
What You’ll Learn
• You will learn how

temperature relates to 
the potential and kinetic
energies of atoms and
molecules.

• You will distinguish heat
from work.

• You will calculate heat
transfer and the absorption
of thermal energy.

Why It’s Important
Thermal energy is vital for
living creatures, chemical
reactions, and the working
of engines. 

Solar Energy A strategy
used to produce electric
power from sunlight
concentrates the light with
many mirrors onto one
collector that becomes very
hot. The energy collected at
a high temperature is then
used to drive an engine,
which turns an electric
generator.

Think About This �
What forms of energy does
light from the Sun take in
the process of converting
solar energy into useful work
through an engine? 
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What happens when you provide thermal
energy by holding a glass of water?

Question
What happens to the temperature of water 
when you hold a glass of water in your hand?

Procedure

1. You will need to use a 250-mL beaker and
150 mL of water.

2. Fill the beaker with the 150 mL of water. 
3. Record the initial temperature of the water 

by holding a thermometer in the water in 
the beaker. Note that the bulb end of the
thermometer must not touch the bottom or
sides of the beaker, nor should it touch a
table or your hands.

4. Remove the thermometer and hold the beaker
of water for 2 min by cupping it with both
hands, as shown in the figure. 

5. Have your lab partner record the final
temperature of the water by placing the
thermometer in the beaker. Be sure that the
bulb end of the thermometer is not touching
the bottom or sides of the beaker. 

Analysis

Calculate the change in temperature of the
water. If you had more water in the beaker,
would it affect the change in temperature? 
Critical Thinking Explain what caused the
water temperature to change.

12.1 Temperature and Thermal Energy

The study of heat transformations into other forms of energy, called
thermodynamics, began with the eighteenth-century engineers who

built the first steam engines. These steam engines were used to power
trains, factories, and water pumps for coal mines, and thus they contributed
greatly to the Industrial Revolution in Europe and in the United States. In
learning to design more efficient engines, the engineers developed new
concepts about how heat is related to useful work. Although the study of
thermodynamics began in the eighteenth century, it was not until around
1900 that the concepts of thermodynamics were linked to the motions of
atoms and molecules in solids, liquids, and gases. 

Today, the concepts of thermodynamics are widely used in various
applications that involve heat and temperature. Engineers use the laws of
thermodynamics to continually develop higher performance refrigerators,
automobile engines, aircraft engines, and numerous other machines.
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� Objectives
• Describe thermal energy

and compare it to potential
and kinetic energies.

• Distinguish temperature
from thermal energy.

• Define specific heat and
calculate heat transfer.

� Vocabulary
conduction
thermal equilibrium
heat
convection 
radiation
specific heat

Horizons Companies 

312-322 CH12-S1-845813  6/3/04  2:49 PM  Page 313



Thermal Energy
You already have studied how objects collide and trade kinetic energies.

For example, the many molecules present in a gas have linear and rota-
tional kinetic energies. The molecules also may have potential energy in
their vibrations and bending. The gas molecules collide with each other
and with the walls of their container, transferring energy among each other
in the process. There are numerous molecules moving freely in a gas,
resulting in many collisions. Therefore, it is convenient to discuss the total
energy of the molecules and the average energy per molecule. The total
energy of the molecules is called thermal energy, and the average energy
per molecule is related to the temperature of the gas.

Hot objects What makes an object hot? When you fill up a balloon with
helium, the rubber in the balloon is stretched by the repeated pounding
from helium atoms. Each of the billions of helium atoms in the balloon
collides with the rubber wall, bounces back, and hits the other side of the
balloon, as shown in Figure 12-1. If you put a balloon in sunlight, you
might notice that the balloon gets slightly larger. The energy from the Sun
makes each of the gas atoms move faster and bounce off the rubber walls
of the balloon more often. Each atomic collision with the balloon wall
puts a greater force on the balloon and stretches the rubber. Thus, the bal-
loon expands. 

On the other hand, if you refrigerate a balloon, you will find that it
shrinks slightly. Lowering the temperature slows the movement of the
helium atoms. Hence, their collisions do not transfer enough momentum
to stretch the balloon quite as much. Even though the balloon contains the
same number of atoms, the balloon shrinks.

Solids The atoms in solids also have kinetic energy, but they are unable to
move freely as gas atoms do. One way to illustrate the molecular structure
of a solid is to picture a number of atoms that are connected to each other
by springs. Because of the springs, the atoms bounce back and forth, with
some bouncing more than others. Each atom has some kinetic energy and
some potential energy from the springs that are attached to it. If a solid has
N number of atoms, then the total thermal energy in the solid is equal to
the average kinetic and potential energy per atom times N. 

Thermal Energy and Temperature
According to the previous discussion of gases and solids, a hot object has

more thermal energy than a similar cold object, as shown in Figure 12-2.
This means that, as a whole, the particles in a hot object have greater 
thermal energy than the particles in a cold object. This does not mean that
all the particles in an object have exactly the same amount of energy; they
have a wide range of energies. However, the average energy of the particles
in a hot object is higher than the average energy of the particles in a 
cold object. To understand this, consider the heights of students in 
a twelfth-grade class. Although the students’ heights vary, you can calculate
the average height of the students in the class. This average is likely to 
be greater than the average height of students in a ninth-grade class, even
though some ninth-grade students may be taller than some twelfth-grade
students.

■ Figure 12-1 Helium atoms in 
a balloon collide with the rubber
wall and cause the balloon to
expand. 

Helium balloon

■ Figure 12-2 Particles in a hot
object have greater kinetic and
potential energies than particles
in a cold object do.

Hot object

Cold object

KEhot � KEcold

314 Chapter 12 Thermal Energy

312-322 CH12-S1-845813  6/3/04  2:50 PM  Page 314



Temperature Temperature depends only on the average kinetic energy of
the particles in the object. Because temperature depends on average kinetic
energy, it does not depend on the number of atoms in an object. To under-
stand this, consider two blocks of steel. The first block has a mass of 1 kg,
and the second block has a mass of 2 kg. If the 1-kg block is at the same
temperature as the 2-kg block, the average kinetic energy of the particles in
each block is the same. However, the 2-kg block has twice the mass of the
1-kg block. Hence, the 2-kg block has twice the amount of particles as the 1-
kg block. Thus, the total amount of kinetic energy of the particles in the 2-
kg block is twice that of the 1-kg mass. Total kinetic energy is divided by
the total number of particles in an object to calculate its average kinetic
energy. Therefore, the thermal energy in an object is proportional to the
number of particles in it. Temperature, however, is not dependent on the
number of particles in an object.

Equilibrium and Thermometry
How do you measure your body temperature? For example, if you sus-

pect that you have a fever, you might place a thermometer in your mouth
and wait for a few minutes before checking the thermometer for your 
temperature reading. The microscopic process involved in measuring 
temperature involves collisions and energy transfers between the ther-
mometer and your body. Your body is hot compared to the thermometer,
which means that the particles in your body have greater thermal energy
and are moving faster than the particles in the thermometer. When the
cold glass tube of the thermometer touches your skin, which is warmer
than the glass, the faster-moving particles in your skin collide with the
slower-moving particles in the glass. Energy is then transferred from your
skin to the glass particles by the process of conduction, which is the 
transfer of kinetic energy when particles collide. The thermal energy of 
the particles that make up the thermometer increases, while at the same
time, the thermal energy of the particles in your skin decreases.

Thermal equilibrium As the particles in the glass gain more energy, they
begin to give some of their energy back to the particles in your body. At
some point, the rate of transfer of energy between the glass and your body
becomes equal, and your body and the thermometer are then at the same
temperature. At this point, your body and the thermometer are said to have
reached thermal equilibrium, the state in which the rate of energy flow
between two objects is equal and the objects are at the same temperature,
as shown in Figure 12-3.

The operation of a thermometer depends on some property, such as vol-
ume, which changes with temperature. Many household thermometers
contain colored alcohol that expands when heated and rises in a narrow
tube. The hotter the thermometer, the more the alcohol expands and the
higher it rises in the tube. In liquid-crystal thermometers, such as the one
shown in Figure 12-4, a set of different kinds of liquid crystals is used. Each
crystal’s molecules rearrange at a specific temperature, which causes the
color of the crystal to change and indicates the temperature by color.
Medical thermometers and the thermometers that monitor automobile
engines use very small, temperature-sensitive electronic circuits to take
rapid measurements.

■ Figure 12-3 Thermal energy 
is transferred from a hot object 
to a cold object. When thermal
equilibrium is reached, the transfer
of energy between objects is equal. 

Before Thermal Equilibrium

After Thermal Equilibrium

Hot object (A) Cold object (B)

KEA � KEB

KEA � KEB
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■ Figure 12-4 Thermometers use
a change in physical properties 
to measure temperature. A liquid-
crystal thermometer changes 
color with a temperature change. 

Tom Pantages
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Human body Surface of the Sun Nuclear bomb

Flames Center of the Sun Supernova 
explosions

Interstellar space

Helium
liquefies

Life
exists

Superconductivity
below this

temperature

Temperature (K)

Nuclei exist
below this

temperature

Uncharged atoms
exist below this

temperature

Lowest temperature
in laboratory

100 10310110�210�410�610�8 104 105 106 107 108 109 1010

■ Figure 12-6 The three most-
common temperature scales are
Kelvin, Celsius, and Fahrenheit. 

373.15 100.00 212.00

273.15 0.00 32.00
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Temperature Scales: Celsius and Kelvin
Over the years, scientists developed temperature scales so that they could

compare their measurements with those of other scientists. A scale based
on the properties of water was devised in 1741 by Swedish astronomer and
physicist Anders Celsius. On this scale, now called the Celsius scale, the
freezing point of pure water is defined to be 0°C. The boiling point of pure
water at sea level is defined to be 100°C. 

Temperature limits The wide range of temperatures present in the uni-
verse is shown in Figure 12-5. Temperatures do not appear to have an
upper limit. The interior of the Sun is at least 1.5�107°C. Temperatures do,
however, have a lower limit. Generally, materials contract as they cool. If
an ideal gas, such as the helium in a balloon is cooled, it contracts in 
such a way that it occupies a volume that is only the size of the helium
atoms at �273.15°C. At this temperature, all the thermal energy that can
be removed has been removed from the gas. It is impossible to reduce the
temperature any further. Therefore, there can be no temperature lower than
�273.15°C, which is called absolute zero.

The Celsius scale is useful for day-to-day measurements of temperature.
It is not conducive for working on science and engineering problems, how-
ever, because it has negative temperatures. Negative temperatures suggest 
a molecule could have negative kinetic energy, which is not possible
because kinetic energy is always positive. The solution to this issue is to 
use a temperature scale based on absolute zero.

The zero point of the Kelvin scale is defined to be absolute zero. On the
Kelvin scale, the freezing point of water (0°C) is about 273 K and the boiling
point of water is about 373 K. Each interval on this scale, called a kelvin, is
equal to 1°C. Thus, TC � 273 � TK. Figure 12-6 shows representative tem-
peratures on the three most-common scales: Fahrenheit, Celsius, and Kelvin.

Very cold temperatures are reached by liquefying gases. Helium liquefies
at 4.2 K, or �269°C. Even colder temperatures can be reached by making
use of special properties of solids, helium isotopes, and atoms and lasers.

■ Figure 12-5 There is an
extremely wide range of
temperatures throughout the
universe. Note that the scale 
has been expanded in areas 
of particular interest. 

(cl)Getty Images, (r)FPG/Getty Images, (others)CORBIS
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1. Convert the following Kelvin temperatures to Celsius temperatures. 

a. 115 K c. 125 K e. 425 K 

b. 172 K d. 402 K f. 212 K

2. Find the Celsius and Kelvin temperatures for the following. 

a. room temperature c. a hot summer day in North Carolina 

b. a typical refrigerator d. a winter night in Minnesota

� Steam Heating In a steam
heating system of a building,
water is turned into steam in a
boiler located in a maintenance
area or the basement. The steam
then flows through insulated pipes
to each room in the building. 
In the radiator, the steam is
condensed as liquid water and
then flows back through pipes 
to the boiler to be revaporized.
The hot steam physically carries
the heat from the boiler, and that
energy is released when the
steam condenses in the radiator.
Some disadvantages of steam
heating are that it requires
expensive boilers and pipes must
contain steam under pressure. �
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Heat and the Flow of Thermal Energy
When two objects come in contact with each other, they transfer energy.

This energy that is transferred between the objects is called heat. Heat is
described as the energy that always flows from the hotter object to the
cooler object. Left to itself heat never flows from a colder object to a 
hotter object. The symbol Q is used to represent an amount of heat, which,
like other forms of energy, is measured in joules. If Q has a negative value,
heat has left the object; if Q has a positive value, heat has been absorbed
by the object. 

Conduction If you place one end of a metal rod in a flame, the hot gas
particles in the flame conduct heat to the rod. The other end of the rod also
becomes warm within a short period of time. Heat is conducted because
the particles in the rod are in direct contact with each other.

Convection Thermal energy transfer can occur even if the particles in an
object are not in direct contact with each other. Have you ever looked into
a pot of water just about to boil? The water at the bottom of the pot is
heated by conduction and rises to the top, while the colder water at the top
sinks to the bottom. Heat flows between the rising hot water and the
descending cold water. This motion of fluid in a liquid or gas caused by 
temperature differences is called convection. Atmospheric turbulence is
caused by convection of gases in the atmosphere. Thunderstorms are excel-
lent examples of large-scale atmospheric convection. Ocean currents that
cause changes in weather patterns also result from convection.

Radiation The third method of thermal transfer, unlike the first two, does
not depend on the presence of matter. The Sun warms Earth from over 
150 million km away via radiation, which is the transfer of energy by 
electromagnetic waves. These waves carry the energy from the hot Sun
through the vacuum of space to the much cooler Earth. 

Specific Heat
Some objects are easier to heat than others. On a bright summer day, the

Sun warms the sand on a beach and the ocean water. However, the sand
on the beach gets quite hot, while the ocean water stays relatively cool.
When heat flows into an object, its thermal energy and temperature
increase. The amount of the increase in temperature depends on the size
of the object and on the material from which the object is made. 

Meteorology ConnectionMeteorology Connection
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Heat Transfer A 5.10-kg cast-iron skillet is heated on the stove from 
295 K to 450 K. How much heat had to be transferred to the iron?

Analyze and Sketch the Problem
• Sketch the flow of heat into the skillet from the stove top. 

Known: Unknown:

m = 5.10 kg C = 450 J/kg�K Q = ?
Ti = 295 K Tf = 450 K

Solve for the Unknown
Q � mC(Tf � Ti)

� (5.10 kg)(450 J/kg�K)(450 K � 295 K) Substitute m � 5.10 kg, C � 450 J/kg�K, Tf � 450 K, Ti � 295 K

� 3.6�105 J

Evaluate the Answer
• Are the units correct? Heat is measured in J. 
• Does the sign make sense? Temperature increased, so Q is positive. 

3

2

1

Ti � 295 K

m � 5.10 kg

Tf � 450 K

Q

Math Handbook

Order of Operations 
page 843

The specific heat of a material
is the amount of energy that must
be added to the material to raise
the temperature of a unit mass by
one temperature unit. In SI units,
specific heat, represented by C, is
measured in J/kg�K. Table 12-1
provides values of specific heat 
for some common substances. For
example, 897 J must be added to 
1 kg of aluminum to raise its 
temperature by 1 K. The specific
heat of aluminum is therefore 
897 J/kg�K.

The heat gained or lost by an object as its temperature changes depends
on the mass, the change in temperature, and the specific heat of the sub-
stance. By using the following equation, you can calculate the amount of
heat, Q, that must be transferred to change the temperature of an object.

Liquid water has a high specific heat compared to the other substance in
Table 12-1. When the temperature of 10.0 kg of water is increased by 
5.0 K, the heat absorbed is Q � (10.0 kg)(4180 J/kg�K)(5.0 K) = 2.1�105 J.
Remember that the temperature interval for kelvins is the same as that for
Celsius degrees. For this reason, you can calculate �T in kelvins or in
degrees Celsius.

Heat Transfer Q � mC�T � mC(Tf � Ti)

Heat transfer is equal to the mass of an object times the specific heat of the
object times the difference between the final and initial temperatures.

Table 12-1
Specific Heat of Common Substances

Material
Specific Heat

(J/kg�K) Material
Specific Heat

(J/kg�K)

Aluminum

Brass

Carbon

Copper
Glass
Ice
Iron

897

376

710

385
840
2060
450

Lead

Methanol

Silver

Steam
Water
Zinc

130

2450

235

2020
4180
388
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3. When you turn on the hot water to wash dishes, the water pipes have to heat up. 
How much heat is absorbed by a copper water pipe with a mass of 2.3 kg when 
its temperature is raised from 20.0°C to 80.0°C? 

4. The cooling system of a car engine contains 20.0 L of water (1 L of water has a 
mass of 1 kg).

a. What is the change in the temperature of the water if the engine operates 
until 836.0 kJ of heat is added? 

b. Suppose that it is winter, and the car’s cooling system is filled with methanol. 
The density of methanol is 0.80 g/cm3. What would be the increase in 
temperature of the methanol if it absorbed 836.0 kJ of heat? 

c. Which is the better coolant, water or methanol? Explain.

5. Electric power companies sell electricity by the kWh, where 1 kWh � 3.6�106 J. 
Suppose that it costs $0.15 per kWh to run an electric water heater in your 
neighborhood. How much does it cost to heat 75 kg of water from 15°C to 43°C 
to fill a bathtub?
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Calorimetry: 
Measuring Specific Heat

A simple calorimeter, such as the one shown in
Figure 12-7, is a device used to measure changes in
thermal energy. A calorimeter is carefully insulated
so that heat transfer to the external world is kept 
to a minimum. A measured mass of a substance
that has been heated to a high temperature is
placed in the calorimeter. The calorimeter also 
contains a known mass of cold water at a measured
temperature. The heat released by the substance 
is transferred to the cooler water. The change in
thermal energy of the substance is calculated using
the resulting increase in the water temperature.
More sophisticated types of calorimeters are used to
measure chemical reactions and the energy content
of various foods.

The operation of a calorimeter depends on the
conservation of energy in an isolated, closed system.
Energy can neither enter nor leave this system. As a
result, if the energy of one part of the system
increases, the energy of another part of the system must decrease by the
same amount. Consider a system composed of two blocks of metal, block
A and block B, shown in Figure 12-8a on the next page. The total energy
of the system is constant, as represented by the following equation.

Conservation of Energy EA � EB � constant

In an isolated, closed system, the thermal energy of object A plus the thermal
energy of object B is constant.

ThermometerStirrer

Lid

Inner
container

Insulated outer
container

Test substance

Water

■ Figure 12-7 A calorimeter
provides an isolated, closed system
in which to measure energy
transfer. 
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Insulation

A

AB

B

EAB � EA � EB

EBEA

■ Figure 12-8 A system is
composed of two model blocks 
at different temperatures that
initially are separated (a). When
the blocks are brought together,
heat flows from the hotter block to
the colder block (b). Total energy
remains constant.

Suppose that the two blocks initially are separated but can be placed in
contact with each other. If the thermal energy of block A changes by an
amount �EA, then the change in thermal energy of block B, �EB, must be
related by the equation, �EA � �EB � 0. Thus, �EA � ��EB. The change 
in energy of one block is positive, while the change in energy of the other
block is negative. For the block whose thermal energy change is positive,
the temperature of the block rises. For the block whose thermal energy
change is negative, the temperature falls.

Assume that the initial temperatures of the two blocks are different.
When the blocks are brought together, heat flows from the hotter block 
to the colder block, as shown in Figure 12-8b. The heat flow continues
until the blocks are in thermal equilibrium, which is when the blocks have
the same temperature.

In an isolated, closed system, the change in thermal energy is equal to
the heat transferred because no work is done. Therefore, the change in
energy for each block can be expressed by the following equation:

�E � Q � mC�T

The increase in thermal energy of block A is equal to the decrease in
thermal energy of block B. Thus, the following relationship is true:

mACA�TA � mBCB�TB � 0

The change in temperature is the difference between the final and initial
temperatures; that is, �T � Tf � Ti. If the temperature of a block increases,
Tf � Ti, and �T is positive. If the temperature of the block decreases, 
Tf � Ti, and �T is negative. The final temperatures of the two blocks are
equal. The following is the equation for the transfer of energy:

mACA(Tf � TA) � mBCB(Tf � TB) � 0

To solve for Tf, expand the equation.

mACATf � mACATA � mBCBTf � mBCBTB � 0

Tf(mACA � mBCB) � mACATA � mBCBTB

Tf �
mACATA � mBCBTB���

mACA � mBCB

a

b
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Transferring Heat in a Calorimeter A calorimeter
contains 0.50 kg of water at 15°C. A 0.040-kg block
of zinc at 115°C is placed in the water. What is the
final temperature of the system?

Analyze and Sketch the Problem
• Let zinc be sample A and water be sample B. 
• Sketch the transfer of heat from the hotter

zinc to the cooler water.

Known: Unknown:

mA � 0.040 kg Tf � ?
CA � 388 J/kg�°C
TA � 115°C
mB � 0.50 kg
CB � 4180 J/kg�°C
TB � 15.0°C

Solve for the Unknown
Determine the final temperature using the following equation.

Tf �

�

� 16°C

Evaluate the Answer
• Are the units correct? Temperature is measured in Celsius.
• Is the magnitude realistic? The answer is between the initial temperatures 

of the two samples, as is expected when using a calorimeter.

3

Substitute mA � 0.040 kg, 
CA � 388 J/kg�°C, TA � 115°C, 
mB � 0.50 kg, CB � 4180 J/kg�°C,
TB � 15°C

(0.040 kg)(388 J/kg�°C)(115°C) � (0.50 kg)(4180 J/kg�°C)(15.0°C)
��������

(0.040 kg)(388 J/kg�°C) � (0.50 kg)(4180 J/kg�°C)

mACATA � mBCBTB���
mACA � mBCB

2

1

mB � 0.50 kg
  TB � 15°C

mA � 0.040 kg
 TA � 115°C
  Tf � ?

Before block of
zinc is placed

After block of 
zinc is placed

Zinc

Water
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6. A 2.00�102-g sample of water at 80.0°C is mixed with 2.00�102 g 
of water at 10.0°C. Assume that there is no heat loss to the
surroundings. What is the final temperature of the mixture? 

7. A 4.00�102-g sample of methanol at 16.0°C is mixed with 
4.00�102 g of water at 85.0°C. Assume that there is no heat loss to
the surroundings. What is the final temperature of the mixture? 

8. Three lead fishing weights, each with a mass of 1.00�102 g and at a
temperature of 100.0°C, are placed in 1.00�102 g of water at 35.0°C.
The final temperature of the mixture is 45.0°C. What is the specific
heat of the lead in the weights?

9. A 1.00�102-g aluminum block at 100.0°C is placed in 1.00�102 g of
water at 10.0°C. The final temperature of the mixture is 25.0°C. 
What is the specific heat of the aluminum?

Math Handbook

Operations with
Significant Digits
pages 835—836
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10. Temperature Make the following conversions. 

a. 5°C to kelvins 

b. 34 K to degrees Celsius 

c. 212°C to kelvins 

d. 316 K to degrees Celsius

11. Conversions Convert the following Celsius tem-
peratures to Kelvin temperatures.

a. 28°C
b. 154°C
c. 568°C 

d. �55°C 

e. �184°C

12. Thermal Energy Could the thermal energy of a
bowl of hot water equal that of a bowl of cold
water? Explain your answer.

13. Heat Flow On a dinner plate, a baked potato
always stays hot longer than any other food. Why?

14. Heat The hard tile floor of a bathroom always feels
cold to bare feet even though the rest of the room is
warm. Is the floor colder than the rest of the room?

15. Specific Heat If you take a plastic spoon out of a
cup of hot cocoa and put it in your mouth, you are
not likely to burn your tongue. However, you could
very easily burn your tongue if you put the hot
cocoa in your mouth. Why?

16. Heat Chefs often use cooking pans made of thick
aluminum. Why is thick aluminum better than thin
aluminum for cooking?

17. Heat and Food It takes much longer to bake a
whole potato than to cook french fries. Why?

18. Critical Thinking As water heats in a pot on a
stove, the water might produce some mist above its
surface right before the water begins to roll. What
is happening, and where is the coolest part of the
water in the pot?

12.1 Section Review

physicspp.com/self_check_quiz

Biology ConnectionBiology Connection

■ Figure 12-9 A lizard regulates
its body temperature by hiding
under a rock when the atmosphere
is hot (a) and sunbathing when
the atmosphere gets cold (b).

Animals can be divided into two groups based on their body tempera-
tures. Most are cold-blooded animals whose body temperatures depend
on the environment. The others are warm-blooded animals whose body
temperatures are controlled internally. That is, a warm-blooded animal’s
body temperature remains stable regardless of the temperature of the envi-
ronment. In contrast, when the temperature of the environment is high,
the body temperature of a cold-blooded animal also becomes high. A
cold-blooded animal, such as the lizard shown in Figure 12-9, regulates
this heat flow by hiding under a rock or crevice, thereby reducing its body
temperature. Humans are warm-blooded and have a body temperature of
about 37°C. To regulate its body temperature, a warm-blooded 
animal increases or decreases the level of its metabolic processes. Thus, a
warm-blooded animal may hibernate in winter and reduce its body tem-
perature to approach the freezing point of water. 

a b

(l)John Cancalosi/Peter Arnold, Inc., (r)Jenny Hager/The Image Works
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