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Planck’ s constant: i = 1.06 X 10734Js, h = 6.63 x 1073*Js.  Speed of light: ¢ = 3.00 x 10°m/s.
Boltzmann constant: kg = 1.38 X 10723 J/K. Charge of electron: —e = 1.60 X 10-19¢.
Mass of electron: m, = 9.11 x 1073 kg, 1) = 6.24 x 108V,

1. [40 points] Short answer questions
1.1 {6 points] Describe briefly the Stern-Gerlach experiment for the measurement of the magnetic moments of
atoms, and discuss the significance of the results.
1.2 [4 points] Explain Larmor precession.
1.3 [5 points) Which of the following are characteristics about the quantum harmonic oscillator? Choose all that
apply.
1. Evenly spaced cnergy states
II. The potential energy function is,Symmetric about the origin in the position coordinate
III. The ground state has zero kinetic energy
1V. The probability of finding the particle outside the classically ailowed range 1s nonzero
V. The ground state energy is zero

1.4 [4 points] For a single quantum harmonic oscillator that has an angular frequency w. At temperature T, what
1s the partition function?
1.5 [6 points] Write down the distribution function for photons and fermions, respectively.

Questions 1.6 - 1.8 refer to the photoclectric
effect and the figure on the right. For an
experiment observation, the stopping potential
was plotted versus the light frequency, as shown
in the figure. The best straight lineswas fitted to
the experimental points.
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1.6 {4 points] In an experimental observation of the photoelectric effect, docs increasing the light amplitude
change the stopping potential?

1.7 [5 points] What is the physical interpretation of the horizontal intercept?

1.8 [6 points] What is physical interpretation of the slope of the line?
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[20 points)] A particle in the infinite square well has the wave function, P(x) = {A—S’—_'ai), a<x<bh
0, otherwise
2.1 [0 points] Sketch ¥ and determine the constant A in terms of a,b.

2.2 [ 10 points] What is the probability of finding the particle to the left of a?

[ 10 points] An electron has a speed v=0.85 ¢ , c is the speed of light. Find its total energy and kinetic energy in
electron volts.

[10 points] A free particle of mass m and ef€rgy E_is Teying from x = — {0 X = 00, There is a
potential step V, where V < E, for x ='0.Find the transmission and reflection coefficients for the particle
in the one-dimensional step potential.

0

[20 points) There are N free electrons in a metal of volume V and the temperature is at absolute zero. It 1s
also known that the distribution of the free electron energy can be described by the density of the electron energy

3/2
levels g(e) = B—m-/%—Li?, Where € \is'the (kinetic) energy of the freé electronénd g(e)de is the number of

electronic energy levels (including both spins) between € and e+ de, m the mass of electron, and h the

Planck’ s constant. '

5.1 [0 points} Calculate the highest energy level (called Fermi energy) ¢ of the electron in the metal in
terms of N, V and m.

5.2 [10 points] What is the total encrgy-of.allthe N cleetrons.in the metal as expressed in terms of N and
€7 What is the average electron energy?
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