
Subject: Solid State Physics (Intro.) Case: Student project Name: Michael Zawodzki

Phonon dispersion relation of a bcc lattice:

Equation of motion in x -direction is:

d2ux
lmn

dt2
= C√

3 m
[(uxl+1m+1n+1 − uxlmn) + (uxl−1m+1n+1 − uxlmn) + (uxl−1m−1n+1 − uxlmn)+

+(uxl+1m−1n+1 − uxlmn) + (uxl+1m+1n−1 − uxlmn) + (uxl−1m+1n−1 − uxlmn) + (uxl−1m−1n−1 − uxlmn)+

+(uxl+1m−1n−1 − uxlmn) + (uyl+1m+1n+1 − uylmn)− (uyl−1m+1n+1 − uylmn)− (uyl−1m−1n+1 − uylmn)+

+(uyl+1m−1n+1 − uylmn)− (uyl+1m+1n−1 − uylmn) + (uyl−1m+1n−1 − uylmn)− (uyl−1m−1n−1 − uylmn)+

+(uyl+1m−1n−1 − uylmn) + (uzl+1m+1n+1 − uzlmn)− (uzl−1m+1n+1 − uzlmn)− (uzl−1m−1n+1 − uzlmn)+

+(uzl+1m−1n+1 − uzlmn)− (uzl+1m+1n−1 − uzlmn) + (uzl−1m+1n−1 − uzlmn) + (uzl−1m−1n−1 − uzlmn)−
−(uzl+1m−1n−1 − uzlmn)]

For uxlmn

uxlmn = ux−→
k
ei(

∑3
i=1

−→ai
−→
k − ωt)

was used.

Primitve vectors for bcc are:

A =
a

2

 −1 1 1
1 −1 1
1 1 −1


We obtain:

uxlmn = ux−→
k
ei(l

−→
k ·−→a1+m

−→
k ·−→a2+n

−→
k ·−→a3) = ux−→

k
ei(

(−l+m+n)kxa
2

+
(l−m+n)kya

2
+

(l+m−n)kza
2

)
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Figure 1: Phonon dispersion of a bcc lattice. Plot is over the symmetry lines as follows:

gamma - H - P - gamma - N

On the next page solutions of the equation of motion are summed up in a array.
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