An important statement of the second law of thermo-
dynamics is that the entropy of an isolated system may
increase but can never decrease. When a system interacts
with its surroundings, the total entropy change of system
and surroundings can never decrease. When the interac-
tion'involves only reversible processes, the total entropy
is constant and AS = 0; when there is any irreversible
process, the total entropy increases and AS > 0.
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Entropy and microscopic states:: When a system is in a
particular macroscopic state, the particles that make up
the system may be in any of w possible microscopic
states. The greater the number w, the greater the
entropy. (See Example 20.11.)

S = klnw
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Entropy Changes: Cold Ice in Hl}t:’ln‘ﬁfé_?g;_h

An insulated container of negligible mass holds 0.600 kg of water
at 45.0°C. You put a 0.0500-kg ice cube at —15.0°C in the water.
(a) Calculate the final temperature of the water once the ice has
melted. (b) Calculate the change in entropy of the system.

SOLUTION GUIDE

See MasteringPhysics® study area for a Video Tutor solution. ‘ Mi )

IDENTIFY and SET UP

1. Make a list of the known and unknown quantities, and identify
the target variables.

2. How will you find the final temperature of the ice—water mix-
ture? How will you decide whether or not all the ice melts?

3. Once you find the final temperature of the mixture, how will
you determine the changes in entropy of (i) the ice initially at
—15.0°C and (ii) the water initially at 45.0°C?

EXECUTE

4, Use the methods of Chapter 17 to calculate the final tempera-
ture T. (Hint: First assume that all of the ice melts, then write

Problems

an equation which says that the heat that flows into the ice
equals the heat that flows out of the water. If your assumption is
correct, the final temperature that you calculate will be greater
than 0°C. If your assumption is incorrect, the final temperature
will be 0°C or less, which-means that some ice remains. You’ll
then need to redo the calculation to account for this.)

5. Use your result from step 4 to calculate the entropy changes of
the ice and the water. (Hins: You must include the heat flow
associated with temperature changes, as in Example 20.6, as
well as the heat flow associated with the change of phase.)

6. Find the total change in entropy of the system.

EVALUATE
7. Do the signs of the entropy changes make sense? Why or why
not?

For instructor-assigned homewark, go to Master‘ingF‘hysics@. ( MP)

*, »=, ===: Problems of increasing difficulty. CP: Cumulative problems incorporating material from earlier chapters. CALE: Problems

requiring calculus. Ell: Biosciences problems.

DISCUSSION QUESTIONS

B20.1 A pot is half-filled with water, and a lid is placed on it,
forming a tight seal so that no water vapor can escape. The pot is
heated on a stove, forming water vapor inside the pot. The heat is
then turned off and the water vapor condenses back to liquid. Is
this cycle reversible or irreversible? Why?
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020.2 Give two examples of reversible processes and two exam-
ples of irreversible processes in purely mechanical systems, such
as blocks sliding on planes, springs, pulleys, and strings. Explain
what makes each process reversible or irreversible.

020.3 What irreversible processes occur in a gasoline engine?
Why are they irreversible?
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020.4 Suppose you try to cool the kitchen of your house by leav-
ing the refrigerator door open. What happens? Why? Would the
result be the same if you left open a picnic cooler full of ice?
Explain the reason for any differences.

A20.5 A member of the U.S. Congress proposed a scheme to pro-
duce energy as follows. Water molecules (H->O) are to be broken
apart to produce hydrogen and oxygen. The hydrogen is then
burned (that is, combined with oxygen), releasing energy in the
process. The only product of this combustion is water, so there is
no pollution. In light of the second law of thermodynamics, what
do you think of this energy-producing scheme?

020.6 Is it a violation of the second law of thermodynamics to
convert mechanical energy completely into heat? To convert heat
completely into work? Explain your answers.

020.7 Imagine a special air filter placed in a window of a house.
The tiny holes in the filter allow only air molecules moving faster
than a certain speed to exit the house, and allow only air molecules
moving slower than that speed to enter the house from outside.
Explain why such an air filter would cool the house, and why the
second law of thermodynamics makes building such a filter an
impossible task.

@20.8 An electric motor has its shaft coupled to that of an electric
generator. The motor drives the generator, and some current from
the generator is used to run the motor. The excess current is used to
light a home. What is wrong with this scheme?

020.9 When a wet cloth is hung up in a hot wind in the desert, it is
cooled by evaporation to a temperature that may be 20 C° or so
below that of the air. Discuss this process in light of the second law
of thermodynamics.

020.10 Compare the pV-diagram for the Otto cycle in Fig. 20.6
with the diagram for the Carnot heat engine in Fig. 20.13. Explain
some of the important differences between the two cycles.

020.11 If no real engine can be as efficient as a Carnot engine
operating between the same two temperatures, what is the point of
developing and using Eq. (20.14)?

020.12 The efficiency of heat engines is high when the tempera-
ture difference between the hot and cold reservoirs is large. Refrig-
erators, on the other hand, work better when the temperature
difference is small. Thinking of the mechanical refrigeration cycle
shown in Fig. 20.9, explain in physical terms why it takes less
work to remove heat from the working substance if the two reser-
voirs (the inside of the refrigerator and the outside air) are at nearly
the same temperature, than if the outside air is much warmer than
the interior of the refrigerator.

020.13 What would be the efficiency of a Carnot engine operating
with Tjy = T? What would be the efficiency if 7o = 0 K and Tj;
were any temperature above 0 K? Interpret your answers.

020.14 Real heat engines, like the gasoline engine in a car, always
have some friction between their moving parts, although lubricants
keep the friction to a minimum. Would a heat engine with com-
pletely frictionless parts be 100% efficient? Why or why not? Does
the answer depend on whether or not the engine runs on the Carnot
cycle? Again, why or why not?

020.15 Does a refrigerator full of food consume more power if the
room temperature is 20°C than if it is 15°C? Or is the power con-
sumption the same? Explain your reasoning.

820.16 In Example 20.4, a Camot refrigerator requires a work
input of only 230 J to extract 346 J of heat from the cold reservoir.
Doesn’t this discrepancy imply a violation of the law of conserva-
tion of energy? Explain why or why not.

020.17 Explain why each of the following processes is an exam-
ple of increasing disorder or randomness: mixing hot and cold
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water; free expansion of a gas; irreversible heat flow; developing
heat by mechanical friction. Are entropy increases involved in all
of these? Why or why not?

020.18 The free expansion of a gas is an adiabatic process and so
no heat is transferred. No work is done, so the internal energy does
not change. Thus, Q/T = 0, yet the disorder of the system and
thus its entropy have increased after the expansion. Why does Eq.
(20.19) not apply to this situation?

020.19 Are the earth and sun in thermal equilibrium? Are there
entropy changes associated with the transmission of energy from
the sun to the earth? Does radiation differ from other modes of
heat transfer with respect to entropy changes? Explain your rea-
soning.

020.20 Discuss the entropy changes involved in the preparation
and consumption of a hot fudge sundae.

020.21 If you run a movie film backward, it is as if the direction of
time were reversed. In the time-reversed movie, would you see
processes that violate conservation of energy? Conservation of lin-
ear momentum? Would you see processes that violate the second
law of thermodynamics? In each case, if law-breaking processes
could occur, give some examples.

020.22 BID Some critics of biological evolution claim that it vio-
lates the'second law of thermodynamics, since evolution involves
simple life forms developing into more complex and more highly
ordered organisms. Explain why this is not a valid argument
against evolution.

020.23 BID A growing plant creates a highly complex and organ-
ized structure out of simple materials such as air, water, and trace
minerals. Does this violate the second law of thermodynamics?
Why or why not? What is the plant’s ultimate source of energy?
Explain your reasoning.

EXERCISES

Section 20.2 Heat Engines
20.1 = A diesel engine performs 2200 I of mechanical work and
discards 4300 ] of heat each cycle. (a) How much heat must be
supplied to the engine in each cycle? (b) What is the thermal effi-
ciency of the engine?

20.2 - An aircraft engine takes in 9000 J of heat and discards
6400 J each cycle. (a) What is the mechanical work output of the
engine during one cycle? (b) What is the thermal efficiency of the
engine?

20.3 = A Gasoline Engine. A gasoline engine takes in 1.61 X
10* T of heat and delivers 3700 J of work per cycle. The heat is
obtained by burning gasoline with a heat of combustion of
4.60 % 10* J/g. (a) What is the thermal efficiency? (b) How much
heat is discarded in each cycle? (¢} What mass of fuel is burned in
each cycle? (d) If the engine goes through 60.0 cycles per second,
what is its power output in kilowatts? In horsepower?

204 - A gasoline engine has a power output of 180 kW (about
241 hp). Its thermal efficiency
is 28.0%. (a) How much heat
must be supplied to the engine
per second? (b) How much heat
is discarded by the engine per
second? a
20.5 *+ The pV-diagram in
Fig. E20.5 shows a cycle of
a heat engine that uses 0250 |51~ b
mole of an ideal gas having : !

y = 1.40. The curved part ab 0 0.0020 0.0090

Figure E20.5

p (atm)

V(ma)
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