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k · p theory is a perturbation based scheme of calculating the eigenvalues and eigenvectors given their knowledge
at specific point in the Brillouin zone (BZ). It is particularly useful in estimating the effective masses of bands by
perturbatively calculating the energy dispersion about the known BZ point.

The momentum operator in quantum mechanics is

p̂ =
~
i
∇ (1)

The wavefunctions are of the Bloch type for a periodic crystal

Ψn,k(r) = eik·run,k(r) (2)

where the Bloch function un,k(r + R) = un,k(r) is periodic. Therefore
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which can be substituted in the Schrodinger equation[
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Thus un,k(r) satisfies an equation of the form

Hkun,k(r) = En,kun,k(r)

where Hk =
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Say we know the eigenspectrum at a point k0: Hk0
un,k0
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and we want to know the eigenspectrum at a nearby point k
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where the perturbation term is
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Given the perturbation term, we can evaluate the correction in energy to second order in perturbation theory assuming
non-degenerate states

E(2)
α = E(0)

α + V̄αα +
∑
β 6=α

|V̄αβ |2

E
(0)
α − E(0)

β

(9)

On the other hand, we can Taylor expand En,k about k0,
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from which we can read off the effective mass tensor

m−1ij =
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∂k0,i∂k0,j
(11)

Comparing the two energy expansions (Perturbation and Taylor series) and comparing second order terms
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The above equation is used to read of the effective mass tensor.
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where we have used the orthogonality of the wavefunctions to set 〈nk0|k0 ·(k−k0)|n′k0〉 = δn,n′ which is 0 since n 6= n′.

As for the wavefunction
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Considering the simple case of two bands - conduction and valence, and assuming spherical symmetry
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The optical matrix element 〈p̂〉cv is an input read from experiments as it shows up in absorption coupling the transition
between valence and conduction bands. And the wavefunctions
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