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Summary

When matter gets warmer, the atoms or molecules in
the matter move faster.

21.1 Temperature
The higher the temperature of a substance, the faster is the motion of 
its molecules.

Temperature tells how hot or cold something is compared with a
standard.
On the Celsius scale, the number 0 is the temperature at which water
freezes, and the number 100 is the temperature at which water boils (at
standard atmospheric pressure).
On the Fahrenheit scale, the number 32 designates the temperature at
which water freezes, and the number 212 is the temperature at which
water boils (at 1 atm).
On the Kelvin scale, the number 0 is absolute zero, the temperature
at which a substance has no kinetic energy to give up. Absolute zero
corresponds to –273 C.
Temperature is proportional to the average kinetic energy of molecular
translational motion (that is, motion along a straight or curved path).

21.2 Heat
When two substances of different temperatures are in thermal contact, 
heat flows from the higher-temperature substance into the lower-
temperature substance.

The energy that transfers from one object to another because of a
temperature difference between them is called heat.
Matter does not contain heat. Heat is energy in transit. Energy resulting
from heat flow is sometimes called thermal energy. Scientists prefer the
name internal energy.
When heat flows from one object or substance to another it is in contact
with, the objects or substances are said to be in thermal contact.

21.3 Thermal Equilibrium
When a thermometer is in contact with a substance, heat flows 
between them until they have the same temperature.

After objects in thermal contact with each other reach the same
temperature, so that no heat flows between them, the objects are in
thermal equilibrium.
We read a thermometer after it reaches thermal equilibrium with the
substance being measured. The temperature of the thermometer is also
the temperature of the substance.
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21.4 Internal Energy
When a substance takes in or gives off heat, its internal energy changes.

The total of all energies inside a substance is called internal energy.
Absorbed heat may make the molecules of a substance jostle faster, or
may make the substance undergo a phase change.

21.5 Measurement of Heat
The amount of heat transferred can be determined by measuring the 
temperature change of a known mass of a substance that absorbs the 
heat.

The calorie is the amount of heat required to raise the temperature of
1 gram of water by 1 C.
The kilocalorie is 1000 calories (the heat required to raise the
temperature of 1 kilogram of water by 1 C). The heat unit used in
rating foods is actually a kilocalorie, although it’s often referred to as
the calorie. The food unit is sometimes called a Calorie (written with a
capital C).
The SI unit for heat and other forms of energy is the joule; 1 calorie
equals 4.186 J.

21.6 Specific Heat Capacity
The capacity of a substance to store heat depends on its chemical 
composition.

Different substances have different capacities for storing internal energy.
The specific heat capacity of a material is the quantity of heat required to
raise the temperature of a unit mass of the material by 1 degree. Specific
heat capacity is like thermal inertia since it signifies the resistance of a
substance to change in its temperature.
Absorbed energy that increases the translational speed of molecules
is responsible for increases in temperature. Absorbed energy may also
increase the rotation of molecules, increase the internal vibrations within
molecules, or stretch intermolecular bonds and be stored as potential
energy.

21.7 The High Specific Heat Capacity of Water
The property of water to resist changes in temperature improves the 
climate in many places.

Water has a much higher capacity for storing energy than most common
materials. A relatively small amount of water absorbs a greater deal of
heat for a correspondingly small temperature rise. Because of this, water
is a very useful cooling agent.
Water’s capacity to store heat also affects the global climate. Water takes
more energy to heat up than land does.



Name ___________________________ Class __________________ Date  ____________

Chapter 21 Temperature, Heat, and Expansion
©

 Pe
ars

on
 Ed

uc
ati

on
, I

nc
., 

or 
its

 af
fili

ate
(s)

. A
ll r

igh
ts 

res
erv

ed
.

 Conceptual Physics Reading and Study Workbook Chapter 21 169

If water did not have a high heat capacity, the countries of Europe
would be as cold as the northeastern regions of Canada. The Atlantic
current known as the Gulf Stream brings warm water northeast from
the Caribbean to the coast of Europe, where it then cools. The energy
released is carried by prevailing westerly winds over the European
continent.
The climates differ on the east and west coasts of North America.
Because of water’s high heat capacity, ocean temperature does not vary
much from summer to winter. The water warms the air near western
coastal regions in winter and cools it in summer.
Land, with a lower specific heat capacity, gets hot in summer but cools
rapidly in winter, so the east coast is generally hotter in summer and
cooler in winter than the west coast.

21.8 Thermal Expansion
Most forms of matter—solids, liquids, and gases—expand when they 
are heated and contract when they are cooled.

When the temperature of a substance is increased, its molecules jiggle
faster and normally tend to move farther apart, resulting in expansion.
For comparable pressures and comparable changes in temperature,
gases generally expand or contract much more than liquids, and liquids
expand or contract more than solids.
Concrete sidewalks and highway paving are laid in sections separated
by small gaps to allow for expansion and contraction due to differences
in summer and winter temperatures. The expansion of materials must
be allowed for in the construction of structures and devices of all kinds,
such as dental filling materials, automobile engine pistons, and bridges.
In a bimetallic strip, two strips of different metals, say one of brass
and the other of iron, are welded or riveted together. Because the two
substances expand at different rates, the strip bends when heated or
cooled.
A thermostat is a device that uses a bimetallic strip to control
temperature. As the temperature of a room changes, the back-and-forth
bending of the bimetallic coil opens and closes an electric circuit, turning
the heat on or off.

21.9 Expansion of Water
At 0 C, ice is less dense than water, and so ice floats on water.

Unlike almost all other liquids, water at the temperature of melting ice,
0 C, contracts when the temperature is increased. As the water is heated,
it continues to contract until it reaches a temperature of 4 C. Then it
begins to expand.
A given amount of water has its smallest volume—and its greatest
density—at 4 C. The same amount of water has its largest volume—and
smallest density—as ice.
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Ice has open-structured crystals. These crystals result from the angular
shape of the water molecules, plus the fact that the forces binding water
molecules together are strongest at certain angles. Water molecules in
this open structure occupy a greater volume than they do in the liquid
state.
When ice melts, not all the crystals collapse right away. Ice water is
therefore less dense than slightly warmer water. The collapsing of ice
crystals plus increased molecular motion with increasing temperature
combine to make water most dense at 4 C.
The behavior of water is of great importance in nature. If the greatest
density of water were at its freezing point, ponds would freeze from the
bottom up, and pond organisms would be destroyed in winter months.
Instead, water at the freezing point, 0 C, is less dense and floats, so ice
forms at the surface while the pond remains liquid below the ice.
As pond water cools from higher temperatures to freezing, it must first
cool to 4 C. If the water below the surface is any temperature other than
4 C, it will sink before cooling. Because of water’s high specific heat and
poor ability to conduct heat, the bottom of deep lakes in cold regions is a
constant 4 C the year round.


