Sound waves in lattice

From the total potential energy
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we obtain the equation of motion

ZIJJ

J

The plane wave @;(t) = ue'®1-w1) is a solution of the above equation
of motion if
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where the matrix Cj is given by

The eigenvalues of (. determines mw?.



Spring-bead model of a square lattice

Calculate 2 x 2 matrices Cij
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Collect terms:
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Calculate 2 x 2 matrix C) = ¥; Cje =)k

C = Cji + Ciiqxe™ + Cyj_xe ™ + -
= Cjj + 20 j4-x COS kg + 2C j 4y, COS ky + 20 54 w4y COS(kz + ky)
+ 2C; cos(kz — ky)

= (4 5)

a = 2C1(1 — coske) + Ca[2 — cos(ka + ky) — cos(ke — ky)]
b= 2C1(1 — cosky) + Co[2 — cos(ks + ky) — cos(ks — ky)]
c=C5 [— COS(]C:U + ky) + COS(kx o ky)]
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e Eigenvalues of ) give rise to mw?

s )




