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Electric currents and polarization I

Electric polarization expressed by wave function
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Electric currents and polarization II

Electric polarization expressed by wave function
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Electric currents and polarization III

Electric polarization expressed by wave function
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Bloch wavefunction and its periodic part
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Electric currents and polarization IV

Heisenberg Equation of Motion
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Bloch wavefunction and its periodic part
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Electric currents and polarization V

Electric polarization expressed by wave function
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Electric currents and polarization VI

First-order perturbation theory
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Ordinary derivative to partial derivative
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Electric currents and polarization VII

Electric polarization expressed by wave function
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For ko direction,

Pa(At) — Px(0)
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Electric currents and polarization VIII

Electric polarization expressed by wave function

Viat = (Oka: 6, 0), A™ = (AL, AT, 0)
dS = (0,0, dtdka), Al = (uf|ouut)

Pa(At) - Pa(o)
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Electric currents and polarization IX

Electric polarization expressed by wave function
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Electric currents and polarization X

Electric polarization expressed by wave function
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Electric currents and polarization XI

Example: Orthorhombic unitcell

Case: (kp, ky) = (0,0) sampling , Gg = 2L, Gy = 2%
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Electric currents and polarization XII

What is a Chern number in ko, — t space?

@ Electron moves a = (z(T)) — (x(0)), i.e., vaT = a.

@ Chern number C is given by 2w C as an integrated Berry
curvature over any 2D manifold.

Example: one electron in a unit cell (C = 1)
Pa(T) — Pua(0)
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