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' i (Appendix)
HE L FEF-FY V(AP IV RP TS F2AFEE»EV V)

PBL Problem Set 1 (2018/9)
1. The P-V diagram represents a system consisting of a fixed amount of ideal gas that undergoes
two different processes in going from state A to state B.
In the questions W presents the work done by the system during a process; Q represents the heat
absorbed by the system during a process.
a. Is W for Process #1 greater than, less than, or equal to that for Process #2? Please explain
your answer.
b. Is Q for Process #1 greater than, less than, or equal to that for Process #2? Please explain
your answer.
c. Which would produce the largest change in the total energy of in the system: Process #1,
Process #2, or both process produce the same change?

Process #1 State B

7

/
/

r
, ~ Process #2

Pressure

- -

State A

Volume

2. A gas is initially contained inside an insulated container A, at initial conditions P;, Vi, m,
and 7. These quantities represent pressure, volume, mass, and temperature, respectively. A
valve is then opened which allows the gas to expand freely into an insulated container B, which
is initially empty. After the gas has settled, the final conditions of the gas are P>, V>, m, and 7T>.
In thermodynamics, a process is said to be reversible if it produces no entropy. This means that
the process can happen in the reverse direction. Explain why the process described is or is not

reversible. A Before B

P;, V;, m, T;

A After B

Po, Voom, T
16



PBL Problem Set 2 (2018/10)

1.

For all heat engines, the maximum work output (/) is related to the maximum heat input energy
(Q) by the following equation:

W:Q(l—%)

where T4 is the temperature of the heat source, and 7} is the temperature of the heat sink, which
is the temperature of the "leftover" heat energy after work is extracted from the process. Both
temperatures are in units of Kelvin. The term inside the brackets represents the thermal
efficiency of the process, commonly known as the Carnot efficiency.

In an application involving a Stirling engine (a type of heat engine, shown below), a parabolic
dish is used to concentrate solar energy onto the receiver of the engine. Using the equation
above, why would this produce more power output than using non-concentrated solar energy as
the heat source, collected over the same area as the dish.

A HEAT DRIVE
Stirling Generator
Closed Loop Coeling System

4 1 |
P . ’ PRECISION
DUAL-AXIS
TRACKER
2
3
y >
T o

A Drop Tower is a popular ride in amusement parks. To make the ride as energy efficient as

possible, one can set up an electric motor and regenerative battery system in which energy from
the battery is used to drive the electric motor to lift the riders to the top of the ride. As the riders
descend down the ride, the "falling" energy is used to recharge the battery. Given that friction is

unavoidably present, explain why this ride is an example of an irreversible process.

17



PBL Problem Set 3 (2018/12)

1.

2
3.
4
5

What is the third law of thermodynamics (by the Nernst Statement)

. Why is it possible to measure absolute entropies but not absolute enthalpies?

How many microstates are available to a system at absolute zero (T=0K)?

. What is the entropy of perfectly ordered crystal at T=0K?

Substance A has a higher heat capacity than substance B. Do you expect the absolute entropy of
substance A to be less than, similar to, or greater than that of substance B? Why? As the two

substances are heated, for which substance do you predict the entropy to increase more rapidly?

18
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