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Problemal Linear chain with mth nearest-neighbor interactions

Reexamine the theory of the linear chain, without making the assumption that only nearest
neighbors interact, using as harmonic energy the following,

phe = S 2 Ko (ufna] —ul(n + m)a]}?.

n m>0

(a) Show that the originally obtained dispersion relation,
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must be generalized to
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(b) Show that the long-wavelenght limit of the dispersion relation
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must be generalized to:
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Problema?2 Diatomic linear chain

Consider a linear chain in which alternate ions have mass M; and M, and only nearest
neighbors interact.

(a) Show that the dispersion relation for the normal modes is

K
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Problema 4 2

(b) Discuss the form of the dispersion relation and the nature of the normal modes when
My > M.

(c) Compare the dispersion relation with that of the monoatomic linear chain,

w(k) = \/2K(1—Cos/~m) _s K
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when M1 ~ Mg.
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Problema3 Specific heat for different limits of T

Derive the behaviour of ¢, for both the low— and high—temperature regime, under the
following approaches:

(a) Debye model,

_ onk T S/QD/T et dx
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(b) Einstein model,

Problema4 wvan Hove singularities

In a linear harmonic chain with only nearest-neighbor interactions, the normal-mode dis-

persion relation has the form,

k
Sen—a ,

w(k) = wo 5

where the constant wy is the maximum frequency (assumed when k is on the zone boundary).
Show that the density of normal modes (phonons) in this case is given by

2
IJ(w) = ——F———.
@) Tay/wi — w?
The singularity at w = wp is a van Hove singularity.
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