Physics 406, Spring 2013

Midterm I
April 11, 2013

The five problems are worth 20 points each.

Problem Score
1 20
2 20
3 20
4 20
5 20
Total ,10 0




1. Consider a three-dimensional (3D) crystal with atoms arranged in a bcc
lattice. The lattice spacing is 4 A. Let us assume that each atom
contributes one valence electron that becomes a free electron in the 3D

solid.

a) What is the Fermi energy (in eV) of this 3D solid at T=0?
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b) Please calculate the average energy per electron (in eV) in this solid, at T=0.
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c) At room temperature (T=300K, ksT=0.025 eV), what is the probability that a
state 0.1 eV above the Fermi level is occupied by an electron? What about a

state 1.0 eV above the Fermi level?
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2. Please describe recent developments in the field of nanoelectronics.
Please include some current challenges and future goals in your
description, and use a minimum of 4 sentences in your response.
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3. a) What are the empirical definitions of a metal, an insulator, and a
semiconductor?
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b) What is the criterion, based on the energy band theory, for
distinguishing a metal, an insulator, and a semiconductor? From the point of view

of band structure, how can some divalent elements such as Be or Mg be metals
rather than insulators? (wve)
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c) Please describe the nature of sp® hybridization in materials such as
diamond or Si where each atom is surrounded by 4 other atoms of the same

type.
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4. a) Please sketch the band structure of direct and indirect gap
semiconductors. Describe how the fundamental absorption process
(photon absorption causing electron transitions from valence to conduction
band) can occur in these two classes of materials, and what elementary
absorption events are involved. For a direct gap semiconductor with Eg = 1
eV, estimate the absorption edge (the minimum photon frequency below
which the fuhdamental transition is impossible). Estimate the momentum
carried by a photon with the frequency at the absorption edge.
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b) Please describe how exciton states are formed, and sketch the exciton
level on the band structure diagram. Show photon absorption involving the
exciton level, and explain why it can obscure the fundamental edge.
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5. a) Write down the Schrodinger equation for an electron in a 1D periodic
potential. Use Fourier series expansions of the potential energy and the
wavefunction to derive the central equation. Carefully explain which values
of the wavevector k are permitted by the periodic boundary conditions,
and what further restrictions on the values of k are imposed by the
periodicity of the potential.
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b) Use the Fourier series expansion of the wavefunction to derive the
Bloch theorem (i.e., show that the wavefunction can be written as a
product of a free electron phase factor and uk(x), which has the
periodicity of the lattice).
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