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1 Einstein Solid

Due Date: 09/14/18

(1.1) Classical Einstein (or “Boltzmann’) Solid: Consider a three dimensional classical simple harmonic

oscillator with mass m and spring constant , which is the same for all three directions. The Hamiltonian is

given by
H= %;m? + e M
(a) Calculate the classical partition function
— [ s [ dzepi @
(2mh)3

(b) Using the partition function, calculate the heat capacity, which gives 3kp.

(c) Conclude that if a solid consists of /N atoms, all of which are in harmonic wells, then the heat capacity

should be 3Nkp = 3R, where R is the “gas constant,” in agreement with the law of Dulong and Petit.
(1.2) Quantum Einstein Solid: Now consider the harmonic oscillators having quantized energy values
Ep = hw(3 +n), 3)
where n > ( is an integer.

(a) Calculate the quantum partition function

Z=> e Fbr )

where the sum over n is for all eigenstates.
(b) Find an expression for the heat capacity.
(c) Show that the high temperature limit agrees with the Dulong-Petit law.

(d) Sketch the heat capacity as a function of temperature.
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