neighboring k-points → Berry phase
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