2. [15pts]| Initially, a container of volume V' contains n moles of helium gas at a pressure
P. Suppose the pressure is of the gas is increased to 4P while the volume is unchanged.

a) By what factor does the kinetic energy of the helium atoms change? [4 pts]

(¢) By what factor does the most probable speed of the atoms change? [2 pts]

(a)

(b) By what factor does the root-mean-square (rms) speed of the atoms change? [2 pts]
)
)

(d) On the same (labeled) axes, sketch the distribution of molecular speeds for each
pressure. Label the most probable speed and the rms speed on each distribu-

tion. [7 pts]
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3.

[23pts] An idealized diesel engine operates in the cycle shown. Fuel is sprayed into
the cylinder at the point of maximum compression, B. Combustion occurs during the
expansion B — C, which is modeled as an isobaric process. The gas in the cycle has
n moles, a molar heat capacity at constant pressure of Cp, and a molar heat capacity
at constant volume of C,, and ratio . Ty, T, Tc, and Tp are the temperatures at

points A, B, C, and D, respectively.

(a) What is the heat transferred to the gas in processes C — D and A — B? [2 pts]
(b) Show that the efficiency of an engine operating in this cycle is [5 pts]

1 (TD — TA>
g
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(c) What is the entropy change in the process B — C? [3 pts]

(d) What is the entropy change in the process D — A? [3 pts]

(e) Show that [5 pts]
Tp Te\"
2= (z)
(&
(f) Using your results from (d), (e), and @’/i , find/confirm the net change in entropy
of the working fluid going clockwise around the cycle from A — A. [5 pts]
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—Extra Workspace—
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3. Consider a gas of identical molecules, each with mass mg, in thermal equilibrium at
temperature, T

(a) Sketch the distribution of molecular speeds and label the most probable speed for
a gas molecule on it. [4 pts]

(b) Starting from the Maxwell-Boltzmann speed distribution, find an expression for
the most probable speed of a gas molecule. [5 pts]

(c) What is the the root-mean-square (rms) speed for the gas and how does the rms
speed relate to the most probable speed? [2 pts]
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4. A sample of a diatomic ideal gas with specific heat ratio 1.40, confined to a cylinder,
is carried through a closed cycle. The gas is initially at pressure Fy and volume Vj.
First, in step 1, its pressure is tripled under constant volume. Then, in step 2, it

expands adiabatically to its original pressure. Finally, in step 3, the gas is compressed
isobarically to its original volume.

(a) Draw a PV diagram of this cycle, labeling the steps. [4 pts]

(b) Find an expression for the volume of the gas at the end of the adiabatic expansion
in terms of Vj. [3 pts]

(c) Assuming that there are n moles of gas in the sample, find expressions for the
temperatures of the gas at the start of the adiabatic expansion, at the end of the
expansion, and at the end of the cycle. [4 pts]

(d) During which of the three steps does heat enter the gas? During which of the
three steps does heat leave the gas? [2 pts]

(e) If the cycle is used as a heat engine, what is the engine’s efficiency? (Find a
numerical value.) [7 pts]

(f) How does that compare to the efficiency of a Carnot engine operating between
the same temperature extremes? (Find the Carnot engine’s efficiency.) [3 pts]
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—Extra Workspace—
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