Question:

Consider the normal modes of a linear chain, in which the masses are alternately M and m.
Assuming that the force constants between nearest-neighbor atoms are equal, and the nearest-
neighbor separation is a/2 . M#m and K=G

Find :

1- The dispersion relation w(k)at k = 0 and k = g

2- The conditions for acoustic and optical modes.
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M m M m 2 -
Mzm, K=G
d?ug
M dt? = G5 — ug) + C1(Vs-1 — Us) = Covg + C1vsg — (€1 + C3)ug
d?v,
™az = Co(us — vg) + C1(Usy1 — v5) = Cous + Crutgyq — (€1 + C)vs

Trying to solve the problem by the periodic solutions in the form of a traveling wave as follows:
U = uei(ksa—a)t) and v = Uei(ksa—wt)

This leads us to the eigenvalue equation:
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Then, the two solutions can be given as:
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At k=0, let’s assume



W = 2C(M +m) +/4C?(M + m)? _ 2C0(M +m) £ 2C(M +m)
Mm

w?=0

, 20(M+m)+2C(M+m) 4C(M+m)
@+ = Mm - Mm

4C(M +m)
@+ = Mm

At =

Q1]

2 2C(M +m) £ \/4C2(M + m)% — 16C2Mm

W2 = 2C(M +m) +/4C*(M — m)?

Mm
_ 2C(M +m)+2C(M —m)

Mm
_ 2CM

~ Mm

(1.)2

wy

For acoustic mode, w — 0 when k = 0, so
w_ corresponds to the acoustic mode while w,represents the optical mode
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