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The final exam will focus on general concepts and very simple calculations.
Here are some qualitative questions about concepts.

• Consider a container of a gas. What do we mean by the macrostate of
the gas? What do we mean by the microstate of the gas?

• Explain the difference between a “state” variable and a “path” vari-
able. Illustrate your explanation using the terms in the First Law of
Thermodynamics: ∆E = Q−W .

• In our extended “birdhouse” story, birds could enter or leave a bird-
house either by flying or hopping. Birds would fly from any birdhouse
to any other, but they would only hop from less happy birdhouses to
happier ones. This is a metaphor for thermodynamics. Tell what each
of the following represents: a birdhouse, birds, the population B of a
birdhouse, the net number H of birds that hop into a birdhouse, the
net number F of birds that fly out of a birdhouse, the happiness of
a birdhouse, the First Rule of Birdhouses (∆B = H − F ), and the
Second Rule of Birdhouses (“It never happens that a bird hops out of
a more happy birdhouse and a bird hops into a less happy birdhouse,
and nothing else has any net change”).

• If we allow an ideal gas to freely expand into a larger volume, its tem-
perature does not change. (a) What can we deduce about the internal
energy of an ideal gas? (b) In isothermal expansion, what is the rela-
tion between the work done by the gas (W ) and the heat absorbed by
the gas (Q)?
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• What is a heat engine? Can we have a perfect heat engine—that is,
one that converts all of its heat input into work? Why or why not?

• Write down Boltzmann’s formula for the entropy. Define each term and
explain its meaning.

• When you quickly stretch a rubber band, its temperature increases.
(You saw and felt a demonstration of this.) Explain.

• Shannon’s definition of the entropy of a message is H = log2M , where
M is the number of possible messages. Explain how this is related to
the number of binary digits (“bits”) required to represent the message.
Given an example.

• Explain the fundamental relation between entropy and information.

• In Charles Bennett’s analysis of Maxwell’s demon, why does the demon
fail to violate the Second Law of Thermodynamics? (Your answer
should mention and explain Landauer’s Princple.)

• Jacob Bekenstein concluded that a black hole’s entropy is proportional
to the area of its “surface” (event horizon). Qualitatively describe his
reasoning.

• According to Stephen Hawking, a black hole has a negative heat ca-
pacity. Explain why.

• State and explain three different forms of the Second Law of Thermo-
dynamics.

Here are some numerical/analytical calculations. The exact details of these
may be slightly different on the exam. I will provide any numerical data
(values of constants, etc.) that you need. You should bring a calculator.

• You should be able to work a very simple problem based on the ideal
gas equation of state: PV = νRT = NkT .

• It takes 200 J of energy to boil 1 gram of liquid nitrogen at its boiling
point of 77 K. What is the difference in the entropy of 1 gram of liquid
nitrogen and 1 gram of gaseous nitrogen this temperature?
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• An ideal gas containing N particles at temperature T isothermally
doubles in volume—that is, it expands from V to 2V . Find (a) the work
done by the gas, (b) the heat added to the gas, (c) the change in energy
of the gas, (d) the change in entropy of the gas (in thermodynamic
units), and (e) the change in entropy of the gas in bits. (All of your
answers will be algebraic expressions, of course.)

• For an ideal gas of N particles with total energy E confined to a volume
V , the number of possible microstates is Ω(E, V ) = f(E)V N for some
function f . Show how one can derive the ideal gas law from this fact.

• Jane Austen’s Pride and Prejudice is about 120,000 words in length.
English words average about 5.5 letters in length. Estimate the infor-
mation content of the book in bits.

• We measure the length and width of a rectangle and obtain the follow-
ing experimental results:

L = (35.0± 0.4) cm (1%) W = (13.5± 0.4) cm (3%)

Find the area A = LW of the rectangle and write it in “Kenyon form”
(including uncertainty).
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