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Problem 1: Basics

a) Explain, in your own words, what an observational state of matter is. Why is the microscopic,
dynamic state of a large number of particles not observational?

b) What is a microstate? What is a macrostate?

c) Explain why, in a statistically regular trial, a system that is always in the same observational
state O after the preparation period can end up in different observational states at a later
time t > 0, when the actual observation is made.

Problem 2: Phase space

We consider a system of 1000 CO2 molecules in a cubic box with 100 nm side length at a
temperature of 298 K.

a) What is the number of degrees of freedom of this system?

b) Compute the pressure in the box according to the ideal gas law. Discuss whether this
approximation makes sense and whether this value of the pressure could be measured.

c) You can observe the system once per microsecond. Assume that the distribution of the
molecules is random and uncorrelated between subsequent observations. Give an estimate
for the total observation time that it will take before you once find all CO2 molecules in the
left half of the box.

d) Now assume that the box is perfectly isolated. Is the whole phase space accessible?
Hint: An isolated system has constant energy. Consider the consequences of this property
for phase space variables.

Problem 3: Probability

We throw dice.

a) Your are throwing a single fair die. You have just encountered three sixes in a row (the
probability for this is (1/6)3). What is the probability that the fourth throw also yields a
six? Is dice throwing an ergodic process?

b) You are throwing two fair dice, one after the other. What are the probabilities for en-
countering the possible sums of 2, 3, . . . 12? If the first die shows a three, what are those
probabilities then?

c) You are throwing three fair dice. How many ways you can realize the sum of 11, if i) the
dice are distinguishable (red, green, and blue) or ii) indistinguishable (all black).
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d) Person A has thrown three fair dice. She tells you and another person (B) that the sum
shown by all three dice is 11. Now you and person B will bet against each other. You can
either bet that none of the three dice shows a 3 or that one of the dice does show a 3. Which
side of the bet should you take? What are your odds?
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