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1 Schottky anomaly
Consider a solid, which has N atoms, and each of them has two energy levels, with eigenenergies ∆

and −∆. The atoms are independent on each other.

(a) Calculate the mean energy, and the heat capacity cV = dE/dT . Hint: the result is analogous
to the our previous problems on the quantum spin in a magnetic field.

(b) What is the behavior of the heat capacity for kT � ∆ and kT � ∆?
(c) Sketch a plot of cV (T ) based on these two limits (no computer plot!).
(d) Discussion: Read about the Schottky anomaly and name some materials, where it is observed.

2 Specific heat of a glass material
Consider a solid from the previous Problem with a modification. The solid is disordered (e.g. a
glass), so that the values of ∆ are random. We assume they are uniformly distributed in the interval
0 ≤ ∆ ≤ ∆0. Obviously, 2∆0 is a maximal excitation gap of the atom.

(a) Use the expression for the inner energy of a single atom and perform an average over ∆. Focus
on the limit of low temperatures, when β∆ � 1. Hint: Approximate tanh(β∆) ≈ 1− 2e−β∆.

(b) Calculate the heat capacity of the glass and show, that it is linear in T at low temperatures,
apart from terms which are exponentially small. Compare this behavior to other paradigmatic
models of solids.

3 Diffraction from a linear diatomic chain
Consider a line of atoms . . .ABABAB. . . with AB bond length 1

2a. The atomic form factors are fA
and fB, respectively. The incident beam of x-rays (wavelength λ) is perpendicular to the line.

(a) Show, that the (constructive) interference condition is nλ = a cos θ, where θ is the angle
between the diffracted beam and the line.

(b) Show, that the intensity of the diffracted beam is proportional to |fA − fB|2 for n odd and
|fA + fB|2 for n even. What happens if fA = fB?

Literature: Kittel.
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