5.1 Quasi-momentum operator of Bloch electrons.

As mentioned in the class, the quantum-mechanical momentum operator p = —iAV
does not commute with the effective single-electron Hamiltonian of a solid, H =

2y2 S S
BTy U(#), where U(7 + R) = U(¥) with R a lattice vector. However, it is possible

2m
to construct a quasi-momentum operator P that commutes with H and whose

eigenvalue is the quasi-momentum (or crystal momentum) fk, so that

[H,P]=0, Py () = ik, (D),
where Y, () = e* Ty, (#) is the Bloch function. Since P — p for U(#) = const, we can
express quasi-momentum operator P as P = p + ihF.

(1) Evaluate the commutator [H, p].
(2) Find the unknown operator F.
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