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What happens to the internal energy of water vapor in
the air that condenses on the outside of a cold glass of
water? Is work done or heat exchanged? Explain.

Use the conservation of energy to explain why the
temperature of a gas increases when it is quickly
compressed. whereas the temperature decreases when the
gas expands.

In an isothermal process, 3700 of work is done by an
ideal gas. Is this enough information to tell how much
heat has been added to the system? If so, how much?

Is it possible for the temperature of a system to remain
constant even though heat flows into or out of it? If so,
give one or two examples.

Explain why the temperature of a gas increases when it is
adiabatically compressed.

Can mechanical energy ever be transformed completely
into heat or internal energy? Can the reverse happen? In
each case, if vour answer is no. explain why not: if ves,
give one or wo examples.

Can you warm a kitchen in winter by leaving the oven
door open? Can vou cool the kitchen on a hot summer
day bv leaving the refrigerator door open? Explain.
Would a definition of heat
¢ = W/Op be useful? Explain.

engine elficiency as
What plays the role of high-temperature and low-
temperature areas in (@) an internal combustion engine,
and (b) a steam engine?

Which will give the greater improvement in the efficiency
of a Carnot engine. a 10C° increase in the high-
temperature reservoir, or a 10C" decrease in the
low-temperature reservoir? Explain.

The oceans contain a tremendous amount of thermal
(internal) energy. Why. in general. is it not possible to put
this energy to useful work?

A gas is allowed to expand (a) adiabatically and (b) iso-
thermally. In each process, does the entropy increase,
decrease, or stay the same? Explain.
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A pgas can expand to twice its original volume either
adiabatically or isothermally. Which process would result
in a greater change in entropy? Explain.

Give three examples. other than those mentioned in this
Chapter, of naturally occurring processes in which order
goes to disorder. Discuss the observability of the reverse
process,

Which do vou think has the greater entropy, 1 kg of solid
irom or 1 kg of liquid iron? Why?

(@) What happens if you remove the lid of a bottle
containing chlorine gas? (b) Does the reverse process
ever happen? Why or why not? (¢) Can you think of
two other examples of irreversibility?

You are asked to test a machine that the inventor calls an
“in-room air conditioner™ a big box. standing in the
middle of the room. with a cable that plugs into a power
outlet. When the machine is switched on, vou feel a
stream of cold air coming out of it. How do vou know
that this machine cannot cool the room?

Think up several processes (other than those already
mentioned) that would obey the first law of thermody-
namics, but, if they actually occurred, would violate the
second law.

Suppose a lot of papers are strewn all over the floor; then
you stack them neatly. Does this violate the second law of
thermodynamics? Explain.

The first law of thermodynamics is sometimes whimsi-
cally stated as, “You can’t get something for nothing.”
and the second law as, “You can't even break even.”
Explain how these statements could be equivalent to the
formal statements.

Entropy is often called “time’s arrow™ because it tells us
in which direction natural processes occur, If a movie
were run backward, name some processes that you might
see that would tell you that time was “running backward.”
Living organisms, as they grow. convert relatively simple
food molecules into a complex structure. Is this a
violation of the second law of thermodynamics?

1 and 15-2 First Law of Thermodynamics

(I) An ideal gas expands isothermally. performing
3.40 % 10°J of work in the process. Calculate (a) the
change in internal energy of the gas, and (h) the heat
absorbed during this expansion.

. (I) A gas is enclosed in a cylinder fitted with a light fric-

tionless piston and maintained at atmospheric pressure.
When 1400 keal of heat is added to the gas, the volume is
observed to increase slowly from 12.0m* to 182 m?
Calculate (a) the work done by the gas and (h) the
change in internal energy of the gas.

. (I) One liter of air is cooled al constant pressure until its

volume is halved, and then it is allowed to expand
isothermally back to its original volume, Draw the process
on a PV diagram.

6.

(1) Sketch a PV diagram of the following process: 2.0 L of
ideal gas at atmospheric pressure are cooled at constant
pressure to a volume of 1.0 L, and then expanded isother-
mally back to 2.0 L, whereupon the pressure is increased
at constant volume until the original pressure is reached.
(ITy A 1.0-L. volume of air initially at 4.5 atm of (absolute)
pressure is allowed to expand isothermally until the pressure
is 1.0atm. It is then compressed at constant pressure to its
initial volume. and lastly is brought back to its original
pressure by heating at constant volume. Draw the process
on a PV diagram, including numbers and labels for the axes.
(1) The pressure in an ideal gas is cut in half slowly, while
being kept in a container with rigid walls. In the process.
265 kJ of heat left the gas. (a) How much work was done
during this process? (b) What was the change in internal
energy of the gas during this process?
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