PHY 481/581 - SoLID STATE PHYSsIcs - Quiz 1

Name: , , Date: 09/17/2018
OloTioNS

Problem 1. In class, we discussed three models of solids in order to explain the origin of the heat capac-
ity per atom, C,,: (a) Boltzmann (classical), (b) Einstein (quantum), and (c¢) Debye (quantum). Briefly

describe the difference in the three models in words and how these models compare to experiments.

Problem 2. The plot in Fig. (1) shows experimental data for the molar heat capacity of diamond as
the points on the plot. The dashed curve is Einstein’s model of solids. Briefly explain why the curve for

low temperature, 7', does not match the data well. That is, the curve is below the data points at low 7.
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Figure 1: The molar heat capacity on the vertical axis, and the horizontal axis is normalized temperature.

Data for diamond is shown as the points on the plot. The dashed line is from Einstein’s model.

Problem 3. Given the expectation value of energy for the 3D quantum harmonic oscillator

1
(B) = 3hw(np(Bhw) + 5 ), (1)
where np is the Bose occupation factor given by,
1
nB(IBhw) = eBhw _ 1’ 2)

determine the heat capacity, C, per atom of a solid made from quantum harmonic oscillators.
Problem 4. Using your derived equation for C, determine what the high-T" limit is.

Problem 5. For the Debye model of solids, we determined that the specific heat now takes on the form,

ort (7Y
c=""RrlL ], 3
a7 o
where R is the universal gas constant, and T,; = fiwg/ky is the Debye temperature. Clearly, from Fig. (1),
a temperature dependence of 7' cannot hold for all 7. Given a density of states g(w) = 3Vw?/(2mv?),

where V' and v are the volume of the solid and speed of sound, respectively, what is the maximum fre-

quency for which the C o< T3 law holds?
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