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. Answer the following ten short questions. Briefly explain your answer (20 Points).

(a) Diamond is a fce structure with a lattice constant (conventional unit cell) of 3.57 A,
calculate the density of diamond.
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(b) The speed of sound of a one-dimensional monatomic lattice chain of Si atoms with a
lattice constant of 5.4 A is 5000 m/s, estimate the spring constant between two adjacent atoms.
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(c) Estimate the first energy level of an electron inside a quantum well of width 20 A with
infinite potential barrier height.
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(¢) The bandgap of a direct-gap semiconductor is 1 eV. What would be the wavelength of a
laser made of this semiconductor utilizing photon emission from the conduction band to the
valence band?
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2 (20 Points).
Treat oxygen as an ideal gas.
answer this question, you need also to cstimate the following:
(a) Average thermal velocity of the oxygen atoms.
(b) Specific heat of oxygen.
(c) Mean free path (taking the cffective diameter of the O, molccule as 2.0 A).

Estimate its thermal conductivity at 800 K and 1 atm. To
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3. (20 Points).

Determine the energy levels of an electron in a finite barrier height potential well as shown in
the following figure.
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4. (20 Points)
The encrgy dispersion relation of a bulk semiconductor is
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Derive an expression for the density of states per unit volume.
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5. (20 Points)
Consider a diatomic chain of atoms as shown in the following figure. The distance between

the two atoms per lattice point is b and the lattice constant i1s a. The masses of the two atoms are
identical but the spring constants between them are different. Derive an expression for the
phonon dispersion in such a diatomic lattice chain.
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