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. To “observe” small objects, one measures the diffraction of particles whose de Broglie

wavelength is approximately equal to the object’s size. Find the kinetic energy (in electron volts)
required for electrons to resolve (a) atomic features of size 0.10 nm, (5 pts.) and (b) give an
example on the tool for the observation. (5 pts.)

What are the deficiencies of Bohr’s model of atom and how does quantum mechanics fix these
deficiencies? (10 pts.)

Solve the Schrodinger equation for a particle in an infinite square well, draw the wave functions
for the first three quantized states, and discuss how the energies of these states are related. (15
pts)

Consider a particle in an infinite square well described initially by a wave that is a superposition
of the ground and first excited states of the well:

W(x,0) = Cly, (x) + 7, (%)]

(a) Derive the value of C by normalizing this wave, assuming %' and ¥: are themselves
normalized. (5 pts.)

(b) Find Y9 at any later time 1. (5 pts.)

(¢) Show that the superposition is not a stationary state, but that the average energy in this state
1s the arithmetic mean (E;+E;)/2 of the ground- and first excited-state energies E; and E,. (5
pIs.) '

An electron and a proton of identical energy encounter the same potential barrier. For which is
the probability of transmission greater, and why? (5 ps.)

Sodium is 2 monovalent metal having a density of 0.971 g/em’, an atomic weight of 23.0 g/mol,
and a resistivity of 4.20 pQ - cm at 300 K. Use this information to calculate (a) the free electron
density; (5 pts) (b) the Fermi energy, Er, at 0 K; (5 pts) (c) the Fermi velocity, vg; (5 pts)

Explain how the energy bands of metal, semiconductors, and insulators account for the facts that
(a) Metals are opaque to visible light. (b) Semiconductors, such as Si and GaAs, are opaque to
visible light but transparent to infrared. (c‘:‘) Insulators, such as diamond and quartz, are
transparent to visible light. (15 pts)

. Discuss the basic assumptions and draw the curves of Maxwell-Boltzmann, Fermi-Dirac, and

Bose-Einstein statistics. How do ’they differ, and what are the similarities? (15 pts)

Constants and formulas:
h=6.626x 103 J.s
e=9.11x 107 kg
c=3x10%m/s
R=1.0974x 10’ m”
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