
Physics 110 homework assignment #4
due Friday, 14 October 2011

Here are more problems about the idea of entropy.

(1) A nuclear power plant draws heat from a nuclear reactor at 500◦C, gen-
erating electrical power (a form of work) and expelling waste heat into
the surrounding environment at 20◦C. What is the maximum possible
efficiency η for the power plant?

(2) During one cycle of its operation, a certain refrigerator extracts 1000
J of heat energy from its interior (at 0◦C) and expels some amount
of waste heat into the surrounding environment (at 25◦C). What is
the minimum amount of heat that could be expelled? What is the
minimum amount of work input needed to operate the refrigerator?

(3) One liter of an ideal gas at 100 kPa pressure and an absolute temperature
of 300 K is compressed adiabatically until it only occupies one-quarter
of a liter. Find the final pressure and temperature of the gas if it is (a)
neon, with a molar specific heat of 1.5R, or (b) dry air, with a molar
specific heat of 2.5R, or (c) hydrogen sulfide, with a molar specific heat
of 3.1R.

(4) Just as we can sketch a process for a PVT system as a curve in the PV
plane, so we can sketch it as a curve in the TS plane, a 2-D diagram
with absolute temperature T on the vertical axis and entropy S on
the horizontal axis. Show that the area under the curve is exactly Q,
the heat absorbed by the system during the process. If the system
undergoes a cyclic process, what is the significance of the area enclosed
in the closed curve in the TS plane?

(5) The Carnot cycle for an ideal gas consists of four stages: (a) isothermal
expansion, (b) adiabatic expansion, (c) isothermal compression, and
(d) adiabatic compression. Draw the Carnot cycle on the TS plane of
problem (4).
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