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1. Prob. 5.4.

2. Prob. 5.8.
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dT
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3. Prob. 5.11.

4. Two copper blocks with the same mass are at T1 and T2 (T1 > T2). When the two
blocks are put together and allowed to reach thermal equilibrium, they will reach the final
temperature T IR

f = (T1 + T2)/2, and this process is irreversible. Suppose that a Carnot
engine is inserted between the two bodies and put them into thermal equilibrium through
a reversible process.

(a) Show that the final equilibrium temperature is TR
f =

√
T1T2. Assume that the heat

capacity of each copper block CP is independent of temperature in the relevant temperature
range.
(b) Show that the total amount of work produced in this process is W = 2CP (T

IR
f − TR

f ).
(c) Show that the average efficiency of the Carnot engine in the reversible process is

< η >= 1−
√
T2√
T1

.

5. Prob. 5.14.

6. Consider n mole of an ideal gas, initially confined in a volume V at temperature T . The
gas is expanded to a total volume αV (α > 1) in two different ways: (i) through a reversible
isothermal process, (ii) free expansion by removing the compartment. Derive an expression
for the change of entropy for each case.
dS = 1

T
dU + P

T
dV . In each case one of the two terms do not contribute.

7. A large reservoir at temperature Tr is placed in thermal contact with a small system at
temperature Ts (T[r > Ts). After a while the system reaches Tr (thermal equilibrium). The
heat transferred from the reservoir to the system is

Q = C(Tr − Ts)

assuming the heat capacity of the system is temperature independent. Calculate the
entropy change in the reservoir ∆Sr, in the system ∆Ss, and the universe ∆Suniv.

8. Let us consider a Carnot engine (left) operating between two heat reservoirs at T1 and
To (T1 > To). This engine absorbs heat Q from the hot reservoir. The efficiency of the
engine is 1 − To/T1. Let us modify the engine slightly as shown in the figure (right) by
inserting a conducting bar between two reservoirs at T1 and T

′
1 (< T1). This heat transfer
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is irreversible. Consider the heat reservoir T1 and the engine as an isolated system (universe).

(a) What is the work produced from the engine W
′
in a cycle? What is the change in the

entropy of the universe?
(b) Now you see that there is a direct relationship between the difference in work produced
(∆W = W −W

′
) and the difference in the entropy change. This result is often called the

degradation of energy.

FIG. 1:
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