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Chapter8 Physical Properties of Matter

In 1907, a Belgian-born New York chemist named 
Leo Baekeland (1863-1944) created a liquid substance 
that hardened rapidly and formed an exact replica of 
any container that held it. The new material would not 
burn, boil, melt, or dissolve in any commonly 
available acid or solvent. This meant that once it was 
hard, it would never change under normal 
circumstances. The new substance, which Baekeland 
called Bakelite, was the first useful plastic. Since then, 
many more plastics have been developed for many 
different uses. In fact, it is hard to imagine life without 
plastics.

The physical properties of plastics that make them 
useful come from the shape and arrangement of 
plastic molecules. Scientists can even “engineer” 
molecules so that they can be used for different 
purposes. In this chapter you will learn about the 
physical properties of matter and how those properties 
are directly related to the shape, arrangement, and 
behavior of atoms and molecules. 

Key Questions
What makes a material strong?

Why does a steel boat float but 

a steel cube does not?

Why does heating the air inside 

a balloon cause it to float in the 

air?
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Figure 8.1: Physical and chemical 
properties of iron.

Vocabulary

physical properties, chemical 

properties, density, crystalline, 

amorphous, stress, tensile 

strength, elasticity, brittleness, 

thermal expansion

Objectives

Distinguish between physical and 

chemical properties.

Calculate the density of a 

substance.

Calculate stress.

Give examples of brittleness, 

elasticity, tensile strength, and 

thermal expansion.

8.1 Properties of Solids
You have learned that matter is made up of tiny atoms and molecules. In a solid the atoms or
molecules are closely packed, and stay in place. That is why solids hold their shape. In this section
you will learn how the properties of solids result from the behavior of atoms and molecules.

Matter has physical and chemical properties
Characteristics

of matter
Different types of matter have different characteristics. They melt and boil at
different temperatures. They might be different colors or have different odors.
Some can stretch without breaking, while others shatter easily. These and
other properties help us distinguish one kind of matter from another. They
also help us choose which kind of material to use for a specific purpose.

Physical
properties

Characteristics that can you can see through direct observation are called
physical properties. Physical properties include color, texture, density,
brittleness, and state (solid, liquid, or gas). Substances can often be identified
by their physical properties. For example, water is a colorless, odorless
substance that exists as a liquid at room temperature. Gold is shiny, exists as a
solid at room temperature, and can be pounded into very thin sheets.

Physical
changes

A physical change is any change in the size, shape, or phase of matter in
which the identity of a substance does not change. Physical changes are
reversible. For example, when water is frozen, it changes from a liquid to a
solid. This does not change the water into a new substance. It is still water,
only in solid form. The change can easily be reversed by melting the water.
Bending a steel bar is another physical change.

Chemical
properties

Properties that can only be observed when one substance changes into a
different substance are called chemical properties. For example, if you
leave an iron nail outside, it will eventually rust. A chemical property of iron
is that it reacts with oxygen in the air to form iron oxide (rust). Any change
that transforms one substance into a different substance is called a chemical
change (Figure 8.1). Chemical changes are not easily reversible. Rusted iron
will not turn shiny again even if you take it away from oxygen in the air.
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Density is a physical property of matter
The definition of

density
Density is the ratio of mass to volume. Density is a property of solids, liquids,
and gases. To find the density of a material, you divide its mass by its volume.
You can calculate volume if you know density and mass. You can calculate
mass if you know density and volume. Physicists and engineers use units of
kilograms per cubic meter for density. In classroom experiments, it is more
convenient to use units of grams per cubic centimeter.

Density of
homogeneous

materials

The densities of a steel nail and a steel cube are the same. For example, a steel
cube one meter on a side has a mass of 7,800 kilograms. A steel nail has a
volume of 1.6 millionths of a cubic meter (1.6 × 10-6 m3) and a mass of
0.0125 kg. Although they have different size and mass, both objects have the
same density of 7,800 kg/m3. Figure 8.2 shows the calculations in g/cm3. For a
material that is the same throughout, the density is the same and does not
depend on the amount of the material you have.

Solids have a
wide range of

density

Solids have a wide range of densities (Figure 8.3). One of the densest metals is
platinum with a density of 21,500 kg/m3. Platinum is twice as dense as lead
and almost three times as dense as steel. A ring made of platinum has three
times as much mass as a ring of the exact same size made of steel. Rock has a
lower density than metals, between 2,200 and 2,700 kg/m3. As you might
expect, the density of wood is less than rock, ranging from 400 to 600 kg/m3.

Density of
liquids and

gases

The density of water is 1,000 kg/m3 and many common liquids have densities
between 500 and 1,500 kg/m3. The density of air and other gases is much
lower. The air in your room has a density near 1 kg/m3. Gases have low
density because the molecules in a gas are far from each other.

Figure 8.2: The density of a steel nail is the 
same as the density of a solid cube of steel.

Figure 8.3: The densities of some common 
materials.

Material  (kg/m3)  (g/cm3)
Platinum 21,500 21.5
Lead 11,300 11.3
Steel 7,800 7.8
Titanium 4,500 4.5
Aluminum 2,700 2.7
Glass 2,700 2.7
Granite 2,600 2.6
Concrete 2,300 2.3
Plastic 2,000 2.0
Rubber 1,200 1.2
Liquid water 1,000 1.0
Ice 920 0.92
Oak (wood) 600 0.60
Pine (wood) 440 0.44
Cork 120 0.12
Air (avg.) 0.9 0.0009
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Figure 8.4: Relationships to use when 
solving density problems.

Figure 8.5: The carbon atoms in diamond 
are packed relatively tightly while the carbon 
atoms are packed much more loosely.

Use. . . . . . if you 
know . . .

 . . . and 
want to 
find . . .

D = m ÷ V mass and 
volume density

m = D × V volume and 
density mass

V = m ÷ D mass and 
density volume

Why density varies
Atoms have

different masses
The density of a material depends on two things. One is the individual mass
of each atom or molecule. The other is how closely the atoms or molecules
are packed together. Lead is a very dense metal compared to aluminum. One
atom of lead has 7.7 times more mass than one atom of aluminum. Solid lead
is denser than solid aluminum mostly because a single lead atom has more
mass than an aluminum atom.

Atoms may be
“packed” loose

or tight

Density also depends on how tightly the atoms and molecules are “packed.”
Diamond is made of carbon atoms and has a density of 3,500 kg/m3. The
carbon atoms in diamond are relatively closely packed together. Paraffin wax
is also mostly carbon but the density of paraffin is only 870 kg/m3. The
density of paraffin is low because the carbon atoms are mixed with hydrogen
atoms in long molecules that take up a lot of space.

Solving density
problems

Density problems usually ask you to find one of the three variables (mass,
volume, density) given the other two. Figure 8.4 shows three forms of the
density equation you can use. Which one you choose depends on what you
are asked to find.

Using the 
density 

equation

Titanium has a density of 4.5 g/cm3. What is the volume of a cube of titanium 
that has a mass of 4,500 g?

1. Looking for: You are looking for the volume of a solid.

2. Given: You are given the density and mass.

3. Relationships: V = m ÷ D

4. Solution: V = 4,500 g  ÷  4.5 g/cm3 = 1,000 cm3

Your turn...
a. What is the density of a cork that has a mass of 0.24 g and a volume of 

2.0 cm3? Answer: 0.12 g/cm3

b. What is the mass of an ice cube that has a volume of 8.0 cm3? (The density of 
ice is 0.92 g/cm3) Answer: 7.4 g
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The arrangement of atoms and molecules in solids
Crystalline and

amorphous
solids

The atoms or molecules in a solid are arranged in two ways. If the particles are
arranged in an orderly, repeating pattern, the solid is called crystalline.
Examples of crystalline solids include salts, minerals, and metals. If the
particles are arranged in a random way, the solid is amorphous. Examples of
amorphous solids include rubber, wax, and glass.

Crystalline
solids

Most solids on Earth are crystalline. Some materials, like salt, exist as single
crystals and you can see the arrangement of atoms reflected in the shape of the
crystal. If you look at a crystal of table salt under a microscope, you see that it
is cubic in shape. If you could examine the arrangement of atoms, you would
see that the shape of the crystal comes from the cubic arrangement of sodium
and chlorine atoms (Figure 8.6). Metals are also crystalline. They don’t look
like “crystals” because solid metal is made from very tiny crystals fused
together in a jumble of different orientations (Figure 8.7).

Amorphous
solids

The word amorphous comes from the Greek for “without shape.” Unlike
crystals, amorphous solids do not have a repetitive pattern in the arrangement
of molecules or atoms. The atoms or molecules are randomly arranged. While
amorphous solids also hold their shape, they are often softer and more elastic
than crystalline solids. This is because a molecule in an amorphous solid is not
tightly connected to as many neighboring molecules as it would be in a
crystalline solid. Glass is a common amorphous solid. Glass is hard and brittle
because it is made from molten silica crystals that are cooled quickly, before
they have time to re-crystallize. The rapid cooling leaves the silica molecules
in a random arrangement. Plastic is another useful amorphous solid.

Figure 8.6: The shape of a salt crystal is 
due to the arrangement of sodium and 
chlorine atoms.

Figure 8.7: Metallic crystals in steel. 
Single crystals are very small. This image is 
taken with an electron microscope at very 
high magnification.
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Figure 8.8: Two questions that we use to 
define the physical strength of an object.

Figure 8.9: It takes a much larger force to 
break a beam of oak than to break a thin stick.

Solids vary in their strength
The meaning of

“strength”
When you apply a force to an object, the object may change its size, shape, or
both. The concept of physical “strength” means the ability of a solid object to
maintain its shape even when force is applied. The strength of an object
depends on the answers to two questions (Figure 8.8): 
1. How much does the object bend or deform when force is applied? 
2. How much force can the object take before it breaks?

Strength and
design

The strength of an object can be broken down into design and materials.
Design means size and shape. For example, think of two beams, thin and
thick, made of oak, a strong wood. Both beams are the same material (oak)
but have different strengths because of their design. A small force can break
the thin beam. The thicker beam takes much more force to break (Figure 8.9).
To properly assess the strength of oak as a material, we need to separate the
effects of shape and size.

 Force and
stress

The strength of solid materials is described best in terms of stress, not force.
Stress is the ratio of the force acting through the material divided by the
cross-section area through which the force is carried. The cross-section area
is the area perpendicular to the direction of the force. Dividing force by cross-
section area (mostly) separates out the effects of size and shape from the
strength properties of the material itself. The Greek letter sigma (σ) is used
for stress. Stress (σ) is force (F) divided by the area (A) of the cross-section.
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Solving problems with stress
Units for stress The metric unit of stress is the pascal (Pa). One pascal is equal to one newton

of force per square meter of area (1 N/m2). Most stresses are much larger than
one pascal. Strong materials like steel and aluminum can take stresses of
100 million pascals. The English unit for stress is pounds per square inch (psi).
A stress of one psi is equivalent to one pound of force for each square inch of
area (1 lb/in2).

Tensile strength Tensile strength is a measure of how much stress in pulling, or tension, a
material can withstand before breaking (Figure 8.10). Strong materials like
steel have high tensile strength. Weak materials like wax and rubber have low
tensile strength. Brittle materials also have low tensile strength. Figure 8.11
lists the tensile strength of some common materials.

Stress problems Materials break when the stress reaches or exceeds the tensile strength. In
many problems you can find the force at which something will break by
multiplying the tensile strength by the cross-section area.

Calculating 
stress

20,000 newtons of force is applied to a steel beam with a cross-section area of 
0.5 m2. Calculate the stress on the steel beam.

1. Looking for: You are looking for stress.

2. Given: You are given the force applied in newtons and the cross 
section area in m2.

3. Relationships: Use the stress equation: σ = F/A

4. Solution: σ = 20,000 N/0.5m2 = 40,000 N/m2

Your turn...
a. The maximum stress on a wooden beam with a cross-section area of 0.20 m2 is 

5,000 N/m2. What is the maximum force that can be applied to the beam 
before it breaks? Answer: 1,000 N

b. 45 N is the amount of force that breaks a pencil with a cross-section area of 
0.002 m2. Calculate the maximum stress the pencil can take. 
Answer: 22,500 N/m2

Figure 8.10: Tensile strength measures 
how much pulling or tension a material can 
withstand before breaking.

Figure 8.11: Tensile strength of some 
common materials.

Material Tensile strength
(MPa)

1 MPa = 1 million Pa

Titanium 900

Steel (alloy) 825

Steel (type 1010) 400

Aluminum (alloy) 290

Aluminum (pure) 110

Oak (wood) 95

Pine (wood) 60

Nylon plastic 55

Rubber 14
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Figure 8.12: Brittleness is the tendency of 
a solid to crack when force is applied.

Safety glass
Automobile safety glass was 
discovered by accident. In 1903, a 
French chemist named Edouard 
Benedictus dropped a glass flask 
in the lab. The flask was full of 
cracks, but surprisingly, the pieces 
did not scatter across the floor. 
The shape of the flask remained 
intact. The flask had been used to 
store a chemical called cellulose 
nitrate. Although the chemical had 
evaporated, it left a plastic film on 
the inside of the glass. Initially, 
Benedictus had a hard time selling 
his shatter-resistant glass to 
automobile manufacturers. During 
World War I, he sold it for use in 
gas mask lenses. Soon after the 
war, the auto industry began using 
his glass.

Elasticity, brittleness, and bending
What is

elasticity?
If you pull on a rubber band, its shape changes. If you let it go, the rubber
band returns to its original shape. Rubber bands can stretch many times their
original length before breaking, a property called elasticity. Elasticity
describes a solid’s ability to be stretched and then return to its original size.
This property also gives objects the ability to bounce and to withstand impact
without breaking. Materials that do not return to their original shape are
inelastic. Clay and soft metals like lead are inelastic. Clay or lead objects do
not return to their original shape once they are squashed or bent.

Brittleness Brittleness is defined as the tendency of a solid to crack or break when
forces are applied. A brittle material breaks at a low value of stress. Glass is a
good example of a brittle material. You cannot stretch glass even one-tenth of
a percent (0.001) before it breaks. However, if you heat glass until it is almost
melted, you can stretch it. This is because heating causes its particles to move
faster, temporarily breaking the forces that hold them together.

Bending You don’t usually try and stretch a 2×4 piece of wood. You might make a
deck and stand on it, though. Using a wood 2×4 to make a deck puts the 2×4
in bending instead of tension. However, stress and tensile strength also
describe how materials break in bending. Imagine you have a rubber bar.
When you bend the bar, it stretches in tension on one side and squeezes
together in compression on the other side. The bar breaks when the stress on
the tension side reaches the tensile strength of the material. In a similar way, a
2×4 used in a deck will break when the stress on the lower side reaches the
tensile strength.
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Thermal expansion
Particles and

thermal
expansion

As the temperature increases, the kinetic energy in vibration of the atoms and
molecules also increases. The increased vibration makes each particle take up
a little more space, causing thermal expansion. Almost all solid materials
expand as the temperature increases. Some materials (like plastic) expand a
great deal. Other materials (like glass) expand only a little.

The coefficient
of thermal
expansion

The coefficient of thermal expansion describes how much a material expands
for each degree change in temperature. A material with a thermal expansion
coefficient of 10-4 per degree Celsius means each one degree Celsius rise in
temperature causes an object to expand by 0.0001 times its original length.
Figure 8.14 gives the thermal expansion coefficient for common materials. 

Materials
contract as well

as expand

The thermal expansion coefficient works both ways. If the temperature
decreases, objects contract. The amount of contraction or expansion is equal
to the temperature change times the coefficient of thermal expansion. 

Thermal stress Very large stresses can develop if objects are prevented from expanding or
contracting with temperature. Drop an ice cube in hot water and you can hear
it crack from thermal stress. Thermal stresses can be great enough to cause
cracks and failure in buildings and other structures. All bridges longer than a
certain size have special joints that allow the bridge surface to expand and
contract with the seasons (Figure 8.13). The bridge surface would crack
without these expansion joints.

8.1 Section Review

1. Name one example of a physical change and one example of a chemical change.

2. Aluminum has a density of 2,700 kg/m3. What is the mass of a cube of aluminum that

measures 2.5 cm (.025 m) on each side?

3. A man weighing 800 N is hanging from a 2 mm diameter titanium wire with a cross-section

of 3 × 10-6 m2. Will the wire break?

4. Name one example of a material for each set of properties:

a. high elasticity and high tensile strength. c. crystalline and brittle.

b. amorphous and brittle. d. crystalline and elastic.

Figure 8.13: Bridges have expansion joints 
to allow for thermal expansion of concrete.

Figure 8.14: Thermal expansion 
coefficients for some materials.

Material

Coefficient of 
thermal 

expansion 
(x10-5 per °C)

Steel 1.2
Brass 1.8
Aluminum 2.4
Glass 2.0
Copper 1.7
Concrete 1
Nylon plastic 8
Rock 7
Rubber 16
Wood 3
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Figure 8.15: Neatly stacked toy blocks take 
up less space than blocks that are not as 
orderly.

Vocabulary

fluid, buoyancy, Archimedes’ 

principle, pressure, Bernoulli’s 

principle, viscosity

Objectives

Explain why liquids are generally 

less dense than solids.

Explain why solid water is less 

dense than liquid water.

Describe the conditions 

necessary for an object to float.

Explain what pressure is.

Describe how energy conservation 

applies to fluids.

Explain the meaning of viscosity.

8.2 Fluids
A fluid is defined as any matter that flows when force is applied. Liquids like water are one kind of
fluid. Gases, like air, are also fluids. You may notice cool air flowing into a room when a window
is opened, or the smell of someone’s perfume drifting your way. These examples provide evidence
that gases flow. What are some other properties of fluids?

Density of fluids
How could you

find the density
of liquid silver?

A piece of pure silver in the shape of a candlestick has the same density as a
pure silver coin. Size and shape do not change a material’s density. But what
if you heated the silver until it completely melted? Could you measure its
density in liquid form? Would the density change?

Atoms
in liquid form

tend to take up
more space

The density of a liquid is the ratio of mass to volume, just like the density of a
solid. The mass of the silver does not change when the candlestick is melted.
The volume of the liquid silver, however, is greater than the volume of the
solid silver. The particles in a solid, as you remember, are fixed in position.
Although the silver atoms in a candlestick are constantly vibrating, they
cannot switch places with other atoms. They are neatly stacked in a repeating
pattern. The atoms in the liquid silver are less rigidly organized. They can
slide over and around each other and take up a little more space.

Why liquids
are less dense

than solids

The silver atoms in solid form can be compared to a brand-new box of
children’s wooden blocks. When you open the box, the blocks are tightly
packed in an organized, repeating pattern. Now imagine that you empty the
box of blocks into a large container, and then pour them back into their
original box. Although the blocks are still touching one another, they do not
fit entirely inside the box. The blocks now resemble the arrangement of silver
atoms in liquid form (Figure 8.15).
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Comparing liquid and solid densities
The density of

liquid silver
The density of silver is lower in its liquid state but not by as much as you
might think. The table below gives some actual data. Liquid silver is about
13% less dense than solid silver. This ratio of liquid to solid densities is typical
of metals.

Temperature and
solid density

The density of most solids decreases slightly as temperature increases because
solids expand when heated. As the temperature of the solid silver increases,
the volume increases slightly, even before the silver melts. This is due to the
increased vibration of the silver atoms.

Water is
less dense in

solid form

Most materials are denser in their solid state than in their liquid state. Water is
a notable exception. Solid water has a very open crystal structure that
resembles a honeycomb where each water molecule forms intermolecular
bonds with four other water molecules (Figure 8.16). This creates a six-sided
arrangement of molecules. The six-sided crystal form explains six-way shapes
you see when you examine snowflakes with a magnifying lens.

Decreasing
density

As water freezes, molecules of water separate slightly from each other because
of the honeycomb structure. This causes the volume to increase slightly, while
the mass stays the same. As a result the density decreases. This explains why
water expands when it is frozen and floats. The density of ice is 920 kg/m3

whereas the density of liquid water is 1,000 kg/m3.
Water’s density

and living
organisms

Because ice is less dense than liquid water, it floats on the surface of lakes and
ponds when they freeze over in winter. When this occurs, the temperature of
the water below the ice layer remains above freezing. This is one factor that
helps fish and other aquatic organisms to survive over long, cold winters
(Figure 8.17).

Table 8.1:  Density of solid and liquid silver

Mass Volume Density

Candlestick (at 20°C) 1.30 kg 0.00012 m3 10,833 kg/m3

Melted candlestick (962°C) 1.30 kg 0.00014 m3 9,286 kg/m3

Figure 8.16: Water freezes in a rigid 
pattern that causes the molecules to separate 
slightly from each other.

Figure 8.17: Ice floats on the surface of a 
pond, keeping the pond water beneath it from 
reaching freezing temperatures.
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Figure 8.18: Demonstrating the buoyant 
force of water on a rock. When the rock is 
suspended in air, it weighs 2.25 N. In water, 
the same rock has an apparent weight of 
1.8 N.

How can steel float?
Steel has a density of 7,800 kg/m3 
compared to water’s 1,000 kg/m3. 
Solid steel sinks because of the 
difference in density. To make 
steel float, its average density 
must be made less than that of 
water. In a boat, the steel is 
flattened and shaped so it takes up 
much more space than solid steel. 
One cubic meter of steel can 
easily make a boat with 10 cubic 
meters of volume. The average 
density of this boat is 780 kg/m3. 
This is less dense than water so 
the boat floats.

Buoyancy
What is

buoyancy?
It is much easier to lift yourself in a swimming pool compared with lifting
yourself on land. That’s because the water is exerting an upward force on
you. We call this force buoyancy. Buoyancy is a measure of the upward
force a fluid exerts on an object that is immersed.

Demonstrating
buoyancy

A simple experiment demonstrates the buoyancy force. A rock is weighed
with a spring scale. The scale measures 2.25 newtons. Next, the rock is
immersed in water, but not allowed to touch the bottom or sides of the
container. Now the spring scale measures 1.8 newtons (Figure 8.18). The
water has exerted a buoyancy force of 0.45 newtons on the rock.

Archimedes’
principle

In the third century BC, a Greek mathematician named Archimedes realized
the buoyancy force is equal to the weight of fluid displaced by an object. We
call this relationship Archimedes’ principle. Archimedes’ principle tells us
that the water displaced by the rock in the experiment above had a weight of
0.45 newtons. Archimedes’ principle can be used to find the buoyant force in
any liquid once you know the density.

Why objects sink
and float

Buoyancy explains why some objects sink and others float. An object floats if
the buoyant force is greater than its weight. If the buoyant force is less than its
weight, then the object will sink. Neutral buoyancy occurs when the buoyant
force is equal to the weight of the object. When an object is neutrally
buoyant, it will stay immersed in the liquid at the level where it was placed.
Scuba divers use weights and a buoyancy control device (or BCD) to help
them maintain neutral buoyancy. When a scuba diver is neutrally buoyant he
or she can swim and move underwater without rising or sinking.

Buoyancy and
density

Buoyancy forces are created by differences in density. An object with the
same density of water has neutral buoyancy because the weight of water
displaced is the same as the weight of the object. An object with a density
greater than 1,000 kg/m3 sinks because the weight of water displaced is less
than the weight of the object. An object with density less than 1,000 kg/m3

floats because the weight of water displaced is more than the weight of the
object.
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Pressure
Force and fluids Think about what happens when you push down on a balloon. The downward

force you apply creates forces that act sideways as well as down. This is very
different from what happens when you push down on a solid bowling ball. The
ball transmits the force directly down. Because fluids change shape, forces in
fluids are more complicated than forces in solids.

Pressure A force applied to a fluid creates pressure instead of stress. Like stress,
pressure is a ratio of force per unit area. Unlike stress however, pressure acts in
all directions, not just the direction of the applied force.

Pressure is an
important

concept

The idea of pressure helps explain how fluids move and how they act on
surfaces, such as containers. The motion of fluids depends on pressure and
density in a similar way as the motion of solids depends on force and mass.

Units of pressure Pressure is force per unit area, like stress. A pressure of 1 N/m2 means a force
of one newton acts on each square meter of surface. The metric unit of
pressure is the pascal (Pa). One pascal is one newton of force per square meter
of area (1 Pa = 1 N/m2). The English unit of pressure is pounds per square inch
(psi). One psi means one pound of force per square inch of area (lb/in2). 

Pressure
underwater

Gravity creates pressure because fluids have weight. The pressure increases
the deeper you go beneath the surface of the ocean because the weight of water
above you increases with depth. One thousand meters beneath the ocean
surface, the pressure is 9,800,000 Pa, almost 100 times the pressure of the air
you are breathing (Figure 8.20)! Earth’s atmosphere has a pressure due to the
weight of air. The density of air is very low, but the atmosphere is more than
80,000 meters deep (Figure 8.19). Atmospheric pressure at ground level is
about 100,000 Pa. We are not crushed by atmospheric pressure because the
pressure of air inside our lungs is the same as the pressure outside.

Figure 8.19: The pressure of the 
atmosphere comes from the weight of air and 
decreases with altitude.

Figure 8.20: The pressure in a liquid is 
created by the weight of liquid above. 
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Figure 8.21: The molecular explanation of 
pressure.

Figure 8.22: The pressure inside your tire 
is what holds your car up. When your tire 
pressure is too low, your tire squashes down 
because more area is needed to get enough 
force to hold up the car. 

Pressure, energy, and force
The atomic level

explanation
What causes pressure? On the atomic level, pressure comes from collisions
between atoms and molecules. Molecules move around and bounce off each
other and the walls of a container. It takes force to make a molecule reverse
its direction and bounce the other way. The bouncing force is applied to the
molecule by the inside surface of a jar. According to Newton’s third law, an
equal and opposite reaction force is exerted by the molecule on the jar
(Figure 8.21). The reaction force is what creates the pressure acting on the
inside surface of the jar. Trillions of molecules per second are constantly
bouncing against every square millimeter of the inner surface of the jar.
Pressure comes from the collisions of those many, many atoms.

Pressure creates
forces on
surfaces

Pressure exerts force on any surface touching a fluid. The force is the
pressure multiplied by the area of contact. Submarines are built to withstand
the tremendous pressure forces deep underwater. Your car tires hold up the
car by exerting pressure on a small area contacting the road (Figure 8.22).
Pressure and energy are related. Remember, one property of energy is the
ability to exert force and do work. Water in a jar has energy because any
pressure created by the water pushes on the sides of the jar with forces that
can do work. One joule of work is done when a pressure of one pascal pushes
a surface of one square meter a distance of one meter.

Pressure
is potential

energy

Differences in pressure create potential energy in fluids just like differences
in height create potential energy from gravity. A pressure difference of one
newton per m2 is equivalent to a potential energy of one joule per m3. 
We get useful work when we let a fluid under pressure expand. In an engine
high pressure is created by an exploding gasoline-air mixture. This pressure
pushes the cylinders of the engine down, doing work that moves the car.
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Energy conservation and Bernoulli’s principle
Bernoulli’s

principle
Everything obeys the law of energy conservation. It just gets trickier when
talking about a fluid (liquid or gas)! You still have potential and kinetic energy,
but you also have pressure energy. If friction is neglected, the total energy
stays constant for any particular sample of fluid. This relationship is known as
Bernoulli’s principle.

Streamlines Streamlines are imaginary lines drawn to show the flow of fluid. We draw
streamlines so that they are always parallel to the direction of flow. If water is
coming out of a hole in a bucket the streamlines look like Figure 8.23.
Bernoulli’s principle tells us that the energy of any sample of fluid moving
along a streamline is constant.

The three
variables

Bernoulli’s principle says the three variables of height, pressure, and speed are
related by energy conservation. Height is associated with potential energy,
speed with kinetic energy, and pressure with pressure energy. If one variable
increases along a streamline, at least one of the other two must decrease. For
example, if speed goes up, pressure goes down.

Fluid at rest If the kinetic energy is zero (fluid at rest) then Bernoulli’s principle gives us
the relation between pressure and depth. A bit of fluid that is low (deep) has
higher pressure than one that is high (near the surface). 

The airfoil One of the most important applications of Bernoulli’s principle is the airfoil
shape of wings on a plane (Figure 8.24). The shape of an airfoil causes air
flowing along the top (A) to move faster than air flowing along the bottom (B).
According to Bernoulli’s principle, if the speed goes up, the pressure goes
down. When a plane is moving, the pressure on the top surface of the wings is
lower than the pressure beneath the wings. The difference in pressure is what
creates the lift force that supports the plane in the air. 

Figure 8.23: A streamline is an imaginary 
line tracing the flow of a single particle of 
fluid.

Figure 8.24: Streamlines showing air 
moving around an airfoil (wing) that is 
moving from left to right.
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Figure 8.25: Which liquid has greater 
viscosity?

Figure 8.26: Heating fudge makes it much 
easier to pour.

Viscosity
What is

viscosity?
Viscosity is the property of fluids that causes friction. High-viscosity fluids
take longer to pour from their containers than low-viscosity fluids. Ketchup,
for example, has a high viscosity and water has a low viscosity (Figure 8.25).

Viscosity and
motor oils

Viscosity is an important property of motor oils. If an oil is too thick, it may
not flow quickly enough to parts of an engine. However, if an oil is too thin, it
may not provide enough “cushion” to protect the engine from the effects of
friction. A motor oil must function properly when the engine is started on a
bitterly cold day, and when the engine is operating at high temperatures.

Viscosity and
particles

Viscosity is determined in large part by the shape and size of the particles in a
liquid. If the particles are large and have bumpy surfaces, a great deal of
friction will be created as they slide past each other. For instance, corn oil is
made of large, chain-like molecules. Water is made of much smaller
molecules. As a result, corn oil has greater viscosity than water.

As a liquid
gets warmer,
its viscosity

decreases

As the temperature of a liquid is raised, the viscosity of the liquid decreases.
In other words, warm liquids have less viscosity than cold liquids. Warmed
maple syrup or hot fudge, for example, is much easier to pour than the same
syrup chilled. Why does this happen? When temperature rises the jiggling of
molecules increases. This allows molecules to slide past each other with
greater ease. As a result, the viscosity decreases (Figure 8.26).

8.2 Section Review

1. Explain why liquid silver is less dense than solid silver.

2. A toy boat weighs 12 newtons. What is the weight of the water it displaces when it floats?

3. At the atomic level, what causes hot fudge to pour faster when it is heated?
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8.3 The Behavior of Gases
The air you breath is a gas, as is the carbon dioxide you exhale. While gases are fluids, they are
different from liquids because the molecules in a gas are completely separated from each other.
Because gas molecules act independently, gases are free to expand or contract. A gas will expand to
completely fill its container. 

Pressure, volume and density
Pressure and

volume
When you squeeze a fixed quantity of gas into a smaller volume the pressure
goes up. This rule is known as Boyle’s law. The pressure increases because
the same number of molecules are now squeezed into a smaller space. The
molecules hit the walls more often because there are more of them per unit of
area. The formula for Boyle’s law relates the pressure and volume of gas. If
the mass and temperature are kept constant, the product of pressure times
volume stays the same (Figure 8.27).

Pressure and
density

The density of a gas increases when the pressure increases. By increasing the
pressure you are doing one of two things: squeezing the same amount of mass
into a smaller volume, or squeezing more mass into the same volume. Either
way, the density usually goes up.  We say ‘usually’ because density and
pressure are also affected by temperature. The density of a gas can change by a
large amount. Air has a density of 0.9 kg/m3 at atmospheric pressure. When
compressed in a diving tank to 150 times higher pressure, the density is about
135 kg/m3. The density of a gas can vary from near zero (in outer space) to
greater than solids. This is very different from liquids or solids. 

Figure 8.27: Compressing the volume of 
air to increase the pressure.

Vocabulary

Boyle’s law, Charles’ law, relative 

humidity

Objectives

Describe the relationship 

between the pressure and volume 

of a gas.

Describe how changes in 

temperature affect gases. 
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Figure 8.28: Faster molecules create 
higher pressure because they exert larger 
forces as they collide with the sides of the 
container.

Pressure and temperature
Pressure and

temperature
The pressure of a gas is affected by temperature changes. If the mass and
volume are kept constant, the pressure goes up when the temperature goes up,
and down when the temperature goes down. 

Why
temperature

affects pressure

The pressure changes with temperature because the average kinetic energy of
moving molecules is proportional to temperature. Hot molecules move faster
than cold molecules. Faster molecules exert more force when they bounce off
each other and the walls of their container (Figure 8.28).

Gay-Lussac’s
law

The mathematical relationship between the temperature and pressure of a gas
at constant volume and mass was discovered by Joseph Gay-Lussac in 1802.

Using Boyle’s 
law

A balloon is filled with 500 cubic centimeters of helium at a pressure of one atmosphere. If the balloon reaches an altitude 
where the pressure is 0.5 atmospheres, what volume will the gas occupy? Assume that the temperature does not change.

1. Looking for: You are asked for volume in cm3.

2. Given: You are given initial and final pressures in atmospheres, and initial volume in cm3.

3. Relationships: Apply Boyle’s law: P1V1 = P2V2.

4. Solution: V2 = (P1×V1) ÷  P2 = (1 atm × 500 cm3) ÷ 0.5 atm = 1,000 cm3.

Your turn...
a. The air inside a tire pump occupies a volume of 135 cubic centimeters at a pressure of one atmosphere. If the volume is 

reduced by half, what is the pressure, in atmospheres, inside the pump? Answer: 2 atm
b. A gas occupies a volume of 24 cubic meters at 9,800 pascals. If the pressure is lowered to 5,750 pascals, what volume will 

the gas occupy? Answer: 40.90 m3
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Density and buoyancy
Sinking in a gas Like water, gases can create buoyancy forces. Because gas can flow and has a

very low density, objects of higher density sink quickly. For example, if you
drop a penny, it drops through the air quite easily. That is because the density
of a penny is 9,000 times greater than the density of air. 

Floating in a gas Objects of lower density can float on gas of higher density. A hot-air balloon
floats because it is less dense than the surrounding air. What makes the air
inside the balloon less dense? The word “hot” is important. To get their
balloons to fly, balloonists use a torch to heat the air inside the balloon. The
heated air in the balloon expands and lowers the overall density of the balloon
to less than the density of the surrounding cooler air (Figure 8.29). 

Charles’ law The balloon example illustrates an important relationship, known as Charles’
law, discovered by Jacques Charles (1746 - 1843) in 1787. According to
Charles’ law, the volume of a gas increases with increasing temperature. The
volume decreases with decreasing temperature.

The buoyancy of
hot air

Charles’ law explains why the air inside the balloon becomes less dense than
the air outside the balloon. The volume increases as the temperature increases.
Since there is the same total mass of air inside, the density decreases and the
balloon floats. Stated another way, the weight of the air displaced by the
balloon provides buoyant force to keep the balloon in flight.

Figure 8.29: A hot-air balloon floats 
because the air inside is less dense than the 
air outside.
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Figure 8.30: To convert degrees Celsius to 
Kelvins, simply add 273 to the Celsius 
temperature.

Temperature and the Kelvin scale
Absolute zero In the last chapter you learned that absolute zero is as cold as any matter can

get. When the temperature gets down to absolute zero, particles have the
lowest energy they can have and the temperature cannot get any lower.
Absolute zero occurs at - 273°C (- 459°F).

 Kelvin
temperature

scale

The Kelvin temperature scale starts at absolute zero. Add 273 to the
temperature in Celsius to get the temperature in Kelvins (Figure 8.30). For
example, a temperature of 21°C is equal to 294 K (21 + 273). 

Use Kelvins for
temperature

problems

Any time you see a temperature in a formula in this section (gases) the
temperature must be in Kelvins. This is because only the Kelvin scale starts
from absolute zero. A temperature in Kelvins expresses the true thermal
energy of the gas above zero thermal energy. A temperature in Celsius
measures only the relative energy, relative to zero Celsius. Remember,
temperature must be in Kelvins for gas law problems!

Gases and 
temperature 

change 
problems

A can of hair spray has a pressure of 300 psi at room temperature (21°C = 294 K). The can is accidentally moved too close to a 
fire and its temperature increases to 295°C (568 K). What is the final pressure in the can (rounded to the nearest whole number)?

1. Looking for: You are asked for final pressure in psi.

2. Given: You are given initial pressure in psi, and initial and final temperatures in °C and Kelvins.

3. Relationships: Apply Gay-Lussac’s law (pressure and temperature relationship): P1÷ T1 = P2 ÷ T2.

4. Solution: P2 = (P1 × T2) ÷ T1 = (300 psi × 568 K) ÷ 294 = 580 psi.
NOTE: This is why you should NEVER put spray cans near heat. The pressure can increase so much that 
the can explodes.

Your turn...
a. A balloon filled with air occupies a volume of 0.50 cubic meters at 21°C (294 K). Assuming the pressure remains constant, 

what volume will the balloon occupy at 0°C (273 K)? Answer: 0.46 m3

b. A tire contains 255 cubic inches of air at a temperature of 28°C (301 K). If the temperature drops to 1°C (274 K), what 
volume will the air in the tire occupy? Assume no change in pressure. Answer: 232 in3
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Earth’s atmosphere
Air is a mixture

of gases
Air feels “light” because air is 1,000 times less dense than water. Earth’s
atmosphere is a mixture of nitrogen, oxygen, water vapor, and a few other
gases such as argon and carbon dioxide (CO2) (Figure 8.31). Molecules of
nitrogen (N2) and oxygen (O2) account for 97.2 percent of the mass of air. The
amount of water vapor depends on the temperature and relative humidity. 

Relative
humidity

Water vapor is water in gas form. Ordinary air contains a small percentage of
water vapor. Evaporation adds water vapor to the air. Condensation removes
water vapor. The percentage of water vapor in the air is a balance between
evaporation and condensation. The relative humidity tells how much water
vapor is in the air compared to how much the air can hold. When the relative
humidity is 100 percent, the air has as much water vapor as it can hold. That
means any water vapor that evaporates from your skin is condensed right back
again, which is why you feel hot and sticky when the humidity is high. The
opposite is true in the dry air of desert climates. Hot desert air has a very low
relative humidity, allowing water to evaporate rapidly. This is why dry heat
feels more bearable than humid heat.

Air supports life The gases in air are very important to living things on Earth. Animals use
oxygen in the air. Plants use carbon dioxide. As a tree grows, you don’t see
soil disappear to provide mass for the tree. After oxygen and hydrogen
(water), the most abundant element in a tree is carbon. All of the carbon atoms
in wood come from carbon dioxide in the air.

8.3 Section Review

1. Why does the pressure of a gas increase with a decrease in volume? (Assume the temperature does not change.)

2. Explain why the pressure of a gas increases with an increase in temperature. (Assume the volume does not change.)

3. Which gas law best explains why a hot-air balloon floats in the air?

Figure 8.31: Air is a mixture of gases.

Composition of Earth’s 
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The Deep Water Submarine Alvin
Imagine you are 4,500 meters (14,764 feet) below the ocean’s 
surface, near an undersea volcanic vent. Because light from the sun 
cannot penetrate these depths, you are surrounded by total 
darkness. The pressure, 400 times greater than at the surface, is so 
great that it could crush an automobile. Surprisingly, you are 
surrounded by abundant and strange sea life including giant clams, 
tube worms, and spider crabs. The deep water submarine Alvin is a 
research vessel designed to take scientists into this environment.
Exploring the ocean depths requires courage and very sophisticated 
engineering. A typical eight-hour dive takes two scientists and a 
pilot as deep as 4,500 meters. When working at maximum depth, it 
takes about two hours for the Alvin submarine to reach the seafloor 
and another two to return to the surface. The four hours of working 
time on the bottom are crammed with carefully planned 
photography, sampling, and experiments.

Under pressure

At 4,500 meters, the water pressure is 44 million N/m2. This 
extreme pressure is equivalent to the weight of a car supported on 
an area the size of your big toe! The Alvin submarine is 7.1 meters 
long and 3.7 meters tall, but the spherical pressure hull inside 
(where scientists work) is only two meters in diameter. 
The hull is spherical because a sphere is the shape that best 
withstands the uniform pressure exerted by a fluid like seawater. 
Even with its sturdy shape, the hull needs to be made from a strong 
material. The titanium alloy used in Alvin’s hull (only 4.9 
centimeters thick) is one of the strongest materials ever developed. 
A hull of ordinary steel or aluminum would be crushed flat by the 
forces exerted by the ocean’s enormous pressure.
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Diving into the depths

Alvin and other submarines control 
their depth by changing their 
buoyancy. Aboard the 
submarine is a chamber that 
is filled with different 
amounts of air and water. 
The amount of air and 
water is adjusted with 
pumps until the average 
density for the whole 
submarine is the same as 
the density of water. When 
the average densities are 
matched (neutral buoyancy), the 
submarine neither rises nor sinks. To dive, 
water is pumped into the tank and air is 
released. The average density becomes 
greater than the density of water and the 

submarine sinks (negative buoyancy). To rise, some water is 
pumped out of the tank and replaced with air. The average density 

decreases and the submarine rises (positive 
buoyancy).

Breathing at the bottom of the ocean

At 20 breaths per minute (a normal rate), an 
average adult inhales 0.08 m3 of air each 
minute. The small volume of Alvin’s hull 
means that the normal three-person crew 
would use up all of the oxygen in the air in just 
eight minutes without an additional supply. 
How can the crew survive a seven hour 
expedition? 

Air for breathing is kept in tanks at very high pressure. A seven-
hour mission with a crew of three requires at least 100 m3 of 

air at atmospheric pressure. This volume can be stored 
in a tank with a volume of 0.5 m3 by raising the 
pressure (Boyle’s law) to 200 times 
atmospheric pressure. Air tanks for diving 

typically store air at pressures near or 
exceeding 200 atmospheres.

Amazing discoveries

The Alvin submarine has made more than 
3,700 dives, and is considered the most 

productive research submarine in the world. 
Exploring undersea volcanoes and discovering 

strange new life forms are part of Alvin’s long and 
successful career. The major discovery of an abundance of 

exotic animal life near undersea volcanic vents has led to new 
theories about the generation of life. Since no light can penetrate 
through the deep waters, scientists concluded that the animal 
chemistry there is based on chemosynthesis, not photosynthesis. 
In addition to research, Alvin has participated in several exciting 
recovery missions. In 1966, Alvin located and recovered a nuclear 
weapon when the plane carrying it crashed into the ocean off the 
coast of Spain. In 1986, Alvin made a dozen dives to the Titanic, 
which in 1912 had sunk in 3,789 meters of water. 

Questions: 
1. What challenges face scientists when studying the deep 

ocean?
2. How is buoyancy involved in the operation of a submarine? 
3. Explain how enough air is brought along on a mission for the 

crew to breathe.
4. Name two important discoveries made by the Alvin.  
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Chapter 8 Review

Understanding Vocabulary

Select the correct term to complete the sentences.

Section 8.1

1. The metric unit used when measuring stress or pressure is the ____.
2. ____ is a measure of how much force a material can withstand per

cross-section area.
3. Rubber is a more ____ material than steel.
4. Salt is crystalline and plastic is ____.
5. The ____ of a material is its mass divided by its volume.
6. The ____ of a material is the stress at which it breaks under tension.
7. Temperature increases cause ____ in almost all solid materials.
Section 8.2

8. ____ is a measure of the upward force a fluid exerts on an object that
is immersed.

9. Maple syrup is a thick fluid that does not flow easily and has a high
____.

10. ____ states that the force exerted on an object by a liquid is equal to
the weight of the fluid displaced by the object.

Section 8.3

11. As you pump more air into a bicycle tire, you increase the ____ inside
the tire.

12. ____ states that the volume of a gas increases with increasing
temperature.

13. ____ states that as the pressure of a gas increases, its volume
decreases proportionally.

Reviewing Concepts

Section 8.1

1. How can you tell the difference between a physical property and a
chemical property?

2. Which has greater density, a piece of copper wire, or the bar of copper
from which the wire is made?

3. Which has more volume, one kilogram of glass or one kilogram of
cork?

4. Platinum has a much higher density than aluminum. Which has more
mass, 1 m3 of platinum or 1 m3 of aluminum?

5. Describe how the arrangement of the atoms and molecules in a sugar
crystal differ from those in a piece of plastic.

6. Why is the strength of a material described in terms of stress instead
of force?

7. If two steel wires made with different cross-section areas are tested
under the same force, which would have the higher stress?

8. Rubber and steel are both elastic, yet engineers do not design bridges
out of rubber. Explain why.

9. What is the difference between tension and compression?
10. What causes thermal expansion?
Section 8.2

11. How does the buoyant force of a rock submerged in water compare to
the weight of the water displaced by the rock?

12. Why does ice float in a glass of water?
13. Would a cube of solid silver sink or float in liquid silver? How do you

know?
14. When poured into water in a glass jar, oil floats to the top.

a. How does the oil’s density compare to the water’s density?
b. If an object floats in the oil, will it also float in the water?
c. If an object floats in the water, will it also float in the oil?

thermal expansion
viscosity
pascal
amorphous
elastic

pressure
Archimedes’ principle
Boyle’s law
stress

density
tensile strength
buoyancy
Charles’ law
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15. Seawater has a higher density than freshwater. Would you find it
easier to float in an ocean or in a freshwater lake? Give a reason for
your answer.

16. Steel is more dense than water but steel ships float in water. Explain.
17. What is the relationship between density and buoyancy?
18. Explain how height, pressure, and speed are related by energy

conservation in fluids.
19. How does the pressure compare at 5 cm below the surface of the

water in your kitchen sink and 5 cm below the surface of the water in
a lake?

20. What is the relationship between the pressure in a liquid and the depth
of the liquid?

21. What is the relationship between the viscosity of a liquid and its
temperature?

22. Honey is more viscous than water. How are they different at the
atomic level?

Section 8.3

23. What does Boyle’s law say about the relationship between the
pressure and vvolume of a gas?

24. What does Charles’ law say about the volume and temperature of a
gas?

25. Explain why it is not possible to have a temperature lower than
absolute zero.

26. How is the pressure of a gas affected by temperature changes?
27. What is relative humidity? Why do you feel hotter at the same

temperature when the relative humidity is high compared to when it is
low?

28. How does the density of a gas differ from the density of a liquid or
solid?

Solving Problems

Section 8.1

1. For the following events, state whether a physical change or a
chemical change has occurred:
a. You notice that your grandmother’s silver is very dark in places

and needs polishing.
b. Your cup of hot chocolate gives off steam.
c. When you mix baking soda and vinegar, the two substances fizz

and produce bubbles.
d. An ice cube melts.
e. You burn an oak log in a fireplace.
f. You activate a heat pack to warm your hands.

2. The density of brick is 1,600 kg/m3.What is the mass of a brick with a
volume of 0.0006 m3?

3. The density of pure gold is 19,300 kg/m3. Calculate the mass of a
pure gold bracelet if it displaces 2 × 10-6 m3 of water.

4. Your teacher gives you two stainless steel ball bearings. The larger
has a mass of 0.025 kg and a volume of 0.0032 m3. The smaller has a
mass of 0.010 kg. Calculate the volume of the smaller ball bearing. 

5. The density of ice is 920 kg/m3. What is the volume of 1 kilogram of
ice? If one kilogram of ice completely melted, what would the
volume of the water be? The density of water is 1,000 kg/m3.

6. You are an engineer who must calculate the stress on a steel rod of
cross-section area 0.05 m2 under a force of 500 N. The rod is rated for
a maximum of 12,000 N/m2 of stress before breaking. What is the
stress on the rod? Will the rod break?

7. A steel cable has a maximum safe stress of 3,000 N/m2. What is the
largest cross-section area of steel cable you can use under a 100 N
force?
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Section 8.2

8. A solid cubic centimeter of platinum weighs 21.5 N. If this cube of
platinum is placed under water, what volume of water is displaced?
What weight of water is displaced? 
(Hints: 1 cm3 of water has a mass of 1 gram; 
1 gram weighs 0.0098 N; density of platinum = 21.5 g/cm3.)

9. On a cold morning, your pancake syrup is difficult to pour. How
could you get your pancake syrup to pour faster?

Section 8.3

10. You pump 5 liters of air into a beach ball. If you pump the same
amount of air into a basketball with half the volume of the beach ball,
at constant temperature, which has the greater amount of pressure?

11. Suppose you pump 100 cm3 of air at 10 psi into a bicycle tire. If the
pressure in the tire is 30 psi, what is the volume of the tire?

12. If the pressure in a car tire is 33 psi on a 0°C (= 273 K), what is its
pressure on a 25°C (= 298 K) day?

13. What are the freezing point and boiling point of water in Kelvins?
14. What is the new pressure of helium at 200 psi when it is cooled from

50°C (= 323 K) to 20°C (= 293 K) in a 1-liter tank?
15. Five liters of oxygen at 600 psi are pumped into a 1-liter tank. What is

the pressure inside the tank, assuming that the temperature does not
change?

16. A 100-liter hot air balloon is filled with 75 liters of air at 20°C
(= 293 K). To what temperature does the air need to be heated in
order to completely fill the balloon?

Applying Your Knowledge

Section 8.1

1. You can use the physical properties of matter to separate a mixture.
Describe which physical property you would use and how you would
take advantage of it to separate the following mixtures:
a. a mixture of fine sawdust and iron shavings
b. a mixture of gold and sand
c. a mixture of cooking oil and sand

2. A large amount of the gold reserve for the United States is stored in
the Fort Knox Bullion Depository vault in Kentucky. Much of it is in
the form of bars with a dimension of 7 in × 3-5/8 in × 13/4 in. The
gold has a density of 19,300 kg/m3. Calculate the mass of one gold
bar. If you picked up this gold bar, would it be more like picking up a
can of soda, a gallon of water, or a box of books? 
(Hints: 1 inch = 2.54 cm; the volume of a rectangular bar equals its
length × width × height.)

Section 8.2

3. Almost all fish have a swim bladder filled with gas in order to
maintain a neutral buoyancy. Neutral buoyancy allows fish to
conserve energy by not having to continuously swim to avoid sinking.
Explain how a fish’s swim bladder allows it to keep a neutral
buoyancy.

4. Describe how the density of ice affects our daily lives. Explain why
ice forms on the top of ponds and lakes, and not the bottom. Use the
following terms in your explanation: density, organized structure, and
water molecules. How does this property of water help support life in
lakes and ponds?

5. Quite a number of studies have been done on the viscosity of lava
from various volcanic eruptions around the world. Do some research
to find out how scientists determine the viscosity of lava, and
discover if there is much variation in the viscosity of different lava
flows.

Section 8.3

6. Describe how your body makes use of Boyle’s law in order to
breathe.

7. SCUBA stands for self-contained underwater breathing apparatus. A
number of inventors have contributed to developing the technology
for scuba diving. The invention of the aqualung by Jacques-Yves
Cousteau and Emile Gagnan in 1943 made scuba diving available to
anyone who wanted to do underwater exploring. A standard sized
scuba tank is filled with the equivalent of 80 cubic feet of air at 1 atm
compressed into a 0.39-cubic foot space. What is the pressure within
the tank?
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