























Problem 20 (d)

When m; = mg = m
w? = #(2 + /2 + 2cos(ka))

this dispersion relation is shown as in Figure 1, where for the first Brillouin zone for the
diatomic chain is ka € [-7, 7]. In terms of the new lattice constant a’ = a/2, the dispersion
relation is then:

W= flj\‘i/}f2 (1 £ cos(ka’)), ka' € [—7/2,7/2]
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Figure 1:
The dispersion relation for the diatomic linear chain when m; = mo = m. Dashed rectangular
area gives the Brillouin zone for the diatomic chain.

For the optical branch, consider the part with ka’ € [-7/2, 0], then:

Lo it S fi+ [
M M
notice that ka’+7 € [r/2, 7|, above expession indicates that the optical branch in dispersion
relation for the diatomic chain in [-7/2, 0] is equivalent to the acoustic branch in [7/2, 7].
Similarly, the optical branch in dispersion relation for the diatomic chain in [0, 7/2] is
equvalent to the acoustic branch in [-7, -7/2]. Thus, instead of describing the dispersion relation
with both optical and acoustic branch in ka’ € [-7/2, 7/2], it is equvalent to just consider the
acoustic branch in ka’ € [-7, 7], which is just the dispersion relation for the monatomic chain.
Therefore, when setting mj = mo = m, the dispersion relation for monatomic chain is recovered.

(1 + cos(ka’)) = (1 — cos(ka’ + 7))
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