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BRIDGING PROBLEM Gas on Jupiter's Moon Europa 

An astronaut visiting Jupiter's satellite Europa leaves a canister of 
1.20 mol of nitrogen gas (28 .0 gf mol) at 25.0°C on the satellite's 
surface. Europa has no significant atmosphere, and the accelera­
tion due to gravity at its surface is 1.30 mjs2

. The canister springs 
a leak, allowing molecules to escape from a small hole. (a) What is 
the maximum height (in km) above Europa's surface that is 
reached by a nitrogen molecule whose speed equals the rms speed? 
Assume that the molecule is shot straight up out of the hole in the 
canister, and ignore the variation in g with altitude. (b) The escape 
speed from Europa is 2025 mfs. Can any of the nitrogen molecules 
escape from Europa and into space? 

SOLUTION GUIDE 

See MasteringPhysics~ study area for a Video Tutor solution. e 
IDENTIFY and SET UP 
I. Draw a sketch of the situation , showing all relevant dimen­

sions. 
2. Make a list of the unknown quantities, and decide which are the 

target variables. 

Discussion Questions 615 

3. How will you find the rms speed of the nitrogen molecules? 
What principle will you use to find the maximum height that a 
molecule with thi s speed can reach? 

4. Does the rms speed of molecules in an ideal gas represent the 
maximum speed of the molecules? If not, what is the maximum 
speed? 

EXECUTE 
5. Solve for the rms speed. Use thi s to calculate the maximum 

height that a molecule with this speed can reach. 
6. Use your result from step 5 to answer the question in part (b). 

EVALUATE 
7. Do your results depend on the amount of gas in the container? 

Why or why not? 
8. How would your results from steps 5 and 6 be affected if the 

gas cylinder were instead left on Jupiter's satelli te Ganymede, 
which has higher surface gravity than Europa and a higher 
escape speed? Like Europa, Ganymede has no significant 
atmosphere. 

Problems For instructor-assigned homework, go to MasteringPhysics®. e 
• , •• , •• • : Problems of increasing difficulty. CP: Cumulative problems incorporating material from earlier chapters. CALC: Problems 

requiring calculus. BID: Biosciences problems. 

DISCUSSION QUESTIONS 
018.1 Section 18. 1 states that ordinarily, pressure, volume, and 
temperature cannot change individually without one affecting the 
others. Yet when a liquid evaporates, its volume changes, even 
though its pressure and temperature are constant. ls thi s inconsis­
tent? Why or why not? 
018.2 In the ideal-gas equation, could an equivalent Celsius tem­
perature be used instead of the Kelvin one if an appropriate numer­
ical value of the constant R is used? Why or why not? 
018.3 On a chilly morning you can "see your breath." Can you 
really? What are you actually seeing? Does thi s phenomenon 
depend on the temperature of the air, the humidi ty, or both? 
Explain. 
018.4 When a car is driven some distance, the air pressure in the 
tires increases. Why? Should you let out some air to reduce the 
pressure? Why or why not? 
018.5 The coolant in an automobile radiator is kept at a pressure 
higher than atmospheric pressure. Why is this desirable? The radi­
ator cap will release coolant when the gauge pressure of the 
coolant reaches a certain value, typically 15 lb/ in .2 or so. Why not 
just seal the system completely? 
018.6 Unwrapped food placed in a freezer experiences dehydra­
tion, known as " freezer burn." Why? 
018.7 "Freeze-drying" food involves the same process as " freezer 
burn," refe1Ted to in Discussion Question QI 8.6. For freeze-drying, 
the food is usually frozen first, and then placed in a vacuum chamber 
and irradiated with infrared radiation. What is the purpose of the 
vacuum? The radiation? What advantages might freeze-drying 
have in comparison to ordinary drying? 

018.8 A group of students drove from their university (near sea 
level) up into the mountains for a skiing weekend. Upon an-iving at 
the slopes, they discovered that the bags of potato chips they had 
brought for snacks had all burst open. What caused this to happen? 
018.9 How does evaporation of perspiration from your skin cool 
your body? 
018.10 A rigid, perfectly insulated container has a membrane 
dividing its volume in half. One side contains a gas at an absolute 
temperature To and pressure Po. while the other half is completely 
empty. Suddenly a small hole develops in the membrane, allowing 
the gas to leak out into the other hal f until it eventually occupies 
twice its original volume. In terms of To and Po. what wi ll be the 
new temperature and pressure of the gas when it is distributed 
equally in both halves of the container? Explain your reasoning. 
018.11 (a) Which has more atoms: a kilogram of hydrogen or a 
kilogram of lead? Which has more mass? (b) Which has more 
atoms: a mole of hydrogen or a mole of lead? Which has more 
mass? Explain your reasoning. 
018.12 Use the concepts of the kinetic-molecular model to 
explain: (a) why the pressure of a gas in a rigid container increases 
as heat is added to the gas and (b) why the pressure of a gas 
increases as we compress it, even if we do not change its tempera­
ture. 
018.13 The proportions of various gases in the earth's atmosphere 
change somewhat with altitude. Would you expect the prop01tion 
of oxygen at high altitude to be greater or less than at sea level 
compared to the proportion of nitrogen? Why? 
018.14 Comment on the following statement: When two gases are 
mixed, if they are to be in thermal equilibrium, they must have the 
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616 CHAPTER 18 Thermal Properties of Matter 

same average molecular speed. Is the statement correct? Why or 
why not? 
018.15 The kinetic-molecular model contains a hidden assumption 
about the temperature of the container walls. What is this assump­
tion? What would happen if this assumption were not valid? 
018.16 The temperature of an ideal gas is directly proportional to 
the average kinetic energy of its molecules. If a container of ideal 
gas is moving past you at 2000 mjs, is the temperature of the gas 
higher than if the container was at rest? Explain your reasoning. 
018.17 If the pressure of an ideal monatomic gas is increased 
while the number o( moles is kept constant, what happens to the 
average translational kinetic energy of one atom of the gas? Ts it 
possible to change both the volume and the pressure of an ideal gas 
and keep the average translational kinetic energy of the atoms con­
stant? Explain. 
018.18 In deriving the ideal-gas equation from the kinetic-molec­
ular model, we ignored potential energy due to the earth's gravity. 
Is this omission justified? Why or why not? 
018.19 The derivation of the ideal-gas equation included the 
assumption that the number of molecules is very large, so that we 
could compute the average force due to many collisions. However, 
the ideal-gas equation holds accurately only at low pressures, 
where the molecules are few and far between. Is this inconsistent? 
Why or why not? 
018.20 A gas storage tank has a small leak. The pressure in the 
tank drops more quickly if the gas is hydrogen or helium than if it 
is oxygen. Why? 
018.21 Consider two specimens of ideal gas at the same tempera­
ture. Specimen A has the same total mass as specimen B, but the 
molecules in specimen A have greater molar mass than they do in 
specimen B. Tn which specimen is the total kinetic energy of the 
gas greater? Does your answer depend on the molecular structure 
of the gases? Why or why not? 
018.22 The temperature of an ideal monatomic gas is increased 
from 25°C to 50°C. Does the average translational kinetic energy 
of each gas atom double? Explain. If your answer is no, what 
wonld the final temperature be if the average translational kinetic 
energy was doubled? 
018.23 If the root-mean-square speed of the atoms of an ideal gas 
is to be doubled, by what factor must the Kelvin temperature of the 
gas be increased? Explain. 
018.24 (a) Tf you apply the same amount of heat to 1.00 mol of an 
ideal monatomic gas and 1.00 mol of an ideal diatomic gas, which 
one (if any) will increase more in temperature? (b) Physically, 
why do diatomic gases have a greater molar heat capacity than 
monatom ic gases? 
018.25 The discussion in Section 18.4 concluded that all ideal 
diatomic gases have the same heat capacity C V· Does this mean 
that it takes the same amount of heat to raise the temperature of 1.0 g 
of each one by 1.0 K? Explain your reasoning. 
018.26 In a gas that contains N molecules, is it accurate to say that 
the number of molecules with speed u is equal to f ( u )? Ts it accu­
rate to say that this number is given by N.f(u)? Explain your 
answers. 
018.27 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. 
What effect would this filter have on the temperature inside the 
house? (ll turns out that the second law of thermodynamics­
which we will discuss in Chapter 20--tells us that such a wonder­
ful air filter would be impossible to make.) 

018.28 A beaker of water at room temperature is placed in an 
enclosure, and the air pressure in the enclosure is slowly reduced. 
When the air pressure is reduced sufficiently, the water begins to 
boil. The temperature of the water does not rise when it boils; in 
fact, the temperature drops slightly. Explain these phenomena. 
018.29 Ice is s lippery to walk on, and especially slippery if you 
wear ice skates. What does this tell you about how the melting 
temperature of ice depends on pressure? Explain. 
018.30 Hydrothermal vents are openings in the ocean floor that 
discharge very hot water. The water emerging from one such vent 
off the Oregon coast, 2400 m below the surface, has a temperature 
of 279°C. Despite its high temperature, the water doesn' t boil. 
Why not? 
018.31 The dark areas on the moon's surface are called maria, 
Latin for "seas," and were once thought to be bodies of water. Tn 
fact, the maria are not "seas" at all , but plains of solidified lava. 
Given that there is no atmosphere on the moon, how can you 
explain the absence of liquid water on the moon's surface? 
018.32 In addition to the normal cooking direct ions printed on the 
back of a box of rice, there are also "high-altitude directions." The 
only difference is that the "high-altitude directions" suggest 
increasing the cooking time and using a greater volume of boiling 
water in which to cook the rice. Why should the directions depend 
on the altitude in this way? 

EXERCISES 
Section 18.1 Equations of State 
18.1 • A 20.0-L tank contains 4.86 X 10- 4 kg of helium at 
18.0°C. The molar mass of helium is 4 .00 gjmol. (a) How many 
moles of helium are in the tank? (b) What is the pressure in the 
tank, in pascals and in atmospheres? 
18.2 •• Helium gas with a volume of 2.60 L, under a pressure of 
0.180 atm and at a temperature of 41.0°C, is warmed unt il both 
pressure and volume are doubled. (a) What is the final tempera­
ture? (b) How many grams of helium are there? The molar mass of 
helium is 4.00 gjmol. 
18.3 • A cylindrical tank has a tight-fitting piston that allows the 
volume of the tank to be changed. The tank originally contains 
0. 11 0 m3 of air at a pressure of 0.355 atm. The piston is slowly 
pulled out until the volume of the gas is increased to 0.390 m3. If 
the temperature remains constant, what is the final value of the 
pressure? 
18.4 • A 3.00-L tank contains air at 3.00 atm and 20.0°C. The 
tank is sealed and cooled unti l the pressure is 1.00 atm. (a) What is 
the temperature then in degrees Celsius? Assume that the volume 
of the tank is constant. (b) If the temperature is kept at the value 
found in part (a) and the gas is compressed, what is the volume 
when the pressure again becomes 3.00 atm? 
18.5 • Planetar y Atmospheres. (a) Calculate the density of the 
atmosphere at the surface of Mars (where the pressure is 650 Pa 
and the temperature is typically 253 K, with a C02 atmosphere), 
Venus (with an average temperature of 730 K and pressure of 
92 atm, with a C02 atmosphere), and Saturn's moon Titan (where 
the pressure is 1.5 atm and the temperature is -178°C, with a N2 
atmosphere). (b) Compare each of these densities with that of the 
earth 's atmosphere, which is 1.20 kgjm3 Consult the periodic 
chart in Appendix D to determine molar masses. 
18.6 •• You have several identical balloons. You experimentally 
determine that a balloon will break if its volume exceeds 0.900 L. 
The pressure of the gas inside the balloon equals air pressure ( 1.00 
atm). (a) If the air inside the balloon is at a constant temperature of 
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