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These problems are designed to supplement the practice exams in the areas I felt might be lacking. They
aren’t necessarily representative of the kind of questions you’ll see on the final, but should provide valuable
problem solving practice. Unlike the last review sheet, I haven’t emphasized every topic that will be on the
exam, and have organized the questions of each section in more or less the order they should be worked.
The sections themselves, delimited by the large bold text, are in no particular order. Justify each of your
answers in detail.

1 Gassed

1.1 Rapid Fire

1. What do we assume when making the ideal gas approximation?

2. What relationship dictates the behavior of an ideal gas?

3. Suppose a gas with relatively light molecules. Does the ideal gas law apply for very high T? For
very low T? For very high P? For very low P? Talk about which assumption made in the ideal gas
approximation is contradicted in each case where the ideal gas law will not apply.

4. For a general quasi-static process involving an ideal gas whose number of molecules does not change,
what quantity remains constant?

5. What is the expression for the density of an ideal gas composed of molecules with molar mass M?
Convince yourself that you can obtain this from the ideal gas law.

6. How is the temperature of a gas related to the average kinetic energy of a monatomic gas molecule?
What if the gas molecule were diatomic?

7. Use the result from the last question to obtain an expression for the rms speed of a diatomic gas
molecule of mass m.

1.2 Some Quick Examples

1. If the temperature of a gas remains constant, is its density constant?

2. The volume of an ideal gas is tripled while its temperature is halved. By what factor does the pressure
change?

3. By what factor would one have to increase the absolute temperature to triple the rms speed of an ideal
gas?

4. What is the volume of one molar of an ideal gas? This is known as the ”molar volume” of an ideal
gas. Does it depend on what kind of gas we’re dealing with?
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1.3 True or False?

Justify each of your answers thoroughly.

Helium and Argon A vessel contains equal masses of helium gas and argon gas. The gases are at thermal
equilibrium. Recall that an atom of argon is more massive than an atom of helium.

1. The partial pressure exerted by each of the two gases on the walls of the container is the same.

2. The average speed of a helium atom is the same as that of an argon atom.

3. The number of helium atoms and the number of argon atoms in the vessel are the same.

4. The average kinetic energy of a helium atom is equal to the average kinetic energy of the argon atom.

5. The total kinetic energy of all the argon atoms is greater than the total kinetic energy of all the helium
atoms.

Three Vessels This Time Three identical flasks are filled with H2, O2, and Ne, respectively. The flasks
are all at the same temperature and pressure.

1. Each flask has the same number of gas molecules.

2. The average speed of the gas molecules is the same in each flask.

3. The average kinetic energy of the gas molecules is the same in each flask.

4. The density of the gas in each container is the same.

2 Everything Thermodynamics

You’ve analyzed PV diagrams until your eyes bled... So how about some more? Really, every thermodynamics
problem comes down to the following four equations (written below in their differential and integrated forms):

dU = d̄Q−d̄W dU = nCvdT d̄W = pdV pV = nRT
∆U = Q−W ∆U = nCv∆T W =

∫
pdV wat more do u want

Note that there isn’t an expression above for Q! While experimentally, Q and W are the easiest quantities
to measure, in problem solving Q has no closed form and thus can rarely be computed directly. In general
for problems involving PV diagrams, you should compute ∆U and W first, then obtain Q using the first law.

2.1 Some Brief Conceptual Questions

1. Describe briefly where the first three relations (above) come from.

2. When can you say, as you so desperately want to, that Q = nCv∆T? (Hint: Not always!)

3. Does ∆U generally depend on the path taken from some state A to state B? What about W?

4. Explain what the following terms mean when describing a process: isothermal, isobaric, adiabatic,
isochoric.

5. Label each of the processes shown in Figure 1 with one of the above terms (there is one of each). The
diagrams are drawn ”to scale”, though A and B refer to different states from diagram to diagram.

6. What quantity (or quantities) remain constant in each process?

2.2 PV Boot Camp

Compute for each process in Figure 1 ∆U , Q, and W . Describe in words what is happening to the gas (or
what the gas is doing) in each case. Assume the gas is diatomic (that is, has 5 excited degrees of freedom).
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Figure 1: For problems 2.1 and 2.2 (α, β are constants)

Figure 2: For problem 2.4

2.3 Worth Mention: Adiabatic Processes

Sometimes, problems will refer to a system that is ”thermally isolated.” This simply means that the process
occurs adiabatically.

1. What does the word adiabatic mean?

2. Under what realistic circumstances do adiabatic processes occur? Can you explain why this is?

3. What quantity or quantities are constant for an adiabatic process? Do you know the starting point to
derive this? (Don’t go through with the derivation unless you’re out of other material)

4. There is for an adiabatic process a relationship between P and V , between T and V , and between T
and P . Convince yourself that you can start with one and obtain the others using the ideal gas law.

2.4 Feel the Heat... Engines

Fridenginatorators What is a heat engine? What is a refrigerator? Determine whether each process in
Figure 2 is a heat engine or a refrigerator.

What’s Your Sign? For each of the cyclic processes in Figure 2, determine the signs of W , Q, and ∆U
over one whole cycle. No calculations allowed! Do the same for just the upper half of the circle in (2).

The PV Game for an Engine It goes the same as before. Compute ∆U , W , and Q explicitly for one
cycle of the triangular process in Figure 2.

Efficient AF In general, the efficiency is defined as the ratio of the ”benefit” (the thing you want from
your process) to the ”cost” (the thing you have to spend to obtain the benefit). The efficiency of a heat
engine, a process designed to do work at the input of heat, is thus defined as e = Wnet/Qin. Why can this
be written as e = (Qin +Qout)/Qin?

Don’t Be A Square Compute e for a cycle of (1), the square process, shown in Figure 2.
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Figure 3: The Carnot Cycle

Figure 4: For Problem 3

The Carnot Cycle: The Most Efficient Heat Engine The Carnot Cycle is shown in Figure 3. The
processes from A to B and from C to D are isothermic at temperatures TH and TC , respectively, and the
processes from B to C and from D to A are adiabatic. Show that the efficiency of the Carnot engine is

ecarnot =
TH − TC
TH

If you feel stuck, label the volumes at each point with VA, VB , etc. They’ll cancel out in the end!

3 Harmonic Oscillators

For this problem, refer to Figure 4.

3.1 Rapid Fire SHO

1. At what point(s) is the acceleration of the block the greatest in magnitude?

2. At what point(s) is the block’s speed the greatest?

3. At what speed does the block cross point (iii)?

3.2 Meatier SHO Questions

1. Answer the following for x = (iii), and then for x = (v): If I slap a hunk of clay straight down (that
is, with no horizontal velocity) onto the mass at point x, does the amplitude of oscillation increase,
decrease, or neither? What about the period of oscillation?

2. In the above situation, is there a mass of clay I can add to halve the amplitude of oscillation? To halve
the frequency? Solve for these masses if they exist.

3. What is the general equation of motion for any old harmonic oscillator?

4. Use the initial conditions to determine explicitly the equation of motion (x(t)) of the box.

5. What is the smallest time t0 such that the system has equal kinetic and spring potential energy?
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