the 1st law of thermodynamics, problem set #2
1) The compression ratio of a diesel engine is 15 to 1; that is, air in a cylinder is compressed to 1/15 of
its initial volume. Use the values CV = 20.8 J/mol · K and γ = 1.40 for air.
a) If the initial pressure is 1.0 × 105 Pa and the initial temperature is 27◦ C, find the final pressure and
the temperature after adiabatic compression.
b) How much work does the gas do during the compression if the initial volume of the cylinder is
1.0 × 10−3 m3 ?

2) The graph in fig. 1 shows a pV-diagram of the air in a human lung when a person is inhaling and
then exhaling a deep breath. Such graphs, obtained in clinical practice, are normally somewhat curved,
but we have modeled one as a set of straight lines of the same general shape. (The pressure shown is the
gauge pressure, not the absolute pressure.)

a) How many joules of net work does this person’s lung do
during one complete breath?
The pressure change is due to changes in the amount of
gas in the lung, not to temperature changes. Think of your
own breathing. Your lungs do not expand because they’ve
gotten hot.
b) If the temperature of the air in the lung remains a reasonable 20◦ C, what is the maximum number of moles in
this person’s lung, nmax , during a breath? Which point in
the graph corresponds to this nmax ?
c) If the temperature only changes from 20◦ C to 37◦ C estimate the change in nmax in part ’b’.
Figure 1: pV-diagram.
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3) The graph in fig. 2 shows a pV-diagram for n = 3.25 mol of ideal helium, He, gas. Part ca of this
process is isothermal.

a) Find the pressure of the He at point a.
b) Find the temperature of the He at points a, b, and c.
c) How much heat entered or left the He during segments ab, bc, and ca? In each segment, did the heat
enter or leave?
d) By how much did the internal energy of the He change from a to b, from b to c, and from c to a?
Indicate whether this energy increased or decreased.

Figure 2: pV-diagram for He gas.
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