
Sound waves in lattice
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we obtain the equation of motion 

m�ü 
i = − 

� 
Ciju�j 

j 
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The eigenvalues of C̃k determines mω2.




Spring-bead model of a square lattice 

Calculate 2 × 2 matrices Cij 
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•	 Link (i, i + x + y): 
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Collect terms: 
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Calculate 2 × 2 matrix C̃k = 
�

j Cije
−i(i−j)·k :


C̃k = Cii + Ci,i+xeikx + Ci,i−xe−ikx + · · · 
= Cii + 2Ci,i+x cos kx + 2Ci,i+y cos ky + 2Ci,i+x+y cos(kx + ky) 

+ 2Ci,i+x−y cos(kx − ky)
�
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a = 2C1(1 − cos kx) + C2[2 − cos(kx + ky) − cos(kx − ky)] 

b = 2C1(1 − cos ky) + C2[2 − cos(kx + ky) − cos(kx − ky)] 

c = C2[− cos(kx + ky) + cos(kx − ky)] 

Eigenvalues of C̃k give rise to mω2 • 
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