PHY 481/581 - Quiz 2

Name: S ) ‘ Date: 09/28/2018
OV JF! 01§

Problem 1. What are the basic assumptions of the classical Drude free electron model? (hint: there are

three)

Problem 2. Drude theory was fairly decent at modeling some effects in certain situations. An experimen-
tal apparatus for measuring the Hall effect is shown schematically in Fig. 1. Given a constant current,
I, constant magnetic field, B, cross-sectional area through which I flows, Wt, electron charge —e, and
charge carrier density n, determine the Hall voltage, Vi, measured perpendicular to the current flow (in

terms of the given parameters).

Figure 1: Schematic of an experimental apparatus to measure the Hall voltage V.

Problem 3. Explain why Drude theory is limited and how Sommerfeld’s theory was more accurate.

Problem 4. Fermi-Dirac statistics is modeled by the following distribution

1
ngp = ——eﬂ(E—EF) I 17

0]

where Ep is the Fermi energy. Sketch this function for T = 0, and for T' =~ Tg, where T is room

temperature. Make sure to clearly label your plot with axes, etc.

Problem 5. Explain the difference between the two plots in Problem 4, for T' = 0 and T' = Tg. Then,
approximate the low-T" dependence of the electron heat capacity. Hint: assume each electron, that can be

excited, absorbs = kT of heat.

Problem 6. Determine the number of free electron states, N, in a solid of volume, V. Hint: the states

fill one octant of a sphere with a radius, kr, in k-space. Using this expression for N, solve for the Fermi
B2k,
2m

energy, Er =
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