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Exercises:

1. In quantum mechanics you often calculate probabilities. Here is something to remind you
on the basic principles:
A six-sided die has the numeral 1 painted on three sides and the numeral 2 painted on
the other three sides. (a) What is the probability of a 1 coming up when the die is thrown?
(b) What is the expectation value of the numeral that comes up when the die is thrown?
(c) What is the expectation value of the cube of the numeral that comes up when the die
is thrown? (5 Points)

2. Even before you get to know the atomic basics of the laser, you can calculate the photon
density!
The wavelength of red light emitted by a 3.00-mW helium-neon laser is 633 nm. If the
diameter of the laser beam is 1.00 mm, what is the density of photons in the beam? Assume
that the intensity is uniformly distributed across the beam. (7 Points)

3. In a series of observations on the displacement of rubber latex spheres of radius 0.212 µm,
the mean square displacements after selected time intervals were on average as follows:

t [s] 30 60 90 120
1012
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x2

〉
[m2] 88.2 113.5 128 144

Find the effective viscosity of water at the temperature of this experiment (25◦C). (8 Points)

4. The interaction of atoms and molecules is described by a potential. The simplest form is
the Lennard-Jones potential which is employed very often in physics for many different
examples. Write down this potential. Suppose the repulsive term in the Lennard-Jones

potential is replaced by an exponential function of the form e−r/d: V = 4ε
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Sketch the form of the potential energy and locate the distance at which it is a minimum.
What is rmin for A = d = 1?


