Midterm Exam

Born—von Karman boundary condition. Lattice Fourier transform

Introduce Born-von Karman boundary condition and prove that for any
quantity (), satisfying this condition there takes place the Fourier transform
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Summation in the wavevector space

Show that for a macroscopic crystal the summation over the wavevector
q = qm can be replaced with integration by the following rule:

%{.._) . %]%stq(m). (4)

Also show that one can write the Fourier transform in terms of the dimen-
sionless wavevector

e Mg Ty
m = 27| —,—, — | , 5
& W<J\71'N2'N3) (5)
and that in this case
N :
g, 6
) = g [, P9 (6

g



Quantum theory of phonons

Derive the theory of quantum harmonic modes starting from the Hamilto-
nian (A = 1)

)
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where {u.} is the set of scalar coordinates (displacements); p, = —id/du,

is the momentum operator, mg is the mass, and the matrix A,g is real
and symmetric. Apply this theory to phonons by using @ = (i,7,n). In
particular, derive the relation
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