Sound waves — several atoms per unit cell

From the total potential energy Uior = 5 Zua *acabﬁ?
we obtain the equation of motion mquf = —Zjbcab*b
The plane wave @{(t) = ufe'1=+) is a solution of the above equation

of motion if w and ﬁﬁ satisfy
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where the matrix Cﬁ IS given by

C«ab — Z C%be_i(i_j)'k

: 1l ~ab 1 : 2
The eigenvalues of ( I \/—m_b) determines w~.
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A 1D model
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Calculate 2 x 2 matrices (Cg‘jb> i1 2 i+A.1 i+),2

1 1
Utot = 5 > u?C?jb ? =5 > ugC%bu? + ) u?C’%bu?
17,ab 1,ab 1<j,ab
e Spring (7,1;1,2):
1
EC’(u} — u?)?
e Spring (7,2;714+ A\, 1):

1 C C



Collect terms:
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Calculate 2 x 2 matrix C =, CPe —1(=5)k .
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The eigenvalues of the above matrix gives w~:
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