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Exercises
21.1 Temperature (pages 407–408)

1. Define temperature.

  

  

2. Explain how a common liquid thermometer works.

  

  

  

Match each number with the corresponding description.

Temperature Description

3.  –273

4.  0

5.  32

6.  100

7.  212

8. Define absolute zero.

  

  

9. Identify where each temperature scale is primarily used.

  a. Celsius:

  b. Fahrenheit:

  c. Kelvin:

10.  Divisions on the Celsius and Fahrenheit scales are called
, but divisions on the Kelvin scale are called
.

11.  For an ideal gas, temperature is to the average
kinetic energy of molecular translational motion.

12. Define translational motion.

  

  

13.  Is the following sentence true or false? For solids and liquids,
temperature is unrelated to the average kinetic energy of molecular
translational motion.

14.  What is the relationship between the temperature of a substance and the
rate of motion of its molecules?

  

  

a. Water freezes on the Celsius scale.

b. Water freezes on the Fahrenheit scale.

c. Water boils on the Celsius scale.

d. Water boils on the Fahrenheit scale.

e. Absolute zero on the Celsius scale.

a. Water freezes on the Celsius scale.

b. Water freezes on the Fahrenheit scale.

c. Water boils on the Celsius scale.

d. Water boils on the Fahrenheit scale.

e. Absolute zero on the Celsius scale.
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15.  Suppose you have a 2-liter pot of boiling water, and you pour out
1 liter of the water. Explain whether the average kinetic energy and
temperature of the water in the pot has changed.

  

  

21.2 Heat (page 409)

16. Define heat.

  

  

17.  Describe the spontaneous energy transfer that occurs when you touch a
cube of ice.

  

  

18.  Is the following sentence true or false? A cup of hot water contains more
heat than a cup of cold water.

19. Explain the meanings of the terms thermal energy and internal energy.

  

  

  

  

20. Define thermal contact.

  

  

21.  When two substances of different temperature are in thermal
contact, heat flows from the substance into the

substance.

22.  Is the following sentence true or false? Heat always flows from a
substance with more total molecular kinetic energy to a substance
with less.

23.  Is the following sentence true or false? Heat never flows on its own from
a cooler substance into a hotter substance.

21.3 Thermal Equilibrium (page 410)

24.  After objects in thermal contact with each other reach the same
temperature, the objects are in .

25.  When a thermometer is in contact with a substance, heat flows between
them until .

26.  Why is it important for a thermometer to be small in comparison to the
substance it is measuring?
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21.4 Internal Energy (page 411)

27. Name four types of energy within substances.

a.

b.

c.

d.

28. is the grand total of all energies inside a substance.

29. What are two ways the internal energy of a substance can change?

  

  

30.  Describe two ways a substance can change when it absorbs heat.

a.

  

b.

  

21.5 Measurement of Heat (pages 411–412)

31.  How can you determine the amount of heat transferred from one
substance to another?

  

  

32.  In order to quantify heat, we must specify the and
of substance affected.

33.  Suppose you place a pot with 1 cup of water and an identical pot with
2 cups of water on a hot stove for the same amount of time. Circle the
letters beside the sentences that correctly describe what happens.

a. More heat is added to the pot with 2 cups of water.

b. The same amount of heat is added to both pots.

c. The temperature of the pot with 1 cup of water increases more.

d. The temperature increase of both pots is the same.

34. Define calorie.

  

  

35.  Circle the letter beside the number of kilocalories that equals
50,000 calories.

a. 5 b. 50

c. 500 d. 5000
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36.  A Calorie, used to describe the energy of , is
equivalent to one .

37.  One calorie is equivalent to joules, the SI unit for
all forms of energy.

21.6 Specific Heat Capacity (pages 413–414)

38.  The capacity of a substance to store heat depends on its
.

39. What is specific heat capacity?

  

  

Specific Heat Capacities

Material (J/g C) (cal/g C)

Aluminum 0.900 0.215

Copper 0.386 0.092

Lead 0.128 0.031

40.  Use the table above to complete these statements.

a.  calorie(s) of heat are needed to raise the
temperature of 1 gram of aluminum by 1 Celsius degree.

b.  joule(s) of heat are needed to raise the
temperature of 2 grams of copper by 1 Celsius degree.

c.  joule(s) of heat are needed to raise the
temperature of 1 gram of lead by 2 Celsius degrees.

41.  Explain this statement: We can think of specific heat capacity as
thermal inertia.

  

  

  

42. Why does water have a higher specific heat capacity than iron?
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21.7 The High Specific Heat Capacity of 
Water (pages 415–416)

43.  Is the following sentence true or false? Water takes longer to heat to
a certain temperature than most substances, and it takes longer to
cool.

44.  Explain why Europe is much warmer than northeastern Canada, even
though they are at similar latitudes.

  

  

  

45.  The high specific heat of ocean water near the west coast of North
America causes the winters there to be and the
summers to be than near the east coast.

21.8 Thermal Expansion (pages 416–419)

46. Why do most forms of matter expand when they are heated?

  

  

  

47.  If concrete sidewalks and highway paving were laid down in
one continuous piece, cracks would appear as the materials

on hot summer days and on
cold winter days.

48.  Describe one way that each of the following handles the different rates of
thermal expansion in materials.

a. Dentist:

  

b. Automobile engines:

  

c. Civil engineer:

  

49. Roadways on bridges often have tongue-and-groove-type gaps called
to allow for thermal expansion.
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50.  Explain how the bimetallic strip in the figure above is affected in
each case.
a. Heated by a flame:

  
  
  

b. Cooled by ice:
  
  
  
51. Describe how a thermostat uses a bimetallic strip.
  
  
  

21.9 Expansion of Water (pages 419–422)

52. Water is most dense at a temperature of .
53.  Complete the table by writing increase or decrease to describe how the

volume and density of water changes during each temperature change.

Temperature Change Change in Volume Change in Density

0 C to 4 C

4 C to 10 C

54.  Describe how the thermal expansion and contraction of water is different
from most other materials.

  
  
55.  Explain why water has such an unusual thermal expansion and

contraction behavior.
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Use the figure below to answer questions 56–60.

56. Where does most of the cooling in the pond take place?
  
57. What determines whether the water will float at the surface?
  
  
58. What must be true in order for water at 4 C to remain at the surface?
  
  
  
59.  What must be true in order for ice to begin forming at the surface of

the pond?
  
  
60. If only some of the water in a deep pond is 4 C, where will it be?
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Exercises
22.1 Conduction (pages 431–432)

1. Define conduction.
  
  
2. What is a conductor?

  
  
3. are the best conductors.
4.  In conduction, between particles transfer thermal

energy.
5.  Is the following sentence true or false? Conduction occurs without any

overall transfer of matter.
6.  Is the following sentence true or false? Materials that are good

conductors of heat are usually poor conductors of electricity.

7.  Imagine stepping with one bare foot onto metal and with the other bare
foot onto wood. Explain why the metal feels cool and the wood feels
warm, even though they have the same temperature.

  
  
  
  
8. Define insulator.

  
  
9. How do birds vary their insulation?

  
  
10.  Classify each of the following materials by writing C beside each

conductor and I beside each insulator.
a.  wood g. iron
b.  aluminum h.  wool
c.  straw i.  paper
d.  silver j.  copper
e.  air k.  polystyrene
f.  cork
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11.  Explain why snow is sometimes used to construct dwellings in cold
climates.

  
  
  
12.  Is the following sentence true or false? Both heat and cold are forms of

energy.
13.  Is the following sentence true or false? An insulator cannot totally

prevent heat from getting through, but instead just reduces the rate at
which heat penetrates.

22.2 Convection (pages 433–435)

14.  In convection, heat is transferred by movement of the
substance from one place to another.

15.  The figure above shows ice at the bottom of a test tube and boiling water
at the top. Explain why the heat that boils the water doesn’t melt the ice.

  
  
  
16.  Suppose a heater is placed near the floor of a room. Describe the steps in

which convection currents keep the air stirred up in the room.
  
  
  
17.  Convection currents stirring the atmosphere produce .
18.  Explain the two ways convection currents produced by uneven heating

of Earth’s surface produce sea breezes.
a. During the day:

  
  
  

b. At night:
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19.  Is the following sentence true or false? As air rises, it expands
because more atmospheric pressure squeezes on it at higher altitudes.

20.  When a molecule collides with a molecule that is receding, its rebound
speed after the collision is than it was before the
collision.

21.  Is the following sentence true or false? As air rises and expands, it
collides with more molecules that are receding than are approaching.

22.  In expanding air, the average speed of the molecules ,
and the air cools.

22.3 Radiation (page 436)

23.  Why can’t energy move from the sun to Earth by conduction or
convection?

  
  
  
  
24. Radiation is energy transmitted by .
25. Define radiant energy.
26.  Order the different types of radiant energy from longest to shortest

wavelength by placing a number from 1 to 7 beside each.
a.  gamma rays e. ultraviolet radiation
b.  infrared radiation f.  visible light
c.  microwaves g.  X-rays
d.  radio waves

27.  Circle the letter of the type of radiant energy you feel as heat if you sit
near a fireplace.
a. infrared radiation b. microwaves
c. ultraviolet radiation d. X-rays

22.4 Emission of Radiant Energy (pages 437–438)

28.  Is the following sentence true or false? All substances continuously emit
only one specific wavelength of radiant energy.

29.  Do objects at low temperatures emit waves with a longer or shorter
wavelength than objects with higher temperatures?

30.  Objects of everyday temperatures emit waves mostly in the
end of the infrared region.

31.  An infrared thermometer measures the infrared radiant energy emitted
by a body and converts it to .

32.  The average of radiant energy is directly
proportional to the Kelvin temperature of the emitter.



Name ___________________________ Class __________________ Date  ____________

Chapter 22 Heat Transfer
©

 Pearson Education, Inc., or its affiliate(s). All rights reserved.

184 Conceptual Physics Reading and Study Workbook Chapter 22

33. Order the star colors white, red, and blue from coolest to hottest.
  
34. The radiant energy emitted by stars is called .
35. The radiant energy emitted by Earth is called .
36.  The part of radiant energy that is absorbed by objects increases the

energy of the objects.

22.5 Absorption of Radiant Energy (pages 438–440)

37.  An object in thermal equilibrium is both and
energy at the same rate.

38.  The of an object doesn’t change if it is in thermal
equilibrium.

39.  Good emitters of radiant energy are also good .
40.  You notice that a blacktop pavement becomes hotter than other nearby

surfaces on a hot day. What will you notice about the temperature of the
blacktop pavement at night?

  
  
41. A good absorber of radiant energy appears .
42.  Suppose you have a box, painted white inside, which is closed except

for a hole 2 centimeters wide. Circle the letter beside the sentence that
explains why the hole appears black.

  a.  The white paint inside the box absorbs almost all of the radiant
energy that strikes it.

  b.  The hole in the box is much too small to allow wavelengths of light
to pass through.

  c.  Light that enters is reflected and partly absorbed so many times that
little is left to come out.

  d. The light that enters leaks out through the walls of the box.
43.  Is the following sentence true or false? Light-colored objects reflect more

light than dark-colored ones.
44.  On a sunny day, Earth’s surface is a net , and at

night it is a net .
45.  Record-breaking cold nights occur when the skies are .

22.6 Newton’s Law of Cooling (pages 440–441)

46.  An object hotter than its surroundings eventually
to match the surrounding temperature.

47.  A hot apple pie will cool faster in a freezer than on a kitchen table
because
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48. State Newton’s law of cooling.
  
  
49.  Is the following sentence true or false? Newton’s law of cooling also

holds for heating.

22.7 Global Warming and the Greenhouse Effect (pages 441–443)

50. What is the greenhouse effect?
  
  
51.  Air is transparent to both infrared (long) waves and visible (short)

waves, unless the air contains excess and
.

52.  Glass is to visible light waves, but
infrared waves.

53.  Explain why the inside of a car becomes so much hotter than its
surroundings on a hot day.

  
  
  
  

54. Use the figure above to explain Earth’s global warming.
  
  
  
  
55. is the main greenhouse gas.
56.  is the gas most rapidly increasing in the

atmosphere.
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Exercises
23.1 Evaporation (page 451)

1.  The four forms in which matter exists—solid, liquid, gas, and plasma—
are called .

2.  Water that is left out in an open container will eventually .
3.  Is the following sentence true or false? Evaporation is a change from

liquid to gas.
4.  Is the following sentence true or false? Evaporation takes place

throughout a liquid.
5.  Circle the letter that best describes the particle most likely to break free

from the surface of a liquid.
a. slow-moving b. low kinetic energy
c. solid d. high kinetic energy

6. A group of molecules in the gas phase is also known as a .
7.  How does evaporation change the temperature of the liquid that is left

behind?
  
8. Describe how sweat helps cool the body.

  
  

23.2 Condensation (pages 452–453)

9.  Is the following sentence true or false? Condensation is the process
opposite to evaporation.

10. Circle the letter that best describes condensation.
a. change from solid to liquid b. change from liquid to solid
c. change from gas to liquid d. change from solid to gas

11.  Is the following sentence true or false? Condensation occurs when gas
particles are captured by liquids.

12.  Describe how condensation affects the temperature of the area where
liquid forms.

  
13.  Is the following sentence true or false? A substance that contains any

amount of another substance is said to be saturated.
14.  The ratio between how much water vapor is in the air and the maximum

that could be in the air is the .
15.  Is the following sentence true or false? When air is saturated with water

vapor, the relative humidity is 100%.
16.  What must happen to the speed of water vapor molecules in air in order

for clouds or fog to form?
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23.3 Evaporation and Condensation Rates (page 454)

17.  Explain why you feel cold after stepping out of a hot shower into a dry
room.

  
  
18.  Is the following sentence true or false? Condensation and evaporation

can occur at the same time.
19.  Is the following sentence true or false? Condensation and evaporation

can occur at the same rate.

23.4 Boiling (pages 454–455)

20.  Is the following sentence true or false? Boiling only takes place at the
surface of a liquid.

21.  Boiling is a change of phase from a(n) to a(n)
.

22.  Is the following sentence true or false? Bubbles do not form in a liquid
until the boiling point is reached.

23.  Circle the letter that describes how increased atmospheric pressure
affects the boiling point of a liquid.

 a. the boiling point decreases b. the boiling point does not changea. the boiling point decreases b. the boiling point does not change
c. the boiling point increases d. boiling cannot occur

24.  The arrows pushing outward from the inside of the bubble shown above
represent .

25. Boiling depends on and .
26. Explain why a pressure cooker cooks food faster than an ordinary pan.
  
  
27. How does boiling affect the temperature of the liquid left behind?
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23.5 Freezing (page 456)

28.  As energy is removed from a liquid, its particles move more .
29.  Is the following sentence true or false? As the energy of a liquid

decreases, molecular forces pull the particles closer together.

30. Circle the letter that best describes the conditions at which ice forms.
a. energy added to water at 0 C and atmospheric pressure
b. energy removed from water at 100 C and atmospheric pressure
c. energy removed from water at 0 C and atmospheric pressure
d. energy added to water at 100 C and atmospheric pressure

31.  Freezing is a phase change from a(n) to a(n)
.

32.  Circle the letter that describes how dissolving a substance in a liquid
affects the freezing point of the liquid.
a. The freezing point decreases.
b. The freezing point does not change.
c. The freezing point increases.
d. The freezing point matches the boiling point.

23.6 Boiling and Freezing at the Same Time (pages 456–457)

33.  Is the following sentence true or false? Boiling and freezing can occur at
the same time in high-pressure conditions.

34.  Describe what happens to a container of water in a vacuum chamber as
the pressure is gradually decreased.

  
  
  
35. A is used to produce freeze-dried coffee.
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23.7 Regelation (page 457)

36.  Is the following sentence true or false? When pressure is applied to ice,
the ice will melt at a lower temperature.

37. Circle the letter that best describes regelation.
a. melting under zero pressure then freezing under pressure
b. melting and freezing at the same temperature
c.  melting under pressure and then refreezing after the pressure is

removed
d. melting and freezing at the same pressure

38.  Circle the letter of the property a substance must have in order for
regelation to occur.
a. high density
b. low melting point
c. expands as it freezes
d. soft at low temperatures

39. Describe how regelation plays a role in forming a snowball.
  
  

23.8 Energy and Changes of Phase (pages 458–461)

40.  Circle the letter that shows the phases in the order they occur when a
piece of ice is continually heated.
a. solid liquid gas
b. gas liquid solid
c. liquid solid gas
d. gas solid liquid

41.  Describe the flow of energy when a substance changes from gas to liquid
to solid.

  
42.  Is the following sentence true or false? The phase change process for a

substance is reversible.
43. Explain why a burn from condensing steam is so dangerous.
  
  
44. A(n) is a device that moves heat.
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The graph below shows the energy involved in the heating and the change of
phase of 1 gram of H2O. Use the graph to answer Questions 45–48.
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45. Circle the letter of the statement that is true.
a.  The same amount of energy is required to melt and to vaporize

1 gram of water.
b. The temperature is constant during melting and vaporizing.
c.  It takes more energy to melt 1 gram of water than it does to

vaporize it.
d. 100 calories are needed to melt 1 gram of ice.

46.  Explain why the portion of the line that represents vaporizing is longer
than the portion of the line that represents melting.

  
  
47.  Circle the letter of the amount of energy given off when 1 gram of water

condenses.
a. 80 calories b. 100 calories
c. 540 calories d. 720 calories

48. Circle the letter of the temperature at which vaporization occurs.
a. –50 C b. 0 C
c. 100 C d. from 0 C to 100 C
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Exercises
24.1 Absolute Zero (page 469)

1.  Is the following sentence true or false? There is no limit to how cold an
object can get.

2. Define absolute zero.
  
  
  
3.  Circle the letter of each statement about a substance near absolute zero

that is true.
a. The thermal motion of its atoms approaches zero.
b. The kinetic energy of its atoms approaches zero.
c.  A considerable amount of energy can still be removed from the

substance.
d. Its temperature can still be significantly lowered.

4.  Is the following sentence true or false? Negative Kelvin temperature
values do not exist.

5.  Circle the letter that describes how the size of one Celsius degree and
one Kelvin are related.
a. They are equal.
b. Celsius degrees are smaller.
c. Celsius degrees are larger.
d. They have no consistent relationship.

Match each term or description to its Kelvin temperature.

Term Definition
6. absolute zero
7. melting point of ice
8. boiling point of water

24.2 First Law of Thermodynamics (pages 470–471)

9.  Is the following sentence true or false? The flow of heat is not directly
related to the flow of energy.

10.  The law of conservation of energy when applied to thermal systems is
known as the .

11.  Circle the letter that best describes what happens when heat is added to
a system.
a. Much of it is destroyed immediately.
b. It transforms to an equal amount of some other form of energy.
c. Much of it is lost.
d. It is used to overcome friction.

a. 373 K
b. 0 K
c. 273 K

a. 373 K
b. 0 K
c. 273 K
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12.  A group of particles or objects that you want to analyze is called a(n)
.

13. Describe two things energy added to a system can do.
  
  
14.  Is the following sentence true or false? The first law of thermodynamics

states that the heat added to a system is equal to the system’s
increase in internal energy and the external work done by the system.

15.  Is the following sentence true or false? The internal energy of a system
increases when the system does external work.

24.3 Adiabatic Processes (pages 472–474)

16.  Circle the letter that describes the compression or expansion of a gas
such that no heat enters or leaves a system.
a. ideal b. equibaric
c. constant d. adiabatic

17.  Is the following sentence true or false? Adiabatic processes often occur
very quickly.

18.  Is the following sentence true or false? The compression and expansion
of gases within the cylinders of an automobile engine is nearly adiabatic.

19.  Circle the letter that describes what happens to a gas that undergoes an
adiabatic compression.
a. It gains internal energy and its temperature increases.
b. It is compressed into a liquid by adiabatic liquefaction.
c. It loses internal energy and condenses.
d. Its volume decreases but its temperature remains constant.

20.  What happens to a gas when it adiabatically expands and does work on
its surroundings?

  
  
21. What are two ways the temperature of air can be increased?
  
  
22.  Circle the letter that describes the adiabatic form of the first law of

thermodynamics.
a. pressure constant
b. energy out energy in
c. change in air temperature pressure change
d. energy in energy out work
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23.  Is the following sentence true or false? Adiabatic processes occur in large
air masses in the atmosphere.

24.  Describe what happens to a large warm air blob as it gains several
kilometers in altitude.

  

Use the illustration below to answer questions 25 and 26.

25.  Circle the letter that describes the process that occurs to create the warm
wind.
a. adiabatic expansion b. adiabatic compression
c. isobaric contraction d. thermal gain from landmass

26.  What type of weather do communities in the path of chinooks
experience in mid-winter?

24.4 Second and Third Laws of 
Thermodynamics (pages 474–475)

27.  Circle the letter of the thermodynamic law that states heat will never of
itself flow from a cold object to a hot object.
a. first law of thermodynamics b. second law of thermodynamics
c. third law of thermodynamics d. fourth law of thermodynamics

28. Heat flows one way, from to .
29. Describe how heat can be made to flow the other way—from cold to hot.
  
30. What is the third law of thermodynamics?
  

24.5 Heat Engines and the Second Law (pages 475–478)

31.  A device that changes internal energy into mechanical energy is called
a(n) .

32.  Is the following sentence true or false? For a heat engine to do
mechanical work, heat must flow from a high temperature to a low
temperature.
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Use the illustration below of a heat engine to answer Questions 33–34.

33.  Circle the letter of the source of the energy used by the heat engine to
increase its internal energy.
a. work output b. the sun
c. low-temperature reservoir d. high-temperature reservoir

34.  The energy that is not converted to usable mechanical energy is expelled
at the .

35.  Is the following sentence true or false? Many heat engines are
able to convert all heat input into mechanical energy output.

36.  The ideal efficiency of a heat engine is known as its
efficiency.

37.  Is the following sentence true or false? No heat engine can have an ideal
efficiency of 100%.

38. What determines the ideal efficiency of a heat engine?
  
39.  When performing a calculation involving temperature ratios, the

temperatures must be expressed using the
temperature scale.

24.6 Order Tends to Disorder (page 479)

40.  Is the following sentence true or false? Usable energy tends to become
disorganized and unusable.

41.  Is the following sentence true or false? Once energy in an engine
degenerates into nonuseful forms, it is unavailable to do the same work
again.



Name ___________________________ Class __________________ Date  ____________

Chapter 24 Thermodynamics
©

 Pe
ars

on
 Ed

uca
tio

n, 
Inc

., 
or 

its
 af

fili
ate

(s)
. A

ll r
igh

ts 
res

erv
ed

.

 Conceptual Physics Reading and Study Workbook Chapter 24 203

42.  Circle the letter that best describes how the second law of
thermodynamics applies to order and disorder.
a. For all systems, overall order is constant.
b. Natural systems tend toward a state of greater disorder.
c.  Natural systems are equally likely to become more ordered or

more disordered.
d. All natural systems tend toward increasing order.

43.  A sample of gas is contained in a sealed flask. Circle the letter with the
greatest disorder.
a. the sample at 25°C in the sealed flask
b. the sample at 50°C in the sealed flask
c. the sample immediately after opening the flask
d. the sample after it expands to fill the room

44.  Is the following sentence true or false? Even if work is done on
disordered energy, it cannot become more ordered.

24.7 Entropy (pages 480–481)

45. Define entropy.
  
46.  Does disorder increase or decrease when entropy increases?

47. Circle the letter that best describes the entropy of natural systems.
a. Most natural systems will have a constant level of entropy.
b. In the long run, the entropy will always increase.
c. In all but a few cases, entropy in the long run will decrease.
d. All natural systems have constant levels of entropy.

48. Circle the letter of each example of increasing entropy.
a. gas molecules escaping from a bottle
b. an unattended house breaking down
c. a plant using energy from the sun to form new cells
d. a breeze blowing papers off of your desk

49.  Is the following sentence true or false? It is impossible for a
natural system to change in a way such that its entropy decreases.


