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1.1 Water, Water Everywhere!
• Describe the distribution of Earth’s water.
• Explain why fresh water is a scarce resource.

Water, water everywhere. But how much of it is useful?
Earth is the water planet. From space, Earth is a blue ball, unlike any of the other planets in our solar system. Life,
also unique to Earth of the planets in our solar system, depends on this water. While there’s a lot of salt water, a
surprisingly small amount of it is fresh water.
Distribution of Water

Earth’s oceans contain 97% of the planet’s water. That leaves just 3% as fresh water, water with low concentrations of
salts ( Figure 1.1). Most fresh water is trapped as ice in the vast glaciers and ice sheets of Greenland and Antarctica.
How is the 3% of fresh water divided into different reservoirs? How much of that water is useful for living creatures?
How much for people?
A storage location for water such as an ocean, glacier, pond, or even the atmosphere is known as a reservoir. A
water molecule may pass through a reservoir very quickly or may remain for much longer. The amount of time a
molecule stays in a reservoir is known as its residence time.
Where Is All the Water?

Of all the water on Earth, about two percent is stored underground in spaces between rocks. A fraction of a percent
exists in the air as water vapor, clouds, or precipitation. Another fraction of a percent occurs in the bodies of plants
and animals. So where is most of Earth’s water? It’s on the surface of the planet. In fact, water covers about 70
2
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FIGURE 1.1
The distribution of Earth’s water.

percent of Earth’s surface. Of water on Earth’s surface, 97 percent is salt water, mainly in the ocean. Only 3 percent
is freshwater. Most of the freshwater is frozen in glaciers and polar ice caps. The remaining freshwater occurs in
rivers, lakes, and other freshwater features.
Although clean freshwater is essential to human life, in many parts of the world it is in short supply. The amount of
freshwater is not the issue. There is plenty of freshwater to go around, because water constantly recycles on Earth.
However, freshwater is not necessarily located where it is needed, and clean freshwater is not always available.

FIGURE 1.2

3

1.1. Water, Water Everywhere!
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Summary

• Of Earth’s water, 97% is in the oceans.
• Of the remaining 3%, much is trapped in ice and glaciers.
• A substance is stored in a reservoir and the amount of time it stays in that reservoir is its residence time.
Vocabulary

1. Reservoir: A storage location for water such as an ocean, glacier, pond, or even the atmosphere.2, Residence time:
.The amount of time a water molecule stays in the reservoir.
Explore More

Use the resource below to answer the questions that follow.
• Where is the Fresh Water? at http://ga.water.usgs.gov/edu/earthwherewater.html
1.
2.
3.
4.
5.

How much of the Earth’s water is ocean water?
How much freshwater is in glaciers?
How much freshwater is groundwater?
How much freshwater is in surface water and how much surface water is in lakes?
What is that tiny 3rd ball over Georgia?

Review

1. If Earth is the water planet, why is water sometimes a scarce resource?
2. What are the reservoirs for water?
3. In which reservoirs does water have the longest residence times? The shortest?

4
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1.2 States of Water
• Define polar molecule.
• Describe the water molecule.
• Identify the three states of water.

H - two - O. Why is something so simple so important?
Water is the most important substance on Earth. Think about all the things you use water for? If your water access
were restricted what would you miss about it?
The Water Molecule

Water is simply two atoms of hydrogen and one atom of oxygen bonded together ( Figure 1.3). The hydrogen ions
are on one side of the oxygen ion, making water a polar molecule. This means that one side, the side with the
hydrogen ions, has a slightly positive electrical charge. The other side, the side without the hydrogen ions, has a
slightly negative charge.
Despite its simplicity, water has remarkable properties. Water expands when it freezes, has high surface tension
(because of the polar nature of the molecules, they tend to stick together), and others. Without water, life might not
be able to exist on Earth and it certainly would not have the tremendous complexity and diversity that we see.
Three States of Matter

Water is the only substance on Earth that is present in all three states of matter – as a solid, liquid or gas. (And
Earth is the only planet where water is present in all three states.) Because of the ranges in temperature in specific
locations around the planet, all three phases may be present in a single location or in a region. The three phases are
solid (ice or snow), liquid (water), and gas ( water vapor). See ice, water, and clouds ( Figure 1.4).
5
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FIGURE 1.3
A water molecule. The hydrogen atoms have a slightly positive charge,
and the oxygen atom has a slightly negative charge.

FIGURE 1.4
(a) Ice floating in the sea. Can you find all three phases of water in this image? (b) Liquid water. (c) Water vapor
is invisible, but clouds that form when water vapor condenses are not.

Summary

• Water is a polar molecule with a more positive charge on one side and a more negative charge on the other
side.
• Water is the only substance on Earth that is stable in all three states.
• Earth is the only planet in the Solar System that has water in all three states.
Vocabulary

1. Polar Molecule: has a one end with a slight more negative or positive and the other end with he opposite charge.
Explore More

Use this resource to answer the questions that follow.
https://www.youtube.com/watch?v=0eNSnj4ZfZ8
1. What is the only substance that occurs naturally on Earth in all three states of matter?
2. Why do scientists look for water in other places in the solar system?
6
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Describe the bond that keeps the water molecule together.
What does it mean to say that the water molecule is polar?
What are hydrogen bonds?
Why does water form a droplet if it is placed on waxed paper or teflon?
Why does water experience adhesion rather than cohesion with glass?
What causes water in a straw to rise higher than the surface level of the water in the beaker the tube is in?
Why is water such a great solvent?
Why doesn’t oil mix with water?

Review

1.
2.
3.
4.

What is a polar molecule?
What makes water a polar molecule?
What are the three states that a substance can have?
Where in the solar system is water found in all three states?
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1.3 Structure of Water
• Describe the structure of a water molecule.
• Describe the polarity of a water molecule.

How much of the Earth’s surface is covered with water?
In his well-known poem “The Rime of the Ancient Mariner,” Samuel Coleridge wrote “Water, water everywhere,
Nor any drop to drink.” The narrator was talking about being out on the ocean, but not having any water because he
had killed an albatross (apparently bringing bad luck to everyone on the ship). Water is in an abundant supply on
Earth about 75% of the Earth’s surface is water. The major constituent of the human body (over 60%) is water. This
simple molecule plays important roles in all kinds of processes.
Structure of Water

Water is a simple molecule consisting of one oxygen atom bonded to two different hydrogen atoms. Oxygen by
itself is relatively stable however having of atomic number of 8 the first energy level is filled and the second level
has 6 electrons allowing for 2 more electrons to bond. Hydrogen is in need of 1 electron to fulfill its valance level.
The oxygen atom shares its electrons with 2 hydrogen atoms and likewise the hydrogen shares its one electron with
oxygen. Where this sharing happens a covalent bond is formed. A covalent bond is a where a sharing of electrons
occurs between elements. Covalent bonds are strong bonds. Due to this sharing of electrons the oxygen is the
negative end of the molecule, while the area between the hydrogen atoms is the positive end of the molecule.
Going Further: As a result, the oxygen atom acquires a partial negative charge (δ−), while the hydrogen atoms
each acquire a partial positive charge (δ+). The molecule adopts a bent structure because of the two lone pairs of
electrons on the oxygen atom.
The bent shape of the water molecule is critical because the polar O-H bonds do not cancel one another and the
molecule as a whole is polar. Figure below illustrates the net polarity of the water molecule. The oxygen is the
negative end of the molecule, while the area between the hydrogen atoms is the positive end of the molecule.
8
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FIGURE 1.5
The water molecule, visualized three different ways: ball-and-stick model, spacefilling model, and structural formula with
partial charges.

Each molecule of water consists of one atom of oxygen and two atoms of hydrogen, so it has the chemical formula
H2 O. The arrangement of atoms in a water molecule, shown in Figure below , explains many of water’s chemical
properties. In each water molecule, the nucleus of the oxygen atom (with 8 positively charged protons) attracts
electrons much more strongly than do the hydrogen nuclei (with only one positively charged proton). This results in
a negative electrical charge near the oxygen atom (due to the "pull" of the negatively charged electrons toward the
oxygen nucleus) and a positive electrical charge near the hydrogen atoms. A difference in electrical charge between
different parts of a molecule is called polarity. A polar molecule is a molecule in which part of the molecule is
positively charged and part of the molecule is negatively charged.

FIGURE 1.6

Opposite electrical charges attract one another other. Therefore, the positive part of one water molecule is attracted
to the negative parts of other water molecules. Because of this attraction, bonds form between hydrogen and oxygen
atoms of adjacent water molecules, as demonstrated in Figure below . This type of bond always involves a hydrogen
atom, so it is called a hydrogen bond. Hydrogen bonds are bonds between molecules, and they are not as strong as
bonds within molecules. Nonetheless, they help hold water molecules together.
9
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FIGURE 1.7

Hydrogen bonds also cause water to be attracted to other substances such as NaCl in the diagram below. Chlorine has
a negative charge and the positive side of water attracts to chlorine. Sodium has a positive charge and the negative
charge of oxygen is attracted to sodium.

10
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FIGURE 1.8

Sticky, Wet Water

Water has some unusual properties due to its hydrogen bonds. One property is the tendency for water molecules to
stick together. For example, if you drop a tiny amount of water onto a very smooth surface, the water molecules
will stick together and form a droplet, rather than spread out over the surface. The same thing happens when water
slowly drips from a leaky faucet. The water doesn’t fall from the faucet as individual water molecules but as droplets
of water. The tendency of water to stick together in droplets is also illustrated by the dew drops in Figurebelow .
11
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FIGURE 1.9

Hydrogen bonds also explain why water’s boiling point (100◦ C) is higher than the boiling points of similar substances without hydrogen bonds. Because of water’s relatively high boiling point, most water exists in a liquid state
on Earth. Liquid water is needed by all living organisms. Therefore, the availability of liquid water enables life to
survive over much of the planet.
Explore More / Supplemental Links

• Philip Ball, Life’s Matrix: A Biography of Water. University of California Press, 2001.
• Robert A. Copeland, Enzymes: A Practical Introduction to Structure, Mechanisms, and Data Analysis. Wiley,
2000.
• Peter Swanson, Water: The Drop of Life. Cowles Creative Publishing, 2001.
• www.infoplease.com/cig/biology/organic-chemistry.html
• http://en.wikibooks.org/wiki/Organic_Chemistry/Introduction_to_reactions/Alkyne_hydration
Vocabulary

acid- Solution with a higher hydronium ion concentration than pure water and a pH lower than 7.

acidity- Hydronium ion concentration of a solution.

base- Solution with a lower hydronium ion concentration than pure water and a pH higher than 7.

covalent bond- Bond that forms when electrons are shared between two atoms. *Strong Bond; not easily broken; the "ea
Check out this video of electrolysis...
Watch the video at the link below and answer the following questions:

12
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MEDIA
Click image to the left or use the URL below.

www.youtube.com/watch?v=HQ9Fhd7P_HA
1. Which test tube contains hydrogen gas?

hydrogen bond - Bond that forms between the negative and positive (hydrogen) charges of one atom or molecule to anoth

ion- Electrically charged atom or molecule.

.
polarity- Difference in electrical charge between different parts of a molecule.

Review Questions

1.
2.
3.
4.
5.
6.
7.
8.

Where is most of Earth’s water?
What causes the water molecule to form?
What is polarity, and why is water polar?
Explain how hydrogen bonds cause molecules of liquid water to stick together.
What type of bond exists in a water molecule?
Which part of the molecule has a partial positive charge?
Which part of the molecule as a partial negative charge?
How do water molecules interact with one another?

• electronegativity: A measure of the ability of an atom to attract the electrons when the atom is part of a
compound.
• polar bond: A covalent bond in which electrons are shared unequally between two electrons.

13
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1.4 Properties of Water

FIGURE 1.10

Introduction
Water is truly an amazing substance. It can exist in all three states under normal pressures and temperatures. At
room temperature, it is a tasteless, odorless, colorless liquid, although it exhibits a blue hue when present in large
volumes. Approximately 70% of the Earth’s surface is covered in water. For a small molecule, water molecules are
highly attracted to one another, due to particularly strong hydrogen bonds. This leads to a number of properties, such
as a relatively high surface tension. Unlike most other substances, water expands when it freezes. Water is also able
to absorb relatively large amounts of heat with only minimal changes in temperature. This can be seen on a small
scale, such as the coolant in your car, or on a larger scale, such as the more moderate climates in coastal areas. The
water in the oceans acts as a tremendous heat sink, which influences global weather patterns. Additionally, water is
not only found here on Earth; scientists have found evidence of water on a number of extraterrestrial planets. In this
lesson, we are going to take a look at this unique and important substance.
Polarity

When electrons are not shared equally in a covalent bond, the molecule is described as polar. Water molecules are
polar. This means that while water molecules are neutral as a whole, one end of the water molecule tends to have
a positive charge while the other has a negative charge. The oxygen end has a slight negative charge while the
hydrogen end has a slight positive charge. It is the opposite charges that makes water attracted to another water
molecule causing the ’stickiness" of water.
Cohesion

Water has some unusual properties due to its hydrogen bonds. One property is the tendency for water molecules to
stick together. For example, if you drop a tiny amount of water onto a very smooth surface, the water molecules
14
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will stick together and form a droplet, rather than spread out over the surface. The same thing happens when water
slowly drips from a leaky faucet. The water doesn’t fall from the faucet as individual water molecules but as droplets
of water. The tendency of water to stick together in droplets is also illustrated by the water below.

Adhesion

Adhesive forces are the attractive forces between unlike molecules. They are caused by forces acting between two
substances, such as attraction due to opposing charges. In the case of a liquid wetting agent, adhesion causes the
liquid to cling to the surface on which it rests. When water is poured on clean glass, it tends to spread, forming a
thin, uniform film over the glasses surface. This is because the adhesive forces between water and glass are strong
enough to pull the water molecules out of their spherical formation and hold them against the surface of the glass,
thus avoiding the repulsion between like molecules.

Universal Solvent

Water is one of the most common ingredients in solutions. Because of waters polar it is known as a universal solvent.
Due to the positive and negative end of the water molecule it is attracted to many substance and thus dissolve that
substance. A solution is a (homogeneous) mixture composed of two or more substances. In a solution, one substance
is dissolved in another substance, forming a mixture that has the same proportion of substances throughout. The
dissolved substance in a solution is called the solute. The substance in which is it dissolved is called the solvent.
An example of a solution in which water is the solvent is salt water. In this solution, a solid—sodium chloride—is
the solute.
The ability of a solute to dissolve in a particular solvent is called solubility. Many chemical substances are soluble
in water. In fact, so many substances are soluble in water that water is called the universal solvent. Water is a
strongly polar solvent, and polar solvents are better at dissolving polar solutes. Many organic compounds and other
important biochemicals are polar, so they dissolve well in water. On the other hand, strongly polar solvents like
water cannot dissolve strongly nonpolar solutes like oil. Did you ever try to mix oil and water? Even after being
well shaken, the two substances quickly separate into distinct layers. It takes a surfactant (soap) to break the bonds
holding the nonpolar substance together so water can then dissolve the substance.
15
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FIGURE 1.11

This diagram shows the positive and negative parts of a water molecule dissolving NaCl. It also depicts how a
charge, such as on an ion (Na or Cl, for example) can interact with a water molecule.

Waters ability to float in its solid state.

The melting point of water is 0◦ C. Below this temperature, water is a solid (ice). Unlike most chemical substances,
water in a solid state has a lower density than water in a liquid state. This is because water expands when it freezes.
Again, hydrogen bonding is the reason. Hydrogen bonds cause water molecules to line up less efficiently in ice than
in liquid water. As a result, water molecules are spaced farther apart in ice, giving ice a lower density than liquid
water. A substance with lower density floats on a substance with higher density. This explains why ice floats on
liquid water, whereas many other solids sink to the bottom of liquid water.
In a large body of water, such as a lake or the ocean, the water with the greatest density always sinks to the bottom.
Water is most dense at about 4◦ C. As a result, the water at the bottom of a lake or the ocean usually has temperature
of about 4◦ C. In climates with cold winters, this layer of 4◦ C water insulates the bottom of a lake from freezing
temperatures. Lake organisms such as fish can survive the winter by staying in this cold, but unfrozen, water at the
bottom of the lake.
.
The molecular structures of solid and liquid water are shown in Figure 1.13.
Interestingly, due to the "open" nature of the rigid solid form, the density of liquid water is actually higher than that
of solid ice. As a result, ice floats on water. This is relatively rare; most other substances are more dense in their
solid form. The density of water as a function of temperature can be graphed, as shown in Figure 1.14.
16
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FIGURE 1.12

FIGURE 1.13
Molecular arrangement of H2 O molecules
in the solid (right) and liquid (left)
phases.

Surface Tension

Molecules within a liquid are pulled equally in all directions by inter-molecular forces. However, molecules at the
surface are pulled downwards and sideways by other liquid molecules, but not upwards away from the surface. The
overall effect is that the surface molecules are pulled into the liquid, creating a surface that is tightened like a film.
This phenomenon is referred to as surface tension. Liquids that have strong intermolecular forces, like the hydrogen
bonding in water, exhibit the greatest surface tension. Table 1.1 shows surface tension values for various common
liquids.

TABLE 1.1: Surface Tension of Common Fluids
Fluid

Surface Tension (N/m)
17

1.4. Properties of Water

www.ck12.org

TABLE 1.1: (continued)
Fluid
benzene
diethyl ether
carbon tetrachloride
chloroform
ethanol
ethylene glycol
glycerol
mercury
methanol
propanol
toluene
water at 20◦ C
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Surface Tension (N/m)
0.0289
0.0728
0.027
0.0271
0.0221
0.0477
0.064
0.425
0.0227
0.0237
0.0284
0.072
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FIGURE 1.14
Density vs. temperature curve for water.

FIGURE 1.15

The surface tension of water is illustrated by a number of common occurrences. For example, water spiders are able
to walk across bodies of water because of surface tension. Even though the spiders are denser than water, they do not
sink, because the small amount of weight pressing down on the surface is not enough to break the strong hydrogen
bonds that hold the surface together.
Floating paper clip made of steel with copper plating. The high surface tension helps the paper clip - with much
higher density - float on the water. Credit: Armin Kübelbeck .(http://water.usgs.gov/edu/capillaryaction.html )
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FIGURE 1.16

Capillary Action

Capillary action occurs because water is sticky, thanks to the forces of cohesion (water molecules like to stay close
together) and adhesion (water molecules are attracted and stick to other substances). Adhesion of water to the walls
of a vessel will cause an upward force on the liquid at the edges and result in a meniscus which turns upward. The
surface tension acts to hold the surface intact. Capillary action occurs when the adhesion to the walls is stronger than
the cohesive forces between the liquid molecules. The height to which capillary action will take water in a uniform
circular tube (picture to left) is limited by surface tension and, of course, gravity.
Not only does water tend to stick together in a drop, it sticks to glass, cloth, organic tissues, soil, and, luckily, to the
fibers in a paper towel. Dip a paper towel into a glass of water and the water will "climb" onto the paper towel. In
fact, it will keep going up the towel until the pull of gravity is too much for it to overcome.

FIGURE 1.17

A fresh-cut stalk of celery is placed into a glass of water that has been colored with food coloring. Credit: Kristin
Doyle .(http://water.usgs.gov/edu/capillaryaction.html )
Heat Capacity

The heat capacity of a substance measures how much heat it needs to absorb to cause a certain increase in
temperature. Substances with high heat capacities can absorb large amounts of heat with only a minimal temperature
increase. Compared to other common liquids, water has a relatively high heat capacity. The heat capacities of some
common substances are listed in Table 1.2.
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TABLE 1.2: Heat Capacity of Common Materials
Material
Acetone
Aluminum
Ammonia
Copper
Grain alcohol
Lead
Mercury
Silicon
Silver
Water

Heat capacity (calories•g−1 •◦ C−1 )
0.51
0.22
1.13
0.09
0.23
0.03
0.03
0.18
0.06
1.00

The high specific heat capacity of water has a great deal to do with regulating extremes in the environment. For
instance, our fish in the pond is indeed happy because the heat capacity of the water in his pond above means the
temperature of the water will stay relatively the same from day to night. He doesn’t have to worry about either turning
on his air conditioner or putting on his woolen flipper gloves.The water absorbs the heat from the sun throughout the
day (summer season) and stores it.
This same concept can be expanded to a world-wide scale. The oceans and lakes help regulate the temperature
ranges that billions of people experience in their towns and cities. Water surrounding or near cities take longer to
heat up and longer to cool down than do land masses, so cities near the oceans will tend to have less change and
less extreme temperatures than inland cities. This property of water is one reason why states on the coast and in the
center of the United States can differ so much in temperature patterns. A Midwest state, such as Nebraska, will have
colder winters and hotter summers than Oregon, which has a higher latitude but has the Pacific Ocean nearby.
Examples of Specific Heat Capacity
Water has a high specific heat index—it absorbs a lot of heat before it begins to get hot. This is why water is valuable
to industries and in your car’s radiator as a coolant. The high specific heat index of water also helps regulate the
rate at which air changes temperature, which is why the temperature change between seasons is gradual rather than
sudden, especially near the oceans.

Question: Which property of water causes a meniscus?
What is a meniscus?

A meniscus is a curve in the surface of a molecular substance (water, of course) when it touches another material.
With water, you can think of it as when water sticks to the inside of a glass.

Why a meniscus occurs

Adhesion is responsible for a meniscus and this has to do in part with water’s fairly high surface tension. Water
molecules are attracted to the molecules in the wall of the glass beaker. And since water molecules like to stick to
gether , when the molecules touching the glass cling to it, other water molecules cling to the molecules touching
the glass, forming the meniscus. They’ll travel up the glass as far as water’s cohesive forces will allow them, until
gravity prevents them from going further. Cohesion is an intermolecular attraction between like molecules (other
water molecules in this case).
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What is the measurement of this meniscus?

FIGURE 1.18

The true volume in the graduated cylinder is at the bottom of the water level—66 milliliters.

How to read a mensicus

FIGURE 1.19

As this diagram shows, a meniscus can go up or down. It all depends on if the molecules of the liquid are more
attracted to the outside material or to themselves. A concave meniscus, which is what you normally will see, occurs
when the molecules of the liquid are attracted to those of the container. This occurs with water and a glass tube. A
convex meniscus occurs when the molecules have a stronger attraction to each other than to the container, as with
mercury and glass. A flat meniscus occurs when water in some types of plastic tubes; tubes made out of material
that water does not stick to. In any case, you get the true volume of the liquid by reading the center of the liquid in
the tube, as shown by the middle of the dashed line in the diagram.
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Lesson Summary

• Water can exist in all three states under normal pressures and temperatures. It is tasteless, odorless, and exists
as a liquid at room temperature and standard atmospheric pressure.
• Due to waters polarity it has an attraction to itself (cohesion) and adheres to other substances (adhesion).
• In its pure liquid form, water is a poor conductor of electricity. Unlike most substances, water is more dense
in its liquid state than its solid state. As a result, water expands when it freezes, and ice floats on water.
• Compared to other liquids, water has a relatively high surface tension and heat capacity. Both of these
properties are partially a result of the strong hydrogen bonds that hold water molecules together.
• Water can exist in all three states under normal pressures and temperatures. It is tasteless, odorless, and exists
as a liquid at room temperature and standard atmospheric pressure.
• In its solid form, water is frequently referred to as ice. The terms snow, sleet, hail, or frost may also be used,
depending on the conditions under which the water solidified. Ice can exist as an amorphous solid or as a
crystalline solid.
• In its pure liquid form, water is a poor conductor of electricity. Unlike most substances, water is more dense
in its liquid state than its solid state. As a result, water expands when it freezes, and ice floats on water.
• Compared to other liquids, water has a relatively high surface tension and heat capacity. Both of these
properties are partially a result of the strong hydrogen bonds that hold water molecules together.
Lesson Vocabulary

polarity: a water molecule having a negative and positive region.
cohesion: due to waters polarity it attracted to itself.
adhesion: due to waters polarity it sticks to other substances.
surface tension: A property of liquids describing the tendency of surface molecules to be pulled in towards
the liquids center, creating a surface that is tightened like a film.
• heat capacity: An inherent property of a given substance indicating how much heat the substance must absorb
to cause a certain increase in temperature.
• universal solvent: due to waters polarity it is attracted to many substances which makes water able to dissolve
all other (polar) substances.
• surfactant; substance (soap) which breaks / weakens the hydrogen bonds between the water molecules.
•
•
•
•

Explore More

• How might water’s intermolecular forces affect its ability to interact with other substances? What types of
substances mix well with water? What types of substances do not?
Review Questions

1. Explain the similarities and differences between polar and nonpolar substances.
2. The following substances are placed into a graduated cylinder, in no particular order: mercury, copper BBs,
and water. Over time, the substances separate based on density. How will these substances layer themselves
in the cylinder, from top to bottom?
3. Give an example other than those mentioned in the chapter of the strong surface tension exhibited by water.
4. How is it possible for water to fracture rock when it freezes?
5. Based on the data in the table of "Heat Capacity," do substances that exhibit hydrogen bonding appear to have
larger or smaller heat capacities than other substances?
6. What do you suppose would happen if you placed an ice cube in a beaker containing pure ethanol (density =
0.789 g/mL)? Would it sink or float?
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7. What do you suppose would happen if a solid piece of ethanol were placed into liquid ethanol? What about if
it were placed in liquid water?
Further Reading / Supplemental Links/ Resources

• Libbrecht, K. (2006). Ken Libbrecht’s Field Guide to Snowflakes. St. Paul, MN: Voyager Press.
• Schulson, E. M. (1999). The Structure and Mechanical Behavior of Ice. JOM, 51(2), 21-27.
• Suter, R., Rosenberg, O., Loeb, S., Wildman, H., Long, J. (1997). Locomotion on the Water Surface:
Propulsive Mechanisms of the Fisher Spider Dolomedes Triton. The Journal of Experimental Biology, 200,
2523-2538.
• Measuring surface tension: http://www.sciencebuddies.org/science-fair-projects/project_ideas/Phys_p012.shtm
l
• SnowCrystals.com: http://www.its.caltech.edu/~atomic/snowcrystals/
• http://watereducation.utah.gov/waterscience/Properties/default.asp
• http://water.usgs.gov/edu/capillaryaction.html
• http://water.usgs.gov/edu/meniscus.html
• http://water.usgs.gov/edu/heat-capacity.html
• http://chemwiki.ucdavis.edu/Physical_Chemistry/Physical_Properties_of_Matter/Bulk_Properties/Cohesive_And_Adhesive_Forces
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2.1 What is a Watershed?
• Explain the natural processes of a watershed system.
• Describe the parts of a watershed: divides, tributaries and river systems.

FIGURE 2.1
Figure 1: Flow of water over and through
the land

What is a Watershed?
A watershed is an area of land that water flows across or through on its way to a lake, river, wetland or other
waterway. Watersheds affect our health and lifestyles. Here is a quick explanation about why we should be
concerned about the watershed region to which we are associated: https://www.youtube.com/watch?v=dUlAANVB
YHM

Areas of higher elevations, such as divides or ridge lines, separate watersheds. Watersheds vary in size, but
typically, larger bodies of water are associated with larger watersheds. For example, the Chesapeake Bay Watershed
is very large, covering 64,000 square miles and including six states. A local stream, on the other hand, also has a
watershed associated with it; however, that watershed might just consist of a few acres. Watch this short video clip
to see how we can associated ourselves with both small and larger watershed regions: https://www.youtube.com/
watch?v=QOrVotzBNto

Look at the map of the Chesapeake Bay Watershed. Notice how the outline of the watershed is not based on state
boundaries or county lines. The outline of the watershed is based on the direction that the water is flowing over the
land.
Can you name the states that are part of the Chesapeake Bay Watershed? (Notice that the District of Columbia is
included in the above map.)
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FIGURE 2.2

FIGURE 2.3
Figure 2: The Chesapeake Bay Watershed (shaded in green)
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Movement of Water

A watershed is named after the body of water into which the water flowing over and through the land is draining.
It is important to understand how water moves since this movement of water has many environmental implications.
Streams are bodies of water that have a current; they are in constant motion. A stream originates at its source.
A source is likely to be in the high mountains where snow collects in winter and melts in summer. Geologists
recognize many categories of streams depending on their size, depth, speed, and location. In streams, water always
flows downhill, but the form that downhill movement takes varies with rock type, topography, and many other
factors. Stream erosion and deposition are extremely important creators and destroyers of landforms. Rivers are
made up of streams that have joined together; therefore, a river is larger than a single stream. Like streams, rivers
have a current. It is due to this current that streams and rivers carry away debris and other objects that fall into the
water.
The place where two streams or two rivers come together is called a confluence. The smaller of the two waterways
is a tributary of the larger. The Figure below shows the Shenandoah River (on left) and Potomac River (on right)
coming together. The Shenandoah River is a tributary to the Potomac River.

FIGURE 2.4

As a stream moves into lower areas, the gradient is not as steep. Now the stream does more work eroding the edges
of its banks. Many streams develop curves in their channels, called meanders ( Figure 2.5).

FIGURE 2.5
The

East

River

meanders

through

Crested Butte, Colorado.
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As the river moves onto flatter ground, the stream erodes the outer edges of its banks to carve a floodplain, which is
a flat, level area surrounding the stream channel ( Figure 2.6).

FIGURE 2.6
A green floodplain surrounds the Red
Rock River as it flows through Montana.

Divides

A divide is a topographically high area that separates a landscape into different water basins ( Figure 2.7). Rain that
falls on the north side of a ridge flows into the northern drainage basin and rain that falls on the south side flows into
the southern drainage basin. On a much grander scale, entire continents have divides, known as continental divides.

FIGURE 2.7
(a) The divides of North America. In the Rocky Mountains in Colorado, where does a raindrop falling on the
western slope end up? How about on the eastern slope? (b) At Triple Divide Peak in Montana water may flow to
the Pacific, the Atlantic, or Hudson Bay depending on where it falls. Can you locate where in the map of North
America this peak sits?
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Vocabulary

•
•
•
•
•
•
•
•

deposition: The settling of sediment, after having been moved by erosion
divide (ridge line): Areas of higher elevation that separate watersheds
erosion: Process by which earth material is moved from one area to another by water, glaciers and wind
flood plain: Flat, level area surrounding a stream or river
river: Waterway that is made up of streams that have joined together
stream: Fast flowing body of water that originates in mountains due to rain water or melting glaciers
tributary: The smaller river or stream that feeds into a larger river or stream.
watershed: Area of land that water flows across or through on its way to lake, river, wetland, or other
waterway

Summary

• A watershed is the land that water flows across or through on its way to a stream, lake, wetland, or other body
of water.
• Areas of higher elevations, such as ridge lines and divides, separate watersheds.
• Rivers and streams are made up of tributaries.
• Rivers and streams carry and deposit sediment.

Explore More

This YouTube video offers a concise description of what a watershed is and why it matters to us: https://www.yout
ube.com/watch?v=f63pwrMXkV4
Use the resources below to answer the questions that follow.
• Streams and Rivers at http://www.youtube.com/watch?v=TxI9gTvNY0M (3:45)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/1633

1.
2.
3.
4.

Does the geology shape the river’s path or does the river’s path shape the geology? Explain.
Where is water speed and weight the greatest? What happens there?
Where is the water speed the slowest? What happens there?
What shape is created by this fast moving water?

• Minnesota River Sediment at http://www.youtube.com/watch?v=FvZcDTFXguY (2:59)
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/4770

4.
5.
6.
7.

What has destabilized the Minnesota River area? What was the result of that?
Why are there waterfalls in some places and ravines in others?
Where does most of the sediment end up?
Why are some sources of sediment considered to be augmented by human activity?

Review

1. Very little land is below sea level and all of it does not drain to the sea. Why not?
2. What happens to two drops of water that fall on opposite sides of a divide?
3. What happens to a river’s floodplain if the river is dammed?

Attributions

Figure 1: http://www.uown.org/
Figure 2: http://www.epa.gov/chesapeakebaytmdl/
Figure 2: http://www.nps.gov/hfc/contact/directions.cfm
divide
tributary
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2.2 Virginia’s Major Watersheds
Identify the parts of a watershed and locate Virginia’s major watershed systems.

Major Watershed Systems in Virginia

Did you know that the way we treat our land and river systems in Loudoun impacts the quality of water in the
Chesapeake Bay? That is because water flowing across the land and through the soil of Loudoun County may very
likely end up in the Chesapeake Bay.
A watershed is an area of land that water flows across or through on its way to a lake, river, wetland or other
waterway. Areas of higher elevations, such as divides or ridge lines, separate watersheds. Watersheds vary in
size, but typically, larger bodies of water are associated with larger watersheds. For example, the Chesapeake Bay
Watershed is very large, covering 64,000 square miles and including six states. A local stream, on the other hand,
also has a watershed associated with it; however, that watershed might just consist of a few acres.
Virginia’s watersheds end up flowing into three main bodies of water: the Chesapeake Bay, North Carolina Sounds,
and Gulf of Mexico. Almost two-thirds of Virginia drains into the Chesapeake Bay. Loudoun County is part of
the Chesapeake Bay Watershed. This means that much of the water traveling across the land in Loudoun County,
eventually ends up in a tributary that is flowing to the Chesapeake Bay. Southeastern and south-central Virginia
drain into the North Carolina Sounds. Southwestern Virginia drains into the Mississippi River, which ultimately
flows to the Gulf of Mexico.

Chesapeake Bay Watershed
The Chesapeake Bay Watershed is made up of six states and seven major river systems. This map outlines the six
states that are part of the Chesapeake Bay Watershed.
The seven major river systems can be seen on this more detailed map of Virginia’s Major Watersheds. (The
Chesapeake Bay is represented by the area shaded light blue.) Based on the information presented by this map,
which river provides the most water to the Chesapeake Bay? Can you locate the river system of which you are a
part?
Let’s narrow our focus to Loudoun County’s major watersheds to better understand how living in Loudoun County
places us in the Chesapeake Bay Watershed region. As water travels over the land, it will eventually drain into a
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FIGURE 2.8
Figure 2: Chesapeake Bay Watershed

nearby waterway. The name of the waterway is what determines the name of the watershed. For example, the area
of land that drains into Goose Creek, is called the Goose Creek Watershed. Similarly, the area of land that drains
into Broad Run, is called the Broad Run Watershed, and the area of land that drains into Bull Run, is called the Bull
Run Watershed. Goose Creek, Broad Run, and Bull Run are just a few of the rivers in Loudoun County that flow to
the Potomac River. This means that they are also part of the larger Potomac River Watershed. Since the Potomac
River flows to the Chesapeake Bay, the Potomac River Watershed is part of the larger Chesapeake Bay Watershed.
Therefore, all the smaller watersheds that are part of the Potomac River Watershed, are also part of the Chesapeake
Bay Watershed.

The "Chesapeake Bay Program" is an organization that provides information about the Chesapeake Bay Watershed. Visit this link: http://www.chesapeakebay.net/maps to explore interactive maps that show factors, such as
agriculture and population, which can influence the health of our watershed.

Vocabulary

• divides (ridge lines): Areas of higher elevation that separate watersheds
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FIGURE 2.9
Figure 3: Chesapeake Bay River Systems

• tributary: Smaller streams or rivers that join together to flow into a larger stream or river
• watershed: Area of land that water flows across or through on its way to a lake, river, wetland, or other
waterway
Summary

• The three major watershed systems in Virginia lead to the Chesapeake Bay, the North Carolina Sounds, and
the Gulf of Mexico.
• Loudoun County is part of the Chesapeake Bay Watershed.
• Smaller, local watersheds are part of larger watersheds.

Explore More

To learn more about the Chesapeake Bay, visit the Chesapeake Bay website: http://www.chesapeakebay.net/discove
r/baywatershed
Attributions

Figure 1- http://www.dgif.virginia.gov/education/sol/va-watersheds-color.pdf
Figure 2: http://www.epa.gov/chesapeakebaytmdl/
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FIGURE 2.10
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FIGURE 2.11
Chesapeake Bay Program
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2.3 Weathering and Erosion
• Define weathering and erosion.

What is the history of this rock face?
Walnut Canyon, just outside Flagstaff, Arizona, is a high desert landscape displaying cliff dwellings built 700 years
ago by a long gone people. On the opposite side from the trail around the mesa is this incredible rock. In this
rock you can see that the rock has slumped, and also see signs of mechanical weathering (fractures) and chemical
weathering (dissolution). If you get a chance, go see the rock (and the cliff dwellings) for yourself.
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Weathering and Erosion

Weathering is the breaking down of rocks and minerals on Earth’s surface. With weathering, rock is disintegrated.
It breaks into pieces. Once the rock has been broken down, a process called erosion transports the bits of rock
and minerals away. Weathering and erosion are constantly changing Earth’s surface. There are two types of
weathering: physical weathering (also called mechanical weathering) and chemical weathering. Often, these
two types of weathering work together. Physical weathering causes rocks to crumble. This occurs when water
gets into the cracks and crevices of a rock. If the temperature drops low enough, the water will freeze. When water
freezes, it expands. The ice then works as a wedge by slowly widening the cracks until the rock splits. When the
ice melts back to liquid water, it spurs on erosion by carrying away the tiny rock pieces created during the split.
Chemical weathering is different than physical weathering because it actually changes the material that makes up
the rock. With chemical weathering, a chemical reaction takes place between the minerals that make up the rock and
the environment.
No rock on Earth’s surface is hard enough to withstand the impact of weathering. Working together, weathering and
erosion carved the Grand Canyon, which is located in Arizona. The Grand Canyon is one of the most impressive
land forms on Earth. It is 446 kilometers (227 miles) long, 29 kilometers (18 miles) wide, and 1.6 kilometers (1
mile) deep. Watch this short video to better understand how the process of weathering and erosion could create such
an enormous canyon: https://www.youtube.com/watch?v=ktf73HNZZGY

FIGURE 2.12
The Grand Canyon was formed over millions of years weathering and erosion.

While the forces of plate tectonics work to build huge mountains and other landscapes, the forces of weathering
gradually wear those rocks and landscapes away. Together with erosion, tall mountains turn into hills and even
plains. The Appalachian Mountains along the east coast of North America were once as tall as the Himalayas.
Weathering Takes Time

No human being can watch for millions of years as mountains are built, nor can anyone watch as those same
mountains gradually are worn away. But imagine a new sidewalk or road. The new road is smooth and even. Over
hundreds of years, it will completely disappear, but what happens over one year? What changes would you see? (
Figure 2.13). What forces of weathering wear down that road, or rocks or mountains over time?
• Animations of different types of weathering processes can be found here: http://www.geography.ndo.co.uk/a
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nimationsweathering.htm# .

FIGURE 2.13
A once smooth road surface has cracks
and fractures, plus a large pothole.

Effects of Erosion on Ecosystems

An ecosystem is made up of the living community and the non-living factors that affect it. Biotic factors (living
factors) include animals and plants; whereas, abiotic factors (non-living factors) include water supply, topography,
land forms, soil, sunlight, air quality (O2 ) and salinity. The health of an ecosystem is directly related to water
quality. When water causes soil erosion, sediments are carried to streams and rivers, altering the health of aquatic
ecosystems. Flooding can occur when large amounts of soil are carried to one place and deposited, causing damage
to the landscape. Another harmful effect of soil erosion occurs when nutrients in soil are delivered to nearby water
ways in excessive amounts. An abundance of phosphorus and fertilizers can cause an overgrowth of algae in lakes
and ponds. To learn how the Chesapeake Bay Program monitors the impact of excess nutrients on the aquatic
ecosystem, visit this site: http://www.chesapeakebay.net/issues/issue/nutrients

FIGURE 2.14
Chesapeake Bay Program-Monitoring excess nutrients in the water
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• abiotic factors: Non-living factors in an ecosystem, such as soil, water, sunlight, air quality, and topography
• biotic factors: Living factors in an ecosystem, such as plants, animals, and bacteria
• chemical weathering:The breakdown of rock due to chemical reactions between the material in the rock and
the environment
• erosion: Process by which earth material is moved from one area to another by water, glacier, or wind
• physical weathering: The breakdown of rock due to ice, heat, or pressure
• sediment:
• weathering: The breakdown of rocks and minerals on Earth’s surface
Summary
• Weathering breaks down Earth materials into smaller pieces.
• Erosion transports those pieces to other locations.
• Weathering and erosion modify Earth’s surface landscapes over time.
Explore More

It is important that we understand the impact that both natural and human activities can have on the health of our
watersheds. To learn more, check out this interactive activity: http://www.bellmuseum.umn.edu/games/watershe
d/watershed2.html
–
Review

1. How is weathering different from erosion?
2. Why does weathering take so much time?
3. What are some abiotic factors and what role do they have in an ecosystem?
Attributes

Figure-Excess nutrients in the Chesapeake Bay: http://www.chesapeakebay.net/issues/issue/nutrients
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FIGURE 2.15
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2.4 Wetland Biomes.docx

What may be the most biologically diverse type of ecosystem?
These are wetland marshes in Delaware. Notice the abundance of vegetation mixed with the water. And of course,
where there are plants, there are animals. Wetlands are considered the most biologically diverse of all ecosystems.
Plant life found in wetlands includes mangrove, water lilies, cattails, black spruce, cypress, and many others. Animal
life includes many different amphibians, reptiles, birds, insects, and mammals.
Freshwater Biomes
Freshwater biomes have water that contains little or no salt. They include standing and running freshwater biomes.
Standing freshwater biomes include ponds and lakes. Lakes are generally bigger and deeper than ponds. Some of
the water in lakes is in the aphotic zone, where there is too little sunlight for photosynthesis. Plankton and plants,
such as the duckweed in Figure below, are the primary producers in standing freshwater biomes.

The pond on the left has a thick mat of duckweed plants. They cover the surface of the water and use sunlight for
photosynthesis. The cattails on the right grow along a stream bed. They have tough, slender leaves that can withstand
moving water.
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Running freshwater biomes include streams and rivers. Rivers are usually larger than streams. Streams may start
with runoff or water seeping out of a spring. The water runs downhill and joins other running water to become a
stream. A stream may flow into a river that empties into a lake or the ocean. Running water is better able to dissolve
oxygen and nutrients than standing water. However, the moving water is a challenge to many living things. Algae
and plants, such as the cattails in Figure above, are the primary producers in running water biomes.
Wetlands
A wetland is an area that is saturated with water or covered by water for at least one season of the year. The water
may be freshwater or salt water. Wetlands are extremely important biomes for several reasons:
They store excess water from floods.
They slow down runoff and help prevent erosion.
They remove excess nutrients from runoff before it empties into rivers or lakes.
They provide a unique habitat that certain communities of plants need to survive.
They provide a safe, lush habitat for many species of animals, so they have high biodiversity.

See Biomes: Wetlands at http://www.youtube.com/watch?v=1lLtfbde16A and Biomes: Freshwater at http://www.youtube.com/w
additional information.
Want to know what wetlands are made of? watch the two videos listed below:
Wetlands Biome - https://www.youtube.com/watch?v=ft_2nj96jLM (2:54)
Wetlands at http://www.youtube.com/watch?v=1lLtfbde16A (3:07)
What effect do wetlands have on water quality? How does this work?
What is an estuary? How and why does the salinity of estuaries vary?

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/160741

KQED: Restoring Wetlands / Estuary’s
Chesapeake Bay Restoration: It is going to all six states working together to improve the overall health of the Bay.
Below is an example of a governmental agencies effort to help restore the bay.
Although the native oyster is an extremely resilient species, able to tolerate wide variations in salinity and temperature, it has not been immune to the pressures of disease, overharvesting, and pollution. As a result, native
oyster populations in Chesapeake Bay are at less than 1% of historic levels. This tremendous decline in the
oyster population has dramatically changed the ecology of the Bay as well as the oyster fishery and the cultural tradition of watermen who harvest seafood from the Bay for a living. One of the responses to this decline
has been attempts to restore oyster populations. NOAA and its partners bring expertise and knowledge of the
science and techniques behind oyster restoration to projects around the Bay.

NOAA is involved in oyster restoration projects at a number of locations around the Chesapeake Bay, including
a major, tributary-wide effort in Harris Creek on Maryland’s Eastern Shore. In Harris Creek, a team of federal and
state agencies, nonprofit organizations, and academic institutions including NOAA, the U.S. Army Corps of Engineers Baltimore
Maryland Department of Natural Resources, and Oyster Recovery Partnership, supported development of the Harris Creek Oyste
which details the restoration site selection process and the reef construction, seeding, and monitoring required to
bring Harris Creek in line with the oyster metrics definition of a successfully restored tributary.
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The Maryland Interagency Oyster Workgroup also has released a Little Choptank River Oyster Restoration Tributary Plan to
guide oyster restoration there. The workgroup is currently developing a Tributary Plan for the Tred Avon River, also
in the Choptank River system on Maryland’s Eastern Shore.
Click on the pinpoints in the map below for more information on NOAA involvement and progress in restoring
native oysters in these tributaries.

Harris Creek | Lynnhaven River | Lafayette River | Elizabeth River | Image Map
http://chesapeakebay.noaa.gov/oysters/oyster-restoration
California Restoration:
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More than 100,000 acres of wetlands are being restored in the Northern California Bay Area, but how exactly do we
know what to restore them to? Historical ecologists are recreating San Francisco Bay wetlands that existed decades
ago. To learn more, see http://science.kqed.org/quest/video/wetlands-time-machine/.
<iframe src=’http://science.kqed.org/quest/video/wetlands-time-machine/?embed=1’ height=’359’ width=’639’ frameborder=’0’ scrolling=’no’></iframe>
For more than 100 years, south San Francisco Bay has been a center for industrial salt production. Now federal
and state biologists are working to restore the ponds to healthy wetlands for fish and other wildlife. Salt marshes
are rich habitats that provide shelter and food for many species, some of which are endangered or threatened. See
http://www.kqed.org/quest/television/from-salt-ponds-to-wetlands for additional information.
What is an estuary?
The Estuary—where fresh and saltwater mix.

Aerial view of Wells National Estuarine Research Reserve. Image credit: Wells National Estuarine Research Reserve
Estuaries and their surrounding wetlands are bodies of water usually found where rivers meet the sea. Estuaries
are home to unique plant and animal communities that have adapted to brackish water—a mixture of fresh water
draining from the land and salty seawater.
However, there are also several types of entirely freshwater ecosystems that have many similar characteristics to
the traditional brackish estuaries. For example, along the Great Lakes, river water with very different chemical and
physical characteristics mixes with lake water in coastal wetlands that are affected by tides and storms just like
estuaries along the oceanic coasts. These freshwater estuaries also provide many of the ecosystem services and
functions that brackish estuaries do, such as serving as natural filters for runoff and providing nursery grounds for
many species of birds, fish, and other animals.
Estuaries are among the most productive ecosystems in the world. Many animals rely on estuaries for food, places
to breed, and migration stopovers.
Estuaries are delicate ecosystems. Congress created the National Estuarine Research Reserve System to protect more
than one million acres of estuarine land and water. These estuarine reserves provide essential habitat for wildlife,
offer educational opportunities for students, and serve as living laboratories for scientists.
Did you know?
Humans also rely on estuaries for food, recreation, jobs, and coastal protection. Of the 32 largest cities in the world,
22 are located on estuaries!

TABLE 2.1:
Listen to this Podcast on Estuaries ..
is the one of the largest Estuaries in the North America?
name of the type of water found in a Estuaries?
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TABLE 2.1: (continued)
http://oceanservice.noaa.gov/podcast/apr09/dd042209.mp3
Environmental Benefits:
Estuaries provide critical habitat for species that are valued commercially, recreationally, and culturally. Birds, fish,
amphibians, insects, and other wildlife depend on estuaries to live, feed, nest, and reproduce. Some organisms, like
oysters, make estuaries their permanent home; others, like horseshoe crabs, use them to complete only part of their
life cycle (Sumich, 1996). Estuaries provide stopovers for migratory bird species such as mallard and canvasback
ducks. Many fish, including American shad, Atlantic menhaden and striped bass, spend most of their lives in the
ocean, but return to the brackish waters of estuaries to spawn.
Economic Benefits
Estuaries are often the economic centers of coastal communities. Estuaries provide habitat for more than 75 percent
of the U.S. commercial fish catch, and an even greater percentage of the recreational fish catch (National Safety
Council’s Environmental Center, 1998). The total fish catch in estuaries contributes $4.3 billion a year to the U.S.
economy (ANEP, 1998).

TABLE 2.2:

Estuaries are also important recreational areas. Millions of people visit estuaries each year to boat, swim, watch
birds and other wildlife, and fish. Coastal recreation and tourism generate from $8-$12 billion per year in the United
States alone (National Safety Council’s Environmental Center, 1998).
Many estuaries are important centers of transportation and international commerce. In 1997, commercial shipping
employed over 50,000 people in the United States (National Safety Council’s Environmental Center, 1998). Many
of the products you use every day pass through one or more estuaries on a commercial shipping vessel before
ever reaching your home. The continuing prosperity many coastal communities reap from transportation, fishing
and tourism is clearly linked to the health of their estuaries. The economy and the environment are completely
intertwined.

TABLE 2.3:

Healthy estuaries provide tranquil
oases where canoists, kayakers,
sailors, fishers, and many others can
appreciate nature. Coastal recreation and tourism generate from $8$12 billion per year in the United
States alone. Click on image for
larger view. (Photo: Rookery Bay
NERRS site)

Birdwatching is a hobby enjoyed
by millions of Americans. Healthy
estuarine ecosystems provide excellent opportunities for birders to see
diverse avian species in their native
surroundings. Click on image for
larger view. (Photo: Rookery Bay
NERRS site)
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TABLE 2.3: (continued)

TABLE 2.4:
Why Are Estuaries Important?
Ecosystem
Services

TABLE 2.5:

In addition to providing economic, cultural and ecological benefits to communities, estuaries deliver invaluable
ecosystem services. Ecosystem services are fundamental life-support processes upon which all organisms depend
(Daily et al., 1997). Two ecosystem services that estuaries provide are water filtration and habitat protection. Habitats
associated with estuaries, such as salt marshes and mangrove forests, act like enormous filters. As water flows
through a salt marsh, marsh grasses and peat (a spongy matrix of live roots, decomposing organic material, and
soil) filter pollutants such as herbicides, pesticides, and heavy metals out of the water, as well as excess sediments
and nutrients (USEPA, 1993). One reason that estuaries are such productive ecosystems is that the water filtering
through them brings in nutrients from the surrounding watershed. A watershed, or drainage basin, is the entire land
area that drains into a particular body of water, like a lake, river or estuary. In addition to nutrients, that same water
often brings with it all of the pollutants that were applied to the lands in the watershed. For this reason, estuaries are
some of the most fertile ecosystems on Earth, yet they may also be some of the most polluted. Estuaries and their
surrounding wetlands are also buffer zones. They stabilize shorelines and protect coastal areas, inland habitats and
human communities from floods and storm surges from hurricanes. When flooding does occur, estuaries often act
like huge sponges, soaking up the excess water. Estuarine habitats also protect streams, river channels and coastal
shores from excessive erosion caused by wind, water and ice. Unlike economic services, ecosystem services are
difficult to put a value on, but we cannot do without them, and thus, they are essentially priceless.

TABLE 2.6:
Adaptations to Life in
the Estuary

TABLE 2.7:

Mangrove trees and blue crabs are some of the estuarine species that have adapted to unique environmental conditions. In almost all estuaries the salinity of the water changes constantly over the tidal cycle. To survive in these
conditions, plants and animals living in estuaries must be able to respond quickly to drastic changes in salinity. Plants
and animals that can tolerate only slight changes in salinity are called stenohaline (Sumich, 1996). These organisms
usually live in either freshwater or saltwater environments. Most stenohaline organisms cannot tolerate the rapid
changes in salinity that occur during each tidal cycle in an estuary. Plants and animals that can tolerate a wide
range of salinities are called euryhaline. These are the plants and animals most often found in the brackish waters
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of estuaries. There are far fewer euryhaline than stenohaline organisms because it requires a lot of energy to adapt
to constantly changing salinities. Organisms that can do this are rare and special. Some organisms have evolved
special physical structures to cope with changing salinity. The smooth cordgrass (Spartina alterniflora) found in salt
marshes, for example, has special filters on its roots to remove salts from the water it absorbs. This plant also expels
excess salt through its leaves.

TABLE 2.8:

Unlike plants, which typically live their whole lives rooted to one spot, many animals that live in estuaries must
change their behavior according to the surrounding waters’ salinity in order to survive. Oysters and blue crabs are
good examples of animals that do this.

TABLE 2.9:
Human Disturbances to
Estuaries

TABLE 2.10:

Because they are transitional areas between the land and the sea, and between freshwater and saltwater environments,
estuaries can be seriously impacted by any number of human, or anthropogenic, activities. The greatest threat to
estuaries is, by far, their large-scale conversion by draining, filling, damming or dredging. These activities result
in the immediate destruction and loss of estuarine habitats. Until the last few decades, many estuary habitats in
North America were drained and converted into agricultural areas; others were filled to create shipping ports and
expand urban areas. In the United States, 38 percent of the wetlands associated with coastal areas have been lost
to these types of activities (Good et al., 1998). In some areas, the estuarine habitat loss is as high as 60 percent.
Of the remaining estuaries around the world, many are seriously degraded by pollution. People have historically
viewed estuaries and waterways as places to discard the unwanted by-products of civilization. Pollution is probably the most important threat to water quality in estuaries. Poor water quality affects most estuarine organisms,
including commercially important fish and shellfish. The pollutants that have the greatest impact on the health of
estuaries include toxic substances like chemicals and heavy metals, nutrient pollution (or eutrophication), and
pathogens such as bacteria or viruses. Another, less widely discussed human-caused disturbance is the introduction
of non-native or invasive species into estuarine environments.

TABLE 2.11:
Monitoring Estuaries
temperature | depth | salinity | dissolved oxygen | turbidity | pH | nutrients | chlorophyll

TABLE 2.12:

The National Estuarine Research Reserve System or NERRS is a partnership program between NOAA and U.S.
coastal states that protects more than one million acres of estuarine land and water. These estuarine reserves provide
essential habitat for wildlife; offer educational opportunities for students, teachers and the public; and serve as
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living laboratories for scientists. The health of every reserve is continuously monitored by the NERRS System-wide
Monitoring Program or SWMP (pronounced “swamp”). SWMP measures changes in estuarine waters to record
how human activities and natural events affect coastal habitats. The NERRS SWMP uses automated data loggers
to monitor the temperature, depth, salinity, dissolved oxygen, turbidity, and pH of each estuary’s water. These
variables are recorded every 30 minutes at four stations in each of the 26 NERRS sites. They are key indicators of
water quality and environmental conditions for the plants and animals that live in or use the estuary. The reserves
also sample the water for nutrients (nitrogen and phosphorus) and chlorophyll on a monthly basis. Weather can
have a major impact on water quality in estuaries. For example, rainfall can increase sediment runoff, which, in turn,
influences dissolved oxygen, turbidity, pH and temperature. As part of SWMP, every reserve has a weather station
that collects data every 15 minutes on temperature, relative humidity, atmospheric pressure, rainfall, wind speed and
direction. Several reserves are able to send real-time data as they are collected directly to Web sites on the Internet.
These data have already helped scientists gain a better understanding of how environmental conditions fluctuate in
estuaries. The SWMP data have been used to detect conditions related to oyster diseases, measure the recovery of
estuaries after hurricanes, and evaluate restoration projects in estuaries.

References for information about Estuaries: http://oceanservice.noaa.gov/education/kits/estuaries/estuaries13_references.
Our Local Estuary!!!

TABLE 2.13:
The Chesapeake Bay Foundation’s 2014 State of the Bay report presents a mix of good and bad news. The Bay
is improving. Slowly. But it is improving.
The great news: Water quality indicator scores have improved significantly. What we can control—pollution
entering our waterways—is moving in the right direction.
The worrisome news: Blue crabs and striped bass are not doing well. These metrics indicate a system still
dangerously out of balance.
We continue to have polluted water, risks to human health, and lost jobs—at huge societal costs.
The future is just around the corner; 2017—the year when 60 percent of programs to achieve the
Chesapeake Clean Water Blueprint pollution reduction targets are to be in place—is in our sights.

TABLE 2.14:
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TABLE 2.14: (continued)
We must accelerate pollution reduction, particularly from agriculture. Runoff from farm fields remains the largest
source of pollution to the Bay and its rivers and streams. Ironically, this pollution is the least expensive to reduce
and has the most generous federal and state cost-share funding available.
In some jurisdictions, polluted runoff from urban and suburban areas is the only source of pollution continuing to
grow. Investments in reducing this source of pollution must be increased as well.
The Clean Water Blueprint is working so far—improvements in water quality reflect that fact—but there are
danger signs ahead. If we want the gains we’ve made so far to result in a clean Bay and swimmable, fishable
rivers, we must accelerate our efforts. States must expedite required implementation of agricultural and urban
pollution reduction. If they do not, EPA must impose sanctions. If we want results we must do the work required
to get us there.

TABLE 2.15:
The Chesapeake Bay Foundation’s State of the Bay report examines the best available historical and current
information for 13 indicators in three categories: pollution, habitat, and fisheries. CBF scientists then assign
each indicator an index score between 1 and 100. Taken together, these indicators offer an assessment of the
Chesapeake’s health.
Progress is compared against the last State of the Bay report, published by CBF in 2012.
Following are excerpts from the 2014 State of the Bay indicator summaries. For the complete report, download the
PDF file.

POLLUTION
INDICATORS: Nitrogen Phosphorus, Dissolved Oxygen, Water Clarity, Toxics
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TABLE 2.16:
Two of the five pollution
indicators—dissolved
oxygen
and water clarity—are improved.
Two held steady, and only
one—phosphorus—declined. Over
all, the water quality indicators
improved by about 10 percent
over the most recent, 2012, report
and there has been continued
improvement since 2008.
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TABLE 2.16: (continued)

Nitrogen: 16 (no change from
2012) Phosphorus: 25(-2 from
2012)

NITROGEN & PHOSPHORUS
Excess nitrogen and phosphorus,
which fuels algal blooms that ultimately cause the Bay’s dead zone,
is still largely driven by precipitation, which washes contaminants
into our waterways. With the watershed’s ever-growing population
pollution from urban and suburban runoff has become the only
major source of nitrogen pollution in the Bay still growing. This
reflects the need for increasing
runoff management efforts.
Phosphorus levels increased in several areas, particularly in the Potomac and James Rivers and on
Maryland’s Eastern Shore. The
drop in the phosphorus score emphasizes the need to see to it
that farmers have the tools they
need to reduce manure-related
phosphorus pollution running off
fields and degrading local waterways.
Decreases in nitrogen in mostly
forested headwater streams has
been attributed to the regulatory reduction of air pollution from coalfired power plants.
Upgrades to sewage treatment
plants continue to reap benefits,
as evidenced by the return of
underwater grasses to the Potomac
and Patuxent Rivers.
Reducing pollution from agriculture remains the region’s biggest
challenge.Best management practices are the most cost-effective way
to achieve reductions in this area.
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TABLE 2.16: (continued)

Dissolved Oxygen: 37(+12 from
2012)

Water Clarity: 18(+2 from 2012)

Toxics: 28(no change from 2012)

DISSOLVED OXYGEN
Strong winds from Hurricane
Arthur mixed the upper layers of
water, which have more oxygen,
into the deeper waters, which had
suffered from high spring pollution
loads, leading to a smaller dead
zone.
Cooler water holds more oxygen,
and below-average July temperatures resulted in the dead zone remaining the smallest it has been in
30 years of sampling.
However, as temperatures increased
towards summer’s end, the dead
zone returned to "above average"
size.
WATER CLARITY
Implementation of the Chesapeake
Clean Water Blueprint will reduce
the amount of nitrogen, phosphorus, and sediment reaching our
streams, ultimately leading to better
water clarity in the Bay. Practices,
such as streamside forest buffers
and conservation tillage on farmland, and creating more open spaces
in urban areas, are particulary effective at preventing runoff of soil and
nutrients.
TOXICS
After much urging from CBF and
other environmental groups, the
new Chesapeake Watershed Agreement includes a goal to "Ensure that
the Bay and its rivers are free of
effects of toxic contaminants on living resources and human health.
The Anacostia River Toxics Remediation Act of 2014 established a
June 2018 deadline for establishing a clean-up plan for removing
toxic chemicals from the Anacostia River, one of the region’s toxic
hotspots.

These are excerpts from CBF’s 2014 State of the Bay indicator summaries. For the complete report, download the
PDF file.
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TABLE 2.17:

Forested Buffers:
2012)

Wetlands:
2012)

58(-5 from

42(no change from

FORESTED BUFFERS
Forested buffers remain one of
the best measures we can take for
the environment but implementation continues to decline. Accelerating implementation is a key component of the Chesapeake Clean
Water Blueprint and the federal
Chesapeake Executive Order Strategy (EO13508).
In recent years, the average acres of
forest buffers planted was roughly
4,000 acres per year. To achieve
Blueprint commitments watershedwide, an average of 14,000 acres
per year is needed between now and
2025.
In June 2014, the Alliance for the
Chesapeake Bay convened a “Forest Buffer Summit.” One outcome
was the establishment of state task
forces, led by the U.S. Department
of Agriculture (USDA), to develop
recommendations for how to overcome current obstacles to greater
implementation.
WETLANDS
In 2014, the new Chesapeake Watershed Agreement set a goal of
restoring 85,000 acres of wetlands
by 2025. For context, between
2010 and 2013, some 6,000 acres
of wetlands were restored on farmland—about seven percent of this
new goal.
Also in 2014, the Environmental
Protection Agency released a draft
regulation that attempts to clarify
what types of water bodies are protected under the Clean Water Act.
The rule responded to two Supreme
Court decisions that had caused
great confusion among regulators,
the regulated community, and other
stakeholders. This rule, clarifying
wetland definitions and boundaries,
will ensure vital wetland habitat remains protected.
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TABLE 2.17: (continued)

Underwater Grasses: 22(+2 from
2012)

Resource Lands: 32(no change
from 2012)

UNDERWATER GRASSES
From 2012 to 2013, underwater
grasses increased roughly 24 percent, a strong recovery from the
previous years of decline. This recovery appears to have continued
into 2014. In addition, many of
the observed beds are dense and
healthy, also a positive sign for Bay
recovery. The huge, dense grass bed
on the Susquehanna Flats, which
was able to survive Hurricane Irene
and Tropical Storm Lee in 2011,
increased in acreage in 2013 and
remained robust in 2014.
Improvement in underwater grasses
is good news because grasses provide critical habitat, hold sediment,
and slow erosion. Continued recovery of underwater grass beds
is a good indicator that progress
is being made, but improvements
to forested buffers, wetlands, and
resource lands—along with improvements in the five pollution
reduction indicators—are necessary for this trend to continue.
RESOURCE LANDS
Forestland increased statewide in
Pennsylvania and Virginia over the
past five years, yet there is still a net
loss of a half million acres over the
last 15 years in the three major Bay
states.
At the same time, land development has increased.
Failure to effectively plan, account
for, and offset growth, and manage runoff from new development with strong state stormwater programs could endanger water quality improvements.

INDICATORS: Forested Buffers, Wetlands, Underwater Grasses, Resource Lands
These are excerpts from CBF’s 2014 State of the Bay indicator summaries. For the complete report, download the
PDF file.
FISHERIES
INDICATORS: Rockfish, Blue Crabs, Oysters, Shad
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TABLE 2.18:

Rockfish: 64(-5 from 2012)

ROCKFISH
A new scientific assessment documents a ten-year decline in the rockfish (striped bass) population since
2003, to the level that triggers conservation action. Catches coastwide
will be cut back beginning in 2015
in an effort to bring numbers up.
The current population level is
still fully capable of reproducing.
Spawning in 2014 was about average, and the 2011 hatch was very
good and will help bring adult numbers up in the next few years.
Scientists have found that rockfish
are dying at higher rates in recent
years, probably because of Mycobacteriosis, a disease triggered
by stress from low oxygen levels
and poor nutrition from lack of
preferred forage species like menhaden.
Improvements in oxygen levels and forage species will
help the 2011 year class survive in
numbers that will bolster future
rockfish populations.

57

2.4. Wetland Biomes.docx

www.ck12.org

TABLE 2.18: (continued)

Blue Crabs: 45(-10 from 2012)

58

BLUE CRABS
The Bay’s blue crab population
dropped dramatically to less than
half its 2012 level. Most noteworthy, the number of adult female crabs (the spawning stock)
dropped below the level considered depleted, forcing the states
to cut back on catches to improve
the chances of good reproduction.
Crabbers suffered poor catches in
both 2013 and 2014.
The science-based management approach put in place in 2008 provides
important guidelines for the fishery,
but has not been able to stabilize the
fishery at sustainable levels. Consideration should be given to a
quota-based system for managing
total catch as a way to improve
the quality of the fishery.
Factors other than harvest are evidently also limiting the crab population. The large numbers of juvenile
crabs produced in 2011 did not mature into large numbers of adults as
expected. Continued low levels of
underwater grass habitat probably
exposed small crabs to high predation by striped bass and other predatory fish. Clearly the management of the crab catch needs to be
supplemented by further efforts
to reduce nitrogen and phosphorous pollution and restore crab
habitat.
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TABLE 2.18: (continued)

Oysters: 8(+2 from 2012)

OYSTERS
Surveys show oysters are surviving better than they have in
decades. Roughly a billion oysters
are now planted annually in the Bay
and its tributaries. Over 90 percent
have survived in Maryland waters in
each of the last three years, indicating reduced losses from disease. In
addition, a good spat set (the number of baby oysters attaching to hard
surfaces) in recent years is boosting
restoration efforts and watermen’s
catches.
The total Baywide catch nearly hit
one million bushels in the 2013-14
season, the first time that benchmark has been approached since
1987. Most importantly, a thriving
aquaculture industry has taken root,
producing five times what it did just
five years ago.
Collaboration between state and
federal agencies has never been better. A new approach that targets
individual river systems with a goal
of restoring ten tributaries by 2025
is showing great promise.
Still, there are major challenges.
The increased catches are improving the availability of shell, the preferred material for restoring reefs,
but quantities are still well below what is needed. Alternative
materials are being tried successfully and will be essential for rebuilding the once-common, threedimensional reefs. Most importantly, continued dedicated funding will be essential to maintain
momentum and recover the essential role that oysters play in
the Bay ecosystem.
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TABLE 2.18: (continued)
SHAD
The spring 2014 shad run was relatively good in Virginia rivers, and
the Potomac River remains a bright
spot. But the Susquehanna River,
the site of enormous historical shad
runs, had its lowest number of returns since the Conowingo Dam
fish lift began operations in 1997.
The dam is currently undergoing
relicensing. Improving upstream
and downstream fish passage is a
critical element in the relicensing.
State and federal efforts to re-stock
shad juveniles have met their targets
in recent years.
Once the most valuable fishery
in the Chesapeake, shad are now
in danger of being the forgotten
fishery and will only recover with
a formula that includes restocking of juveniles, protecting adult
fish in the ocean and the Bay,
and restoring access to historic
spawning grounds.

Shad: 9(no change from 2012)

These are excerpts from CBF’s 2014 State of the Bay indicator summaries. For the complete report, download the
PDF file.

TABLE 2.19:

60

www.ck12.org

Chapter 2. Watersheds

TABLE 2.19: (continued)
CONCLUSIONS
The good news is that we are on the right path. The State of the Chesapeake Bay is improving. Slowly, but
improving. The Clean Water Blueprint for the Chesapeake and its rivers and streams is working. What we can
control—pollution entering our waterways—is getting better.
But, the Bay is far from saved. Our 2014 report confirms that the Chesapeake and its rivers and streams remain
a system dangerously out of balance, a system in crisis. If we don’t keep making progress—even accelerate
progress—we will continue to have polluted water, human health risks, and declining economic benefits—at
huge societal costs.
All of us, including our elected officials, need to stay focused on the Blueprint, push harder, and keep moving
forward. Our environment, our economy, and our health depend on it. Saving the Bay and restoring local water
quality will not just benefit us; clean water will benefit our children and all future generations.

The State of the Chesapeake Bay is improving. Slowly, but improving. What we can control—pollution entering
our waterways—is getting better. But, the Bay is far from saved. Our 2014 report confirms that the Chesapeake
and its rivers and streams remain a system dangerously out of balance, a system in crisis. If we don’t keep making
progress—even accelerate progress—we will continue to have polluted water, human health risks, and declining
economic benefits—at huge societal costs.
FULL IMPLEMENTATION OF THE MAKES GOOD ECONOMIC AND ENVIRONMENTAL SENSE

http://www.cbf.org/about-the-bay/state-of-the-bay-report-2014
Other Estuaries in the United States
KQED: San Francisco Bay: A Unique Estuary
An estuary is a partly enclosed coastal body of water with one or more rivers or streams flowing into it, and with a
free connection to the ocean. Estuaries can be thought of as the most biologically productive regions on Earth, with
very high biodiversity.Estuaries are zones where land and sea come together, and where fresh and salt water meet.
The San Francisco Bay is one of the great estuaries of the world. See http://www.youtube.com/watch?v=clZz2OjE5n0 for
further information.
Engineering River Cleanups
Contaminants released decades ago are still affecting our environment. This is particularly evident in the sediment on the floors of rivers, streams, lakes and oceans. The released toxins are absorbed by fish, affecting the
ecological food chain as well as the fish we eat. Can this issue be lessened? See Engineering River Cleanups at
http://youtu.be/oiHNdcdU1pM?list=PLzMhsCgGKd1hoofiKuifwy6qRXZs7NG6a for additional information.
Summary
Freshwater biomes include standing water and running water biomes.
Wetlands are extremely important biomes. They may have freshwater or salt water.
Estuaries are areas where freshwater streams or rivers merge with the ocean.
Explore More
Use this resource to answer the questions that follow.
http://www.hippocampus.org/Biology
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Non-Majors Biology

Search: Freshwater Biomes
Why are freshwater biomes considered "limited"?
Describe a wetland. Give examples of wetlands.
What are the 3 zones of ponds and lakes?
What is the US’s largest Estuary?
What types of organisms can thrive in the headwaters of streams and rivers?
Review
Describe a freshwater biome.
Define a wetland.
Why do wetlands have high biodiversity?
A developer wants to extend a golf course into a wetland. Outline environmental arguments you could make against
this plan.
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2.5 Conserving the Water Supply
Introduction

The water supply can be harmed in two major ways. The water can be polluted, and it can be overused. Protecting
the water supply must address both problems. We need to reduce how much pollution ends up in the water supply.
We need to treat water that’s already polluted. We need to conserve water by using less.
Reducing Water Pollution

In the mid 1900s, people were startled to see the Cuyahoga River in Cleveland, Ohio, burst into flames! The river
was so polluted with oil and other industrial wastes that it was flammable. Nothing could live in it. You can see the
Cuyahoga River in Figure 2.16

FIGURE 2.16
Left: The Cuyahoga River flows through
Cleveland, Ohio. In the mid 1900s, there
was a lot of industry in this part of Ohio.
The river became very polluted. Right:
Today, the river is much cleaner.

Controlling Water Pollution

Disasters such as rivers burning led to new U.S. laws to protect the water. For example, the Environmental Protection
Agency (EPA) was established, and the Clean Water Act was passed. Now, water is routinely tested. Pollution is
tracked to its source, and polluters are forced to fix the problem and clean up the pollution. They are also fined.
These consequences have led industries, agriculture, and communities to pollute the water much less than before.
What You Can Do

Most water pollution comes from industry, agriculture, and municipal sources. Homes are part of the municipal
source and the individuals and families that live in them can pollute the water supply. What can you do to reduce
water pollution? Read the tips below.
• Properly dispose of motor oil and household chemicals. Never pour them down the drain. Also, don’t let them
spill on the ground. This keeps them out of storm sewers and bodies of water.
• Use fewer lawn and garden chemicals. Use natural products instead. For example, use compost instead of
fertilizer. Or grow plants that can thrive on their own without any extra help.
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• Repair engine oil leaks right away. A steady drip of oil from an engine can quickly add up to gallons. When
the oil washes off driveways and streets it can end up in storm drains and pollute the water supply.
• Don’t let pet litter or pet wastes get into the water supply (see Figure 2.17). The nitrogen they contain can
cause overgrowth of algae. The wastes may also contain bacteria and other causes of disease.

FIGURE 2.17
Why should people always clean up after their pets?

Water Treatment

Water treatment is a series of processes that remove unwanted substances from water. The goal of water treatment
is to make the water safe to return to the natural environment or to the human water supply. Treating water for other
purposes may not include all the same steps. That’s because water used in agriculture or industry may not have to
be as clean as drinking water.
You can see how water for drinking is treated in Figure 2.18. Treating drinking water requires at least four processes:
1. Chemicals are added to untreated water. They cause solids in the water to clump together. This is called
coagulation. 2. The water is moved to tanks. The clumped solids sink to the bottom of the water. This is called
sedimentation. 3. The water is passed through filters that remove smaller particles from the water. This is called
filtration. 4. Chlorine is added to the water to kill bacteria and other microbes. This is called disinfection. Finally,
the water is pure enough to drink.

FIGURE 2.18
Four processes are used to treat water to make it safe for drinking.
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Conserving Water

Conserving water means using less of it. Of course, this mostly applies to people in the wealthy nations that have
the most water and also waste the most.

Saving Water in Irrigation

Irrigation is the single biggest use of water. Overhead irrigation wastes a lot of water. Drip irrigation wastes a lot
less. Figure 2.19 shows a drip irrigation system. Water pipes run over the surface of the ground. Tiny holes in the
pipes are placed close to each plant. Water slowly drips out of the holes and soaks into the soil around the plants.
Very little of the water evaporates or runs off the ground.

FIGURE 2.19
This is a drip irrigation system. Look at the soil in the photo. It’s damp
around each plant but dry everywhere else.

Rationing Water

Some communities save water with rationing. Much rationing takes place only during times of drought. During
rationing, water may not be used for certain things. For example, communities may ban lawn watering and car
washing. People may be fined if they use water in these ways. You can do your part. Follow any bans where you
live.

Saving Water at Home

It’s easy to save water at home. If you save even a few gallons a day you can make a big difference over the long
run. The best place to start saving water is in the bathroom. Toilet flushing is the single biggest use of water in the
home. Showers and baths are the next biggest use. Follow the tips below to save water at home.
• Install water-saving toilets. They use only about half as much water per flush. A single household can save up
to 20,000 gallons a year with this change alone!
• Take shorter showers. You can get just as clean in 5 minutes as you can in 10. And you’ll save up to 50 gallons
of water each time you shower. That’s thousands of gallons each year.
• Use low-flow shower heads. They use about half as much water as regular shower heads. They save thousands
of gallons of water.
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• Fix leaky shower heads and faucets. All those drips really add up. At one drip per second, more than 6,000
gallons go down the drain in a year — per faucet!
• Don’t leave the water running while you brush your teeth. You could save as much as 10 gallons each time
you brush. That could add up to 10,000 gallons in a year.
• Landscape your home with plants that need little water. This could result in a huge savings in water use. Look
at the garden in Figure 2.20. It shows that you don’t have to sacrifice beauty to save water.

FIGURE 2.20
This beautiful garden contains only plants
that need very little water.

Summary

• Laws have been passed to control water pollution. In many places, water is cleaner now than it used to be.
Everyone can help reduce water pollution. For example, they can keep motor oil and pet wastes out of the
water supply.
• Water treatment is a series of processes that remove unwanted substances from water. More processes are
needed to purify water for drinking than for other uses.
• There are many ways to use less water. For example, drip irrigation wastes less than other methods. Watersaving toilets and shower heads can save a lot of water at home.
Vocabulary

• water treatment-a series of processes that remove unwanted substances from water.
• EPA - Environmental Protection Agency- Government agency that is tasked with creating laws to preserve
and protect the environment.
Review Questions

1. Identify three ways that people can reduce water pollution at home.
2. List the processes used to treat drinking water.
3. What is filtration? What does it remove from water?
4. Why is chlorine added to drinking water?
5. Describe how water might be rationed in a community. Why would this be done?
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Apply Concepts

6. Assume a city has 50,000 households. Also assume that each household will replace all of its toilets with watersaving models. Use data in the lesson to estimate how many gallons of water the city could save in a year from this
change alone.
7. Describe a model home with features that save water.
Think Critically

8. Compare and contrast drip irrigation and sprinkler irrigation. Explain which one wastes less water. Which one
causes less water pollution? Why? In what regions is drip irrigation most useful?
Points to Consider

We can survive for a few days without water. We can survive for just a few minutes without air. Like water, air is
polluted by human actions.
• What causes air pollution?
• What can be done to keep air clean?
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2.6 Water Supply and Pollution
Introduction

All forms of life need water to survive. Humans can survive for only a few days without it. That’s a lot less time than
we can live without food. Besides drinking, people also need water for cleansing, agriculture, industry, and many
other uses. Clearly, water is one of Earth’s most important natural resources. It’s a good thing that water is recycled
in the water cycle. Water pollution is a worldwide problem. Almost anything released into the air or onto the land
can end up in Earth’s water.
How We Use Water

Figure 2.21 shows how people use water worldwide. The greatest use is for agriculture and then industry. Municipal
use is last, but is also important. Municipal use refers to water used by homes and businesses in communities.

FIGURE 2.21
In this global water use chart, see how
much is used for agriculture. Why do you
think so much water is used in agriculture?

Water in Agriculture

Many crops are grown where there isn’t enough rainfall for plants to thrive. For example, crops are grown in deserts
of the American southwest. How is this possible? The answer is irrigation. Irrigation is any way of providing extra
water to plants. Most of the water used in agriculture is used for irrigation. Livestock also use water, but they use
much less.
Irrigation can waste a lot of water. The type of irrigation shown in Figure 2.22 is the most wasteful. The water
is sprayed into the air and then falls to the ground. But much of the water never reaches the crops. Instead, it
evaporates in the air or runs off the fields. Irrigation water may cause other problems. The water may dissolve
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agricultural chemicals such as pesticides. When the water soaks into the ground, the dissolved chemicals do, too.
They may enter groundwater or run off into rivers or lakes. Salts in irrigation water can also collect in the soil. The
soil may get too salty for plants to grow.

FIGURE 2.22
Overhead irrigation systems like this one
are widely used to irrigate crops on big
farms.

What are some drawbacks of

irrigation?

Water in Industry

Almost a quarter of the water used worldwide is used in industry. Industries use water for many purposes. Chemical
processes need a lot of water. Water is used to generate electricity. An important way that industries use water is to
cool machines and power plants.

Household Uses of Water

Think about all the ways people use water at home. Besides drinking it, they use it for cooking, bathing, washing
dishes, doing laundry, and flushing toilets. The water used inside homes goes down the drain. From there it usually
ends up in a sewer system. At the sewage treatment plant, water can be is treated and prepared for reuse.
Households may also use water outdoors. If your family has a lawn or garden, you may water them with a hose or
sprinkler. You probably use water to wash the car, like the teen in Figure 2.23. Much of the water used outdoors
evaporates or runs off into the gutter. The runoff water may end up in storm sewers that flow into a body of water,
such as the ocean.

Water for Fun

There are many ways to use water for fun, from white water rafting to snorkeling. When you do these activities
you don’t actually use water. You are doing the activity on or in the water. What do you think is the single biggest
use of water for fun? Believe it or not, it’s golf! Keeping golf courses green uses an incredible amount of water.
Since many golf courses are in sunny areas, much of the water is irrigation water. Many golf courses, like the one in
Figure 2.24, have sprinkler systems. Like any similar sprinkler system, much of this water is wasted. It evaporates
or runs off the ground.
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FIGURE 2.23
What will happen to the water that runs off
the van? Where will it go?

FIGURE 2.24
Sunshine brings golfers to the desert but
a lot of water is needed to make the
desert green enough to play.

Water Problems: Not Enough Water

Most Americans have plenty of fresh, clean water. But many people around the world do not. In fact, water scarcity
is the world’s most serious resource problem. How can that be? Water is almost everywhere. More than 70 percent
of Earth’s surface is covered by water.

Where Is All the Water?

One problem is that only a tiny fraction of Earth’s water is fresh, liquid water that people can use. More than 97
percent of Earth’s water is salt water in the oceans. Just 3 percent is freshwater. Most of the freshwater is frozen in
ice sheets, icebergs, and glaciers (see Figure 2.25).
70

www.ck12.org

Chapter 2. Watersheds

FIGURE 2.25
This glacier in Patagonia,

Argentina

stores a lot of frozen freshwater.

Distribution of Water on Earth

According the the image above 1% of fresh water is available for us to use, however this is not 100% accurate. Of that
1% some water is trapped in living organisms or in the atmosphere and is not accessible for human consumption.
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Rainfall and the Water Supply

Rainfall varies around the globe. About 40 percent of the land gets very little rain. About the same percentage of
the world’s people don’t have enough water. You can compare global rainfall with the worldwide freshwater supply
at the two URLs below. Drier climates generally have less water for people to use. In some places, people may have
less water available to them for an entire year than many Americans use in a single day! How much water is there
where you live?
• Global rainfall: http://commons.wikimedia.org/wiki/File:World_precip_annual.png
• Freshwater supply: http://commons.wikimedia.org/wiki/File:2006_Global_Water_Availability.svg
Wealth and the Water Supply

Richer nations can drill deep wells, build large dams or supply people with water in other ways. In these countries,
just about everyone has access to clean running water in their homes. It’s no surprise that people in these countries
also use the most water. In poorer nations, there is little money to develop water supplies. Look at the people in
Figure 2.26. These people must carry water home in a bucket from a distant pump.

FIGURE 2.26
Water is a luxury in Africa, and many
people have to carry water home. How
would you use water differently if you had
to get your water this way?

Water Shortages

Water shortages are common in much of the world. People are most likely to run short of water during droughts. A
drought is a period of unusually low rainfall. Human actions have increased how often droughts occur. One way
people can help to bring on drought is by cutting down trees. Trees add a lot of water vapor to the air. With fewer
trees, the air is drier and droughts are more common.
We already use six times as much water today as we did a hundred years ago. As the number of people rises, our
need for water will grow. By the year 2025, only half the world’s people will have enough clean water. Water is such
a vital resource that serious water shortages may cause other problems.
• Crops and livestock may die, so people will have less food available.
• Other uses of water, such as industry, may have to stop. This reduces the jobs people can get and the products
they can buy.
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• People and nations may fight over water resources.
• In extreme cases, people may die from lack of water.

The Figure 2.27 shows the global water situation in the 2030s with water stress and water scarcity on the map.

FIGURE 2.27
Blues indicate no predicted water stress;
pinks and lavenders predict water stress,
and salmon to brown indicates water
scarcity (variations of those colors indicate the amount of irrigation that will be
done to produce crops).

Water Problems: Poor Quality Water

The water Americans get from their faucets is generally safe. This water has been treated and purified. But at least
20 percent of the world’s people do not have clean drinking water. Their only choice may be to drink water straight
from a river (see Figure 2.28). If the river is polluted with wastes, it will contain bacteria and other organisms that
cause disease. Almost 9 out of 10 cases of disease worldwide are caused by unsafe drinking water. Diseases from
unsafe drinking water are the leading cause of death in young children.

Point and Nonpoint Source Pollution

Pollution that enters water at just one point is called point source pollution. For example, chemicals from a factory
might empty into a stream through a pipe or set of pipes (see Figure below ), this type of pollution is easily identified
and the polluters can be pointed out. Pollution that enters in many places is called non-point source pollution (can
not point to the source or identify the polluters). This means that the pollution is from multiple sources. With
non-point source pollution, runoff may carry the pollution into a body of water. Which type of pollution do you
think is harder to control?
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FIGURE 2.28
This girl is getting drinking water from a
hole that has been dug. It may be the only
source of water where she lives.

FIGURE 2.29

Sources of Water Pollution

There is evidence that the oceans have suffered at the hands of mankind for millennia, as far back as Roman times.
But recent studies show that degradation, particularly of shoreline areas, has accelerated dramatically in the past
three centuries as industrial discharge and runoff from farms and coastal cities has increased.
Pollution is the introduction of harmful contaminants that are outside the norm for a given ecosystem. Common
man-made pollutants that reach the ocean include pesticides, herbicides, chemical fertilizers, detergents, oil, sewage,
plastics, and other solids. Many of these pollutants collect at the ocean’s depths, where they are consumed by small
marine organisms and introduced into the global food chain. Scientists are even discovering that pharmaceuticals
ingested by humans but not fully processed by our bodies are eventually ending up in the fish we eat.
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There are three main sources of water pollution:

1. Agriculture.
2. Industry.
3. Municipal, or community, sources.

1. Water Pollution from Agriculture

Huge amounts of chemicals, such as fertilizers and pesticides, are applied to farm fields (see Figure below ). Some
of the chemicals are picked up by rainwater. Runoff then carries the chemicals to nearby rivers or lakes. Dissolved
fertilizer causes too much growth of water plants and algae. This can lead to dead zones where nothing can live in
lakes and at the mouths of rivers. Some of the chemicals can infiltrate into groundwater. The contaminated water
comes up in water wells. If people drink the polluted water, they may get sick.

FIGURE 2.30

Waste from livestock can also pollute water. The waste contains bacteria and other organisms that cause disease.
In fact, more than 40 human diseases can be caused by water polluted with animal waste. Many farms in the U.S.
have thousands of animals. These farms produce millions of gallons of waste. The waste is stored in huge lagoons,
like the one in Figure below . Unfortunately, many leaks from these lagoons have occurred. Two examples are
described below.

• In North Carolina, 25 million gallons of hog manure spilled into a nearby river. The contaminated water killed
millions of fish.
• In Wisconsin, cow manure leaked into a city’s water supply. Almost half a million people got sick. More than
100 people died.
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FIGURE 2.31

Runoff from crops, livestock, and poultry farming carries contaminants such as fertilizers, pesticides, and animal
waste into nearby waterways ( Figure below ). Soil and silt also runs off farms. Animal wastes may carry harmful
diseases, particularly in the developing world.

FIGURE 2.32

Fertilizers that run off of lawns and farm fields are extremely harmful to the environment. Nutrients, such as nitrates,
in the fertilizer promote algae growth in the water they flow into. With the excess nutrients, lakes, rivers, and bays
become clogged with algae and aquatic plants. Eventually these organisms die and decompose. Decomposition
uses up all the dissolved oxygen in the water. Without oxygen, large numbers of plants, fish, and bottom-dwelling
animals die.
Every year dead zones appear in lakes and nearshore waters. A dead zone is an area of hundreds of kilometers of
ocean without fish or plant life ( Figure below ).
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FIGURE 2.33

The Mississippi is not the only river that carries the nutrients necessary to cause a dead zone. Rivers that drain
regions where human population density is high and where crops are grown create dead zones all over the world (
Figure below ).

FIGURE 2.34

2. Water Pollution from Industry

Factories, power plants and hospitals spew pollutants into the air and waterways ( Figure below ). Some of the most
hazardous industrial pollutants include:
• Many industries produce toxic chemicals. Some of the worst are arsenic, lead, and mercury.
• Nuclear power plants produce radioactive chemicals. They cause cancer and other serious health problems.
• Oil tanks and pipelines can leak. Leaks may not be noticed until a lot of oil has soaked into the ground. The
oil may pollute groundwater so it is no longer fit to drink.
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Radioactive substances from nuclear power plants, medical and scientific sources.
Heavy metals, organic toxins, oils, and solids in industrial waste.
Chemicals, such as sulfur, from burning fossil fuels.
Oil and other petroleum products from supertanker spills and offshore drilling accidents.
Heated water from industrial processes, such as power stations.

FIGURE 2.35

•

Case Study of Industrial Pollution:
KQED: Mercury in San Francisco Bay

Mercury, a potent neurotoxin, has been flowing into the San Francisco Bay since the Gold Rush Era. It has settled in
the bay’s mud and made its way up the food chain, endangering wildlife and making many fish unsafe to eat. Now
a multi-billion-dollar plan aims to clean it up. Learn more at:http://science.kqed.org/quest/video/mercury-in-san-f
rancisco-bay/ .

MEDIA
Click image to the left or use the URL below.

Municipal Water Pollution

“Municipal” refers to the community. Households and businesses in a community are also responsible for polluting
the water supply. For example:
• People apply chemicals to their lawns. The chemicals may be picked up by rainwater. The contaminated
runoff enters storm sewers and ends up in nearby rivers or lakes.
• Underground septic tanks can develop leaks. This lets household sewage seep into groundwater.
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• Municipal sewage treatment plants dump treated wastewater into rivers or lakes. Sometimes the wastewater is
not treated enough and contains bacteria or toxic chemicals.
• Sewage disposal (some sewage is inadequately treated or untreated).
• Storm drains.
• Septic tanks: sewage from homes.
• Boats that dump sewage.
• Yard runoff (fertilizer and herbicide waste).

FIGURE 2.36

•

Ocean Water Pollution

The oceans are vast. You might think they are too big to be harmed by pollution. But that’s not the case. Ocean
water is becoming seriously polluted.
Many ocean pollutants are released into the environment far upstream from coastlines. Nitrogen-rich fertilizers
applied by farmers inland, for example, end up in local streams, rivers, and groundwater and are eventually deposited
in estuaries, bays, and deltas. These excess nutrients can spawn massive blooms of algae that rob the water of oxygen,
leaving areas where little or no marine life can exist. Scientists have counted some 400 such dead zones around the
world.
Solid waste like bags, foam, and other items dumped into the oceans from land or by ships at sea are frequently
consumed, with often fatal effects, by marine mammals, fish, and birds that mistake it for food. Discarded fishing
nets drift for years, ensnaring fish and mammals. In certain regions, ocean currents corral trillions of decomposing
plastic items and other trash into gigantic, swirling garbage patches. One in the North Pacific, known as the Pacific
Trash Vortex, is estimated to be the size of Texas. A new, massive patch was discovered in the Atlantic Ocean in
early 2010.
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Watch video on Great Pacific Ocean Patch.

https://www.youtube.com/watch?v=Co43TXJXryI

Noise Pollution Pollution is not always physical. In large bodies of water, sound waves can carry
undiminished for miles. The increased presence of loud or persistent sounds from ships, sonar
devices, oil rigs, and even from natural sources like earthquakes can disrupt the migration, communication, hunting, and reproduction patterns of many marine animals, particularly aquatic mammals
like whales and dolphins.

Source: http://ocean.nationalgeographic.com/ocean/critical-issues-marine-pollution/

Coastal Pollution

The oceans are most polluted along coasts. Why do you think that’s the case? Of course, it’s because most pollution
enters the oceans from the land. Runoff and rivers carry the majority of pollution into the ocean. Many cities dump
their wastewater directly into coastal waters. In some parts of the world, raw sewage and trash may be thrown into
the water (see Figure below ). Coastal water may become so polluted that people get sick if they swim in it or eat
seafood from it. The polluted water may also kill fish and other ocean life.

FIGURE 2.37

Coastal pollution can make coastal water unsafe for humans and wildlife. After rainfall, there can be enough runoff
pollution that beaches must be closed to prevent the spread of disease from pollutants. A surprising number of
beaches are closed because of possible health hazards each year.
A large proportion of the fish we rely on for food live in the coastal wetlands or lay their eggs there. Coastal
runoff from farm waste often carries water-borne organisms that cause lesions that kill fish. Humans who come in
contact with polluted waters and affected fish can also experience harmful symptoms. More than one-third of the
shellfish-growing waters of the United States are adversely affected by coastal pollution.
A National Geographic video, Why the Ocean Matters, has beautiful footage and a brief introduction to some of the
problems facing the seas:http://video.nationalgeographic.com/video/player/environment/ .
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Oil Spills

Oil spills are another source of ocean pollution. To get at oil buried beneath the seafloor, oil rigs are built in the
oceans. These rigs pump oil from beneath the ocean floor. Huge ocean tankers carry oil around the world. If
something goes wrong with a rig on a tanker, millions of barrels of oil may end up in the water. The oil may
coat and kill ocean animals. Some of the oil will wash ashore. This oil may destroy coastal wetlands and ruin
beaches. Figure below shows an oil spill on a beach. The oil washed ashore after a deadly oil rig explosion in the
Gulf of Mexico in 2010.

FIGURE 2.38

The Gulf of Mexico Oil Spill

New drilling techniques have allowed oil companies to drill in deeper waters than ever before. This allows us to
access oil deposits that were never before possible but with great technological difficulty. The risks from deepwater
drilling and the consequences when something goes wrong are greater.
Working on oil platforms is dangerous and workers are exposed to harsh ocean conditions and gas explosions. The
danger was never more obvious than on April 20, 2010, when 11 workers were killed and 17 injured in an explosion
on a deepwater oil rig in the Gulf of Mexico ( Figure below ). The drilling rig, operated by BP, was 77 km (48
miles) offshore and the depth to the well was more than 5,000 feet.
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FIGURE 2.39

Two days after the explosion, the drill rig sank. The 5,000-foot pipe that connected the wellhead to the drilling
platform bent. Oil was free to gush into the Gulf of Mexico from nearly a mile deep ( Figure below ). Initial efforts
to cap or contain the spill at or near its source all failed to stop the vast oil spill. It was not until July 15, nearly three
months after the accident, that the well was successfully capped.
Estimating the flow of oil into the Gulf from the well was extremely difficult because the leak was so far below the
surface. The U.S. government estimates that about 4.9 million barrels entered the Gulf at a rate of 35,000 to 60,000
barrels a day. The largest previous oil spill in the United States was of 300,000 barrels by the Exxon Valdez in 1989
in Prince William Sound, Alaska.

FIGURE 2.40

Once the oil is in the water, there are three types of methods for dealing with it:
1. Removal: Oil is corralled and then burned; natural gas is flared off ( Figure below ). Machines that can separate
oil from the water are placed aboard ships stationed in the area. These ships cleaned tens of thousands of barrels of
contaminated seawater each day.
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FIGURE 2.41

2. Containment: Floating containment booms are placed on the surface offshore of the most sensitive coastal areas
in an attempt to attempt to trap the oil. But the seas must be calm for the booms to be effective, and so were not
very useful in the Gulf ( Figure below ). Sand berms have been constructed off of the Louisiana coast to keep the
oil from reaching shore.

FIGURE 2.42

3. Dispersal: Oil disperses naturally over time because it mixes with the water. However, such large amounts of
oil will take decades to disperse. To speed the process up, BP has sprayed unprecedented amounts of chemical
dispersants on the spill. That action did not receive support from the scientific community since no one knows the
risks to people and the environment from such a large amount of these harmful chemicals. Some workers may have
become ill from exposure to the chemicals.
BP drilled two relief wells into the original well. When the relief wells entered the original borehole, specialized
liquids were pumped into the original well to stop the flow. Operation of the relief wells began in August 2010. The
original well was declared effectively dead on September 19, 2010.
The economic and environmental impact of this spill will be felt for many years. Many people rely on the Gulf for
their livelihoods or for recreation. Commercial fishing, tourism, and oil-related jobs are the economic engines of the
region. Fearing contamination, NOAA imposed a fishing ban on approximately one-third of the Gulf ( Figure belo
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w ). Tourism is down in the region as beach goers find other ways to spend their time. Real estate prices along the
Gulf have declined precipitously.

FIGURE 2.43

The toll on wildlife is felt throughout the Gulf. Plankton, which form the base of the food chain, are killed by the oil,
leaving other organisms without food. Islands and marshlands around the Gulf have many species that are already
at risk, including four endangered species of sea turtles ( Figure below ). With such low numbers, rebuilding their
populations after the spill will be difficult.

FIGURE 2.44

The Gulf of Mexico is one of only two places in the world where bluefin tuna spawn and they are also already
endangered. Marine mammals in the Gulf may come up into the slick as they come to the surface to breathe (
Figure below ).
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FIGURE 2.45

Eight national parks and seashores are found along the Gulf shores. Other locations may be ecologically sensitive
habitats such as mangroves or marshlands ( Figurebelow ).

FIGURE 2.46

This story is a long way from being over.

Thermal Pollution

Thermal pollution is pollution that raises the temperature of water. This is caused by power plants and factories that
use the water to cool their machines. The plants pump cold water from a lake or coastal area through giant cooling
towers, like those in Figure below . As it flows through the towers, the cold water absorbs heat. This warmed water
is returned to the lake or sea. Thermal pollution can kill fish and other water life. It’s not just the warm temperature
that kills them. Warm water can’t hold as much oxygen as cool water. If the water gets too warm, there may not be
enough oxygen for living things.
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FIGURE 2.47

Thermal pollution is any rise or fall in water temperatures that is not weather related. Power plants cool heated
equipment with local streams, lakes, or ocean water and then return that heated water back into the environment.
Cold water pollution is observed when very cold water is released from reservoirs. Aquatic organisms are often
sensitive to even small temperature changes. The Macquarie perch is now extinct in most of its upland river habitats
partially because of thermal pollution by dams.

Lesson Summary

• People use water for agriculture, industry, and municipal uses. Irrigation for agriculture uses the most water.
• Too little water is a major problem. Places with the least water get little rainfall. They also lack money to
develop other water resources. Droughts make the problem even worse.
• Poor water quality is also a problem. Many people must drink water that contains wastes. This causes a lot of
illness and death.
• Point source pollution enters water at just one place. For example, it might enter a stream through a pipe.
Non-point source pollution enters water everywhere. It is carried by runoff.
• Major sources of pollution are agriculture, industry, and communities. Pollution from agriculture includes
chemicals and animal waste. Industry produces toxic chemicals. Communities produce sewage.
• Ocean water is most polluted along coasts. That’s because pollution usually enters the water from land. Oil
spills also pollute ocean water.
• Thermal pollution raises the temperature of water. It is commonly caused by power plants and factories. The
change in temperature can kill fish and other water organisms.

Vocabulary

•
•
•
•
•

distribution of water- how water is spread out through out the planet.
drought- water falling below a designated level in the ground water.
irrigation- a system by which water is brought or retrieved from another area to an arid region.
point source pollution - pollution which is clearly identified as well as the individuals responsible.
non-point source pollution- pollution that has no clear source or point of entry, nor the individuals responsible.
Usually this pollution is a product of society.
• thermal pollution -pollution that raises the temperature of water.
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Exploring More

1. Briefly describe a typical day in your life. Identify each time you use water. Don’t forget that producing power,
food, and other goods uses water.
2. The nuclear power plant in the Figure below is located near the ocean. The plant uses ocean water for cooling.
Describe two types of water pollution this plant might produce.

FIGURE 2.48

8. Compare and contrast point and nonpoint source pollution. Give an example of each.
7. More than 70 percent of Earth’s surface is covered by water. Why is scarcity of water the world’s most serious
resource problem?
8. Relate droughts to water shortages. Explain why droughts are becoming more common.
9. People can’t live without water. They need it for life itself. More than almost any other resource, water must be
protected.
• How can water pollution be prevented?
• How can we use less water?
10. In this lesson, you learned that many people don’t have clean water to drink. They must drink polluted water
instead.
• How does water become polluted?
• Can polluted water be treated so it is safe to drink?
Review Questions

1. List the three major ways that humans use water.
2. What is the single biggest use of water in agriculture?
3. Give an example of an industrial use of water.
4. Why does golf use a lot of water?
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5. What problems may result from serious water shortages?
6. Describe two major ways that agriculture can pollute water.
7. List harmful substances that industry may add to water.
8. What are some municipal sources of water pollution?
9. State why ocean water is most polluted near coasts.
10. How can oil end up in ocean water?
11. What is thermal pollution? Why is it harmful for fish and other water life?
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3.1 Troposphere
• Describe the characteristics and importance of the troposphere.
• Explain temperature inversion.

What if we took a field trip to the troposphere?
A field trip to the troposphere could start below sea level in Badwater Basin in Death Valley. It could end at the top
of Mt. Everest at 29,029 feet (8,848m). In other words, every human activity that’s in air is in the troposphere. You
might say that your life is a field trip to the troposphere!

Troposphere

The troposphere is the lowest layer of the atmosphere. All of the air you breathe is in the troposphere. All of Earth’s
weather—wind, rain, snow, heat—is in the troposphere. The troposphere is the lowest and most important layer of
the atmosphere!

Properties of the Troposphere

The troposphere is the shortest layer of the atmosphere. It rises to only about 12 kilometers (7 miles) above the
surface. Even so, this layer holds 75% of all the gas molecules in the atmosphere. That’s because the air is densest
in this layer.
In the troposphere, temperature decreases with altitude. The troposphere gets some of its heat directly from the Sun.
Most, however, comes from Earth’s surface. The surface is heated by the Sun. Some of that heat radiates back into
the air. This makes the temperature higher near the surface than at higher altitudes.

Mixing of Air

Air in the troposphere is warmer closer to Earth’s surface. Warm air is less dense than cool air, so it rises higher in
the troposphere. This starts a convection cell. Convection mixes the air in the troposphere. Rising air is also a main
cause of weather. All of Earth’s weather takes place in the troposphere.
91

3.1. Troposphere

www.ck12.org

Temperature Inversion

Sometimes air doesn’t mix in the troposphere. This happens when air is cooler close to the ground than it is above.
The cool air is dense, so it stays near the ground. This is called a temperature inversion ( Figure 3.1). An inversion
can trap air pollution near the surface. Temperature inversions are more common in the winter. Can you explain
why?

FIGURE 3.1
Temperature Inversion and Air Pollution.
How does a temperature inversion affect
air quality?

Tropopause

At the top of the troposphere is a thin layer of air called the tropopause. This layer acts as a barrier. It prevents cool
air in the troposphere from mixing with warm air in the stratosphere.

Vocabulary

• inversion: Situation in which warm air lies above cold air and traps it.
• troposphere: Lowermost layer of the atmosphere; temperature decreases with altitude.

Summary

• In the troposphere, warm air ordinarily sits below cooler air.
• With a temperature inversion, cold air sits below warm air. This traps the cold air because it cannot rise into
the warm air.
• An inversion starts over land at night or in the winter, or near the coast.
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Explore More

Use the resource below to answer the questions that follow.
• 100 Greatest Discoveries: Atmospheric Layers at http://science.discovery.com/tv-shows/greatest-discoveri
es/videos/100-greatest-discoveries-atmospheric-layers.htm (1:18)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/4979

1.
2.
3.
4.
5.
6.

Who was Leon Teisserenc de Bort?
What instruments did de Bort use? How did he deploy them?
What did de Bort discover?
What does troposphere mean?
What occurs in the troposphere?
What was the legacy of de Bort’s studies?

Review

1. Why is the troposphere the most important layer of the atmosphere?
2. What is the source of heat in the troposphere?
3. Describe the temperature gradient found in the troposphere.
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3.2 Stratosphere
• Describe the stratosphere and the ozone layer within it.
• Explain the ozone layer’s importance to life on Earth.

Can we take a field trip to the stratosphere?
Sure we can! If you’ve ever flown on a jet airplane, you’ve been in the stratosphere. Airplanes fly in the stratosphere,
because there is less friction. They get better gas mileage and so costs are lower. There is also less turbulence, so
passengers are happier. Can you identify the bottom of the stratosphere in the photo? It’s where the clouds begin.
Remember that all weather is in the troposphere.
Stratosphere

The stratosphere is the layer above the troposphere. The layer rises to about 50 kilometers (31 miles) above the
surface.
Temperature in the Stratosphere

Air temperature in the stratosphere increases with altitude. Why? The stratosphere gets most of its heat from the
Sun. Therefore, it’s warmer closer to the Sun. The air at the bottom of the stratosphere is cold. The cold air is dense,
so it doesn’t rise. As a result, there is little mixing of air in this layer.
The Ozone Layer

The previous section said that the troposphere is the most important layer of the atmosphere. But it’s not the only
important layer. The stratosphere contains a layer of ozone gas. Ozone consists of three oxygen atoms (O3 ). The
ozone layer is in the stratosphere. Ozone in the layer absorbs high-energy ultraviolet (UV) radiation. UV radiation
splits the ozone molecule ( Figure 3.2). The split creates an oxygen molecule (O2 ) and an oxygen atom (O). This
split releases heat that warms the stratosphere. By absorbing UV radiation, ozone also protects Earth’s surface. UV
radiation would harm living things without the ozone layer.
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FIGURE 3.2
How does the ozone layer protect Earth’s
surface from UV light?

Stratopause

At the top of the stratosphere is a thin layer called the stratopause. It acts as a boundary between the stratosphere
and the mesosphere.

Vocabulary

• ozone: Three oxygen atoms bound together into a molecule.
• ozone layer: Layer of the stratosphere where ozone gas is more highly concentrated.
• stratosphere: Above the troposphere; temperature increases with altitude because of the presence of ozone.

Summary

• There is little mixing between the troposphere and the stratosphere.
• Ozone gas protects life on Earth from harmful UV light.
• The ozone layer is in the stratosphere. It has a higher concentration of ozone than the rest of the atmosphere.
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Explore More

Use the resource below to answer the questions that follow.
• The Stratosphere and You: A Look at Ozone at http://www.youtube.com/watch?v=LNEm_2vOMqo (2:09)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/1583

1.
2.
3.
4.

Where is the stratosphere located?
How is ozone, the O3 molecule, created?
By what process does this ozone molecule become stable?
Why is ozone important?

Review

1. Why doesn’t air mix much in the stratosphere?
2. What is the ozone layer? Why is it important?
3. Why does air temperature increase with height in the stratosphere?
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3.3 Mesosphere
• Describe the mesosphere.
• Describe the phenomena that appear in the mesosphere.

Next up: A field trip to the mesosophere!
Not so fast. The mesosphere is the least known layer of the atmosphere. The mesosphere lies above the highest
altitude an airplane can go. It lies below the lowest altitude a spacecraft can orbit. Maybe that’s just as well. If
you were in the mesosphere without a space suit, your blood would boil! This is because the pressure is so low that
liquids would boil at normal body temperature.

Mesosphere

The mesosphere is the layer above the stratosphere. It rises to about 85 kilometers (53 miles) above the surface.
Temperature decreases with altitude in this layer.

Temperature in the Mesosphere

There are very few gas molecules in the mesosphere. This means that there is little matter to absorb the Sun’s rays
and heat the air. Most of the heat that enters the mesosphere comes from the stratosphere below. That’s why the
mesosphere is warmest at the bottom.
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Meteors in the Mesosphere

Did you ever see a meteor shower ( Figure 3.3)? Meteors burn as they fall through the mesosphere. The space rocks
experience friction with the gas molecules. The friction makes the meteors get very hot. Many meteors burn up
completely in the mesosphere.

FIGURE 3.3
The Perseid meteor shower with the Milky
Way.

Red Sprites and Blue Jets

Red sprites and blue jets are electrical discharges ( Figure 3.4). They are not the same thing as lightning. They more
closely resemble the discharges seen in fluorescent tubes. These events occur much higher up in the atmosphere than
lightning.

FIGURE 3.4
Red sprites occur higher in the atmosphere than blue jets, while both occur
higher than lightning.
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Polar Mesospheric Clouds

Clouds in the mesosphere are very rare. The ones that exist occur near the poles. The clouds are called polar
mesospheric clouds. At the edge of these clouds are noctilucent clouds ( Figure 3.5). They are forming more often
now, perhaps as a result of climate change.

FIGURE 3.5
Noctilucent clouds are the highest clouds
in the atmosphere.

Mesopause

At the top of the mesosphere is the mesopause. Temperatures here are colder than anywhere else in the atmosphere.
They are as low as -100◦ C (-212◦ F)! Nowhere on Earth’s surface is it that cold.
Vocabulary

• mesosphere: Layer between the stratosphere and thermosphere; temperature decreases with altitude.
• noctilucent cloud: Seen only rarely, these clouds are the highest in the atmosphere.
Summary

•
•
•
•

The mesosphere has a very low density of gas molecules.
Temperature decreases in the mesosphere with altitude. This is because the heat source is the stratosphere.
The mesosphere has red sprites, blue jets, and two types of clouds.
The mesosphere is no place for human life!

Explore More

Use the resource below to answer the questions that follow.
• Mesosphere and Thermosphere at http://www.youtube.com/watch?v=mUZ4faPCiDY (1:57)
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/1578

1.
2.
3.
4.

Where is the mesophere found?
What does it protect us from? What is a shooting star?
What are noctilucent clouds?
When can noctilucent clouds be seen? Why?

Review

1. How does temperature change with altitude in the mesosphere? Why?
2. What types of clouds are found in the mesosphere?
3. How can meteors burn in the mesosphere when the air density is so low?
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3.4 Thermosphere and Beyond
• Describe the characteristics of the thermosphere.
• Explain how aurora form.

Can you take a field trip to the thermosphere? Maybe some day!
The inhabitants of the International Space Station and other space stations live in the thermosphere. They are not
directly in the thermosphere, of course. They must be inside the station or inside a space suit at all times. Maybe
some day you will join them!
Thermosphere

The thermosphere is the layer above the mesosphere. It rises to 600 kilometers (372 miles) above the surface. The
International Space Station and other space stations orbit Earth in this layer.
Temperature in the Thermosphere

Temperature increases with altitude in the thermosphere. Surprisingly, it may be higher than 1000◦ C (1800◦ F) near
the top of this layer! The Sun’s energy there is very strong. The molecules absorb the Sun’s energy and are heated
up. But there are so few gas molecules that the air still feels very cold. Molecules in the thermosphere gain or lose
electrons. They then become charged particles called ions.
Magnetosphere

Earth’s magnetosphere is controlled by the magnetic field. The magnetosphere protects the planet from the solar
wind. The solar wind is ions that fly from the Sun to Earth very fast. The magnetosphere protects Earth’s ozone
layer. So life on Earth needs the protection of the magnetosphere.
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Northern and Southern Lights

Have you ever seen a brilliant light show in the night sky? Sometimes the ions in the thermosphere glow at night.
Storms on the Sun energize the ions and make them light up. In the Northern Hemisphere, the lights are called the
northern lights, or aurora borealis. In the Southern Hemisphere, they are called southern lights, or aurora australis.
They are referred to together as the aurora ( Figure 3.6 and Figure 3.7).

FIGURE 3.6
The aurora as seen from the Northern
Hemisphere, known as the Aurora Borealis.

FIGURE 3.7
The aurora borealis as seen from the
International Space Station.

You can learn about the aurora on this video: http://science.kqed.org/quest/video/illuminating-the-northern-lights/ .
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/116508

Exosphere

The exosphere is the layer above the thermosphere. This is the top of the atmosphere. The exosphere has no real
upper limit; it just gradually merges with outer space. Gas molecules are very far apart in this layer, but they are
really hot. Earth’s gravity is so weak in the exosphere that gas molecules sometimes just float off into space.
Vocabulary

• aurora: Spectacular light display that occurs near the poles; the aurora is in the thermosphere.
• exosphere: Outermost layer of the atmosphere; the gas molecules are extremely far apart.
• magnetosphere: Charged particles beyond the atmosphere; these particles are held in place by Earth’s
magnetic field.
• solar wind: High-speed protons and electrons that fly through the solar system from the Sun.
• thermosphere: Outer atmosphere where gases are extremely rare.
Summary

• The solar wind is made of high speed particles from the Sun. The magnetosphere protects Earth from the solar
wind.
• Particles from the Sun energize ions in the thermosphere. This creates the northern and southern lights.
• Gas molecules are exceedingly rare in the exosphere.
Explore More

Use the resource below to answer the questions that follow.
• The Aurora Borealis http://www.youtube.com/watch?v=lT3J6a9p_o8 (4:49)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/1595

1.
2.
3.
4.
5.

What is the ultimate cause of the aurora borealis?
What occurs in the Sun to release energy?
What is plasma? What does it do?
What is a solar storm?
How long does it take a solar storm to reach Earth?
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6. What protects us from solar storms?
7. Why do the aurora typically take place only in the polar regions?
Review

1. What are the properties of the thermosphere?
2. Why are gas molecules so rare in the exosphere?
3. What causes the aurora? Where in the atmosphere does it take place?
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3.5 The Composition of the Atmosphere
• Describe the composition of the atmosphere.

Just what is air?
Air is easy to forget about. We usually can’t see it, taste it, or smell it. We can only feel it when it moves. But air is
actually made of molecules of many different gases. It also contains tiny particles of solid matter.

Gases in Air

The air that we breathe is 78% nitrogen and 21%oxygen. Argon and Carbon Dioxide make up most of the remaining
one percent. (See Figure 1.1) These percentages are the same just about everywhere in the atmosphere.
Air also includes water vapor. The amount of water vapor varies from place to place. That’s why water vapor isn’t
included in the figure above. It can make up as much as 4% of the air.

Water Vapor

Humidity is the amount of water vapor in the air. Humidity varies from place to place. It also varies in the same
place from season to season. On a summer day in Atlanta, Georgia, humidity is high. The air feels very heavy and
sticky. On a winter day in Flagstaff, Arizona, humidity is low. The air sucks moisture out of your nose and lips.
Humidity can change rapidly if a storm comes in. Humidity can vary over a short distance, like near a lake. Even
when humidity is at its highest, water vapor makes up only about 4% of the atmosphere.
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FIGURE 3.8
This graph identifies the most common
gases in air.

Greenhouse Gases

Greenhouse gases trap heat in the atmosphere. This is essential so that Earth has a more moderate temperature.
Without greenhouse gases, nighttime temperatures would be frigid. Natural greenhouse gases include carbon
dioxide, methane, water vapor, and ozone. CFCs and some other man-made compounds are also greenhouse gases.
Human activities may increase the amount of greenhouse gases, like carbon dioxide, in the atmosphere.

Particles in the Air

Air includes many tiny particles. The particulates may consist of dust, soil, salt, smoke, or ash. Some particulates
pollute the air and may make it unhealthy to breathe. But having particles in the air is very important. Tiny particles
are needed for water vapor to condense on. Without particles, water vapor could not condense. Then clouds could
not form, and Earth would have no rain.

Summary

• The major atmospheric gases are nitrogen and oxygen. The atmosphere also contains minor amounts of other
gases, including carbon dioxide.
• Greenhouse gases trap heat in the atmosphere. These gases include carbon dioxide, methane, water vapor, and
ozone.
• Not everything in the atmosphere is gas. Particulates are particles that are important as the nucleus of raindrops
and snowflakes.

Vocabulary
Humidity: The amount of water vapor in the air. Particulates: Tiny particles consisting of dust soil, salt, smoke or
ash.
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Explore More

Use the resource below to answer the questions that follow.
• Learn About Planet Earth-Earth’s Atmosphere at http://www.youtube.com/watch?v=fyfN9t_E0w8 (5:42)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/58916

1.
2.
3.
4.
5.
6.

What does the atmosphere contain?
How much nitrogen does the atmosphere contain?
How much oxygen does the atmosphere contain?
What does the atmosphere do?
How many layers does the atmosphere have?
List the layers of the atmosphere and two characteristics of each layer.

Review

1. What are the two major atmospheric gases? What are the important minor gases?
2. What are particulates? Why are they important?
3. What is humidity? How much humidity is in the air on a tremendously hot and humid day?
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3.6 Temperature of the Atmosphere
• Define temperature gradient.
• Explain how air temperature creates the layers of the atmosphere.

Did you know that you can see the layers of the atmosphere?
The layers of the atmosphere appear as different colors in this image from the International Space Station. Imagine
looking out the window at a view like that!
Air Temperature

The atmosphere has layers. The layers correspond with how temperature changes with altitude. By understanding
the way temperature changes with altitude, we can learn a lot about how the atmosphere works.
Warm Air Rises

This is really important: Warm air rises. Why does warm air rise ( Figure 3.9)? Gas molecules are able to move
freely. Gas molecules move more at higher temperatures. They can take up as much space as is available.
• When gas molecules are cool, they are sluggish. They take up less space. With the same number of molecules
in less space, both air density and air pressure are higher.
• When gas molecules are warm, they move vigorously. They take up more space. Air density and air pressure
are lower.
Warmer, lighter air is more buoyant than the cooler air above it. So the warm air rises. The cooler air is denser than
the air beneath it. So it sinks down. This is convection: warm air rises, and cool air sinks. Warm fluids can undergo
convection as well. This is described in the chapter Plate Tectonics.
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FIGURE 3.9
Papers held up by rising air currents above a radiator demonstrate the
important principle that warm air rises.

Temperature Gradient

Air temperature changes with altitude. This does not occur in the same way as pressure and density, which decrease
with altitude. Changes in air temperature are not regular. A change in temperature with distance is called a
temperature gradient.

Temperature of the Atmosphere

Air temperature changes as altitude increases. In some layers of the atmosphere, the temperature decreases. In other
layers, it increases ( Figure 3.10). Refer to this figure as you read about the layers in the coming concepts.
Summary

• Warm air rises, cool air sinks. Warm air has lower density.
• Different layers of the atmosphere have different temperature gradients.
• Temperature gradient is the change in temperature with distance.
Explore More

Use the resource below to answer the questions that follow.
Weather 101: Layers of the Atmosphere at http://www.illinoishomepage.net/story/d/story/weather-101-layers-ofthe-atmosphere/14683/c5aVYxH4yEmAosw_j_lgwg
1. What is the temperature structure of the troposphere? What percent of the atmosphere is in the troposphere in
height? In mass?
2. What is the temperature of the top of the stratosphere? Why is the top of the stratosphere warmer than the
bottom?
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FIGURE 3.10
How does air temperature change in the
layer closest to Earth?

3. What is the temperature at the top of the mesosphere? So does the temperature of the mesosphere increase or
decrease with altitude?
4. If the temperature of the thermosphere is 400°F, and the International Space Station orbits in the thermosphere,
how can the astronauts do space walks?
Review

1. What causes convection in the atmosphere?
2. How are the layers of the atmosphere divided?
3. What is temperature gradient? If you know that, then what is pressure gradient?
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3.7 Pressure and Density of the Atmosphere
• Define air density and air pressure.
• Explain how they change with increasing altitude.

Have your ears ever popped?
If your ears have ever "popped," you have experienced a change in air pressure. Ears "pop" because the air pressure
is different on the inside and the outside of your ears.
Properties of Air

We usually can’t sense the air around us unless it is moving. But air has the same basic properties as other matter.
For example, air has mass, volume, and, of course, density.
Density of Air

Density is mass per unit volume. Density is a measure of how closely molecules are packed together. The closer
together they are, the greater the density. Since air is a gas, the molecules can pack tightly or spread out.
111

3.7. Pressure and Density of the Atmosphere

www.ck12.org

The density of air varies from place to place. Air density depends on several factors. One is temperature. Like other
materials, warm air is less dense than cool air. Since warmer molecules have more energy, they are more active. The
molecules bounce off each other and spread apart. Another factor that affects the density of air is altitude.
Altitude and Density

Altitude is height above sea level. The density of air decreases with height. There are two reasons: at higher
altitudes, there is less air pushing down from above, and gravity is weaker farther from Earth’s center. So at higher
altitudes, air molecules can spread out more, and air density decreases ( Figure 3.11).

FIGURE 3.11
This drawing represents a column of air. The column rises from sea level
to the top of the atmosphere. Where does air have the greatest density?

Air Pressure

Because air is a gas, its molecules have a lot of energy. Air molecules move a lot and bump into things. For this
reason, they exert pressure. Air pressure is defined as the weight of the air pressing against a given area.
At sea level, the atmosphere presses down with a force of about 1 kilogram per square centimeter (14.76 pounds per
square inch). If you are standing at sea level, you have more than a ton of air pressing against you. Why doesn’t the
pressure crush you? Air presses in all directions at once. Other molecules of air are pushing back.
Altitude and Air Pressure

Like density, the pressure of the air decreases with altitude. There is less air pressing down from above the higher
up you go. Look at the bottle pictured below ( Figure 3.12). It was drained by a hiker at the top of a mountain. Then
the hiker screwed the cap on the bottle and carried it down to sea level. At the lower altitude, air pressure crushed it.
Can you explain why?
Summary

• Air density and pressure decrease with increasing altitude.
• Ears pop as air pressures inside and outside of the ear equalize.
• Gravity pulls more air molecules toward the center of the planet.
Vocabulary

Altitude: The height above sea level.
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FIGURE 3.12
At high altitude the air pressure is the
same inside and outside the bottle. At
sea level, the pressure is greater outside
than inside the bottle. The greater outside
pressure crushes the bottle.

Air pressure:The weight of the air pressing against a given area.
Density: The measurement of mass per unit volume.
Explore More

Use the resource below to answer the questions that follow.
• Air Pressure vs Altitude at http://www.youtube.com/watch?v=7_yf-iRf8Vc (6:16)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/1574

1.
2.
3.
4.
5.
6.
7.

What is pressure?
What causes air molecules to have pressure?
Where does the atmosphere end? What is out past the atmosphere?
What is air pressure?
What is the elevation and air pressure in Key West, Florida?
What is the elevation on Mt. Everest? Why do climbers often use extra oxygen up there?
Why does air pressure change with altitude?

Review

1. Why does air density decrease with increasing altitude?
2. Why does temperature decrease with increasing altitude in the troposphere?
3. Why are we not crushed by the weight of the atmosphere on our shoulders?
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3.8 Greenhouse Effect
• Describe the greenhouse effect.
• Explain how human actions contribute to the greenhouse effect.

How does the atmosphere resemble a greenhouse?
Farmers use greenhouses to extend the growing season. A greenhouse traps heat. Days that are too cool for a
growing plant can be made to be just right. Similar to a greenhouse, greenhouse gases in the atmosphere keep Earth
warm.

The Greenhouse Effect

When sunlight heats Earth’s surface, some of the heat radiates back into the atmosphere. Some of this heat is
absorbed by gases in the atmosphere. This is the greenhouse effect, and it helps to keep Earth warm. The greenhouse
effect allows Earth to have temperatures that can support life.
Gases that absorb heat in the atmosphere are called greenhouse gases. They include carbon dioxide and water vapor.
Human actions have increased the levels of greenhouse gases in the atmosphere ( Figure 3.13). The added gases
have caused a greater greenhouse effect. How do you think this affects Earth’s temperature?

FIGURE 3.13
Human actions have increased the natural greenhouse effect.
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Like a blanket on a sleeping person, greenhouse gases act as insulation for the planet. The warming of the atmosphere
is because of insulation by greenhouse gases. Greenhouse gases are the component of the atmosphere that moderate
Earth’s temperatures.
Greenhouse Gases

Greenhouse gases include CO2 , H2 O, methane, O3 , nitrous oxides (NO and NO2 ), and chlorofluorocarbons (CFCs).
All are a normal part of the atmosphere except CFCs. The table below shows how each greenhouse gas naturally
enters the atmosphere ( Table 3.1).

TABLE 3.1: How Greenhouse Gases Enter the Atmosphere
Greenhouse Gas
Carbon dioxide
Methane
Nitrous oxide
Ozone
Chlorofluorocarbons

Source
Respiration, volcanic eruptions, decomposition of plant
material; burning of fossil fuels
Decomposition of plant material under some conditions, biochemical reactions in stomachs
Produced by bacteria
Atmospheric processes
Not naturally occurring; made by humans

Different greenhouse gases have different abilities to trap heat. For example, one methane molecule traps 23 times
as much heat as one CO2 molecule. One CFC-12 molecule (a type of CFC) traps 10,600 times as much heat as one
CO2 . Still, CO2 is a very important greenhouse gas, because it is much more abundant in the atmosphere.
Vocabulary

• greenhouse effect: Trapping of heat by greenhouse gases in the atmosphere; moderates temperatures.
• greenhouse gas: Gases that trap heat in the atmosphere; they include carbon dioxide, methane, and CFCs.
• insulation: Material that inhibits conduction of heat or electricity.
Summary

• Greenhouse gases include CO2 , H2 O, methane, O3 , nitrous oxides (NO and NO2 ), and chlorofluorocarbons
(CFCs).
• Greenhouse gases trap heat in the troposphere. Some greenhouse gases can trap more heat than others.
• Levels of greenhouse gases in the atmosphere are increasing due to human activities.
Explore More

Use the resource below to answer the questions that follow.
• What is Greenhouse Effect? at http://www.hippocampus.org/Earth Science → Environmental Science →
Search: Greenhouse Effects (first resource, starts with "About 50% of solar radiation...")
1.
2.
3.
4.

How much solar radiation is absorbed by the surface of the Earth?
What reflects the radiation?
What type of energy waves are re-emitted into atmosphere?
What is the net effect of this heating?
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5. What are the primary greenhouse gases?
Review

1. What is insulation? What effect does insulation have on global temperature?
2. What is the greenhouse effect?
3. How does Earth’s atmosphere resemble a greenhouse?
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4.1 Introduction to Weather
• Learn what factors make up weather.
• Understand what causes weather.

What’s the weather like?
The United States is a big country. With two coasts and a large land mass in between, there’s a chance for every kind
of weather. In the next few sections we’ll visit places that have the type of weather we’re interested in studying.
What is Weather?

All weather takes place in the atmosphere. Nearly all of it in the lower atmosphere. Weather refers to the conditions
of the atmosphere at a given time and place. Climate is the average of weather over a long time.
Imagine your grandmother who lives in a distant place calls you up. She asks what your weather is like today. What
would you say? Is it warm or cold? Sunny or cloudy? Calm or windy? Clear or rainy? What features of weather are
important to mention?
A location’s weather depends on:
•
•
•
•
•

air temperature.
air pressure.
fog.
humidity.
cloud cover.
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• precipitation.
• wind speed and direction.
All of these characteristics are directly related to the amount of energy that is in the system, and where that energy
is. The ultimate source of this energy is the Sun.
Weather is what we experience from day to day, or minute to minute. Weather can change rapidly.

What Causes Weather?

Weather occurs because of unequal heating of the atmosphere. The source of heat is the Sun. The general principles
behind weather can be stated simply:
• The Sun heats Earth’s surface more in some places than in others.
• Where it is warm, heat from the Sun warms the air close to the surface. If there is water at the surface, it may
cause some of the water to evaporate.
• Warm air is less dense, so it rises. When this happens, more dense air flows in to take its place. The flowing
surface air is wind.
• The rising air cools as it goes higher in the atmosphere. If it is moist, the water vapor may condense. Clouds
may form, and precipitation may fall.

Vocabulary

• climate: Long-term average of weather for a region. Climate changes relatively slowly.
• weather: Temporary state of the atmosphere in a region.

Summary

• A region’s weather depends on its air temperature, air pressure, humidity, precipitation, wind speed and
direction, and other factors.
• Climate is the long-term average of weather.
• Weather can change in minutes, but climate changes very slowly.

Explore More

Use the resource below to answer the questions that follow.
• Climate and Weather at http://video.nationalgeographic.com/video/science/earth-sci/climate-weather-sci/
1.
2.
3.
4.
5.
6.
7.
8.
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What is climate?
How many climate zones are there? List examples.
What did climate determine in the past?
Why doesn’t climate have as much influence today?
What is weather?
What problems can severe weather cause?
Why is an accurate weather forecast important?
What tools do meteorologists use?
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Review

1. Compare and contrast weather and climate.
2. What factors account for a location’s weather?
3. Describe how unequal heating causes weather.
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4.2 Weather Maps
• Describe the information depicted on weather maps.
• Analyze weather maps.

What can a weather map tell you about the weather?
A lot! A weather map indicates all sorts of things to let you know the forecast. It also may have some cute graphics
associated with it.

Weather Maps

You may have seen weather maps like the one pictured below ( Figure 4.1). A weather map shows weather
conditions for a certain area. The map may show the actual weather on a given day. It may show the predicted
weather for some time in the future. Some weather maps show many weather conditions. Others show a single
condition.

Air Pressure Maps

The weather map pictured below ( Figure 4.1) shows air pressure. The lines on the map connect places that have the
same air pressure. Air pressure is measured in a unit called the millibar. Isobars are the lines that connect the points
with the same air pressure. The map also shows low- and high-pressure centers and fronts. Find the cold front on
the map. This cold front is likely to move toward the northeast over the next couple of days. How could you use this
information to predict what the weather will be on the East Coast?
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FIGURE 4.1
This weather map shows air pressure
contours. Which state has the lowest air
pressure shown on the map?

Other Weather Maps

Instead of air pressure, weather maps may show other weather conditions. For example, a temperature map might
show the high and low temperatures of major cities. The map may have isotherms, lines that connect places with
the same temperature.

Vocabulary

• isobar: Lines of equal pressure.
• isotherms: Lines that connect places with the same temperature.
• weather map: Map showing weather conditions over a wide area at a given time.

Summary

• Weather maps graphically depict weather conditions.
• Isobars are lines of constant pressure.
• Isobars indicate pressure cells.

Explore More

Use the resources below to answer the questions that follow.
• How To Read A Surface Analysis Of A Weather Map at http://www.youtube.com/watch?v=ivSXkmL8ZbI
(1:13)
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/117591

1. What do weather maps on television usually tell you?
2. Where should you begin when analyzing weather maps?
• How To Read Weather Plots Of A Weather Map at http://www.youtube.com/watch?v=h-JWgOKfjaA
(2:17)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/117592

3. What website is an excellent source of weather information?
4. What is a weather station plot?
5. List the various items recorded on a weather station model plot.
Review

1. What are the gray lines on the weather map pictured above?
2. How are high- and low-pressure centers indicated on a weather map?
3. What do the blue and red hatched lines indicate on the map?
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4.3 Precipitation
• Describe different types of precipitation and the conditions that create them.

Want to stay dry? Don’t go to these places!
The wettest locations in the world are in Mawsynram and Cherrapunji in India. Monsoon rains result in more than
460" of rain annually. The wettest place in the United States with 404" on average is on Maui (Big Bog). The wettest
place in the continental United States is Langlois, Oregon with a mere 122" per year.
Precipitation

Clouds are needed for precipitation. Precipitation is water that falls from the sky. This may fall as liquid water,
mostly as rain. It may fall also as frozen water, such as snow.
Why Precipitation Falls

Millions of water molecules in a cloud must condense to make a single raindrop or snowflake. The drop or flake
falls when it becomes too heavy for updrafts to keep it aloft. As a drop or flake falls, it may collect more water and
get larger.
Types of Precipitation

Why does it snow instead of rain? Air temperature determines which type of precipitation falls. Rain falls if the
air temperature is above freezing (0◦ C or 32◦ F). Frozen precipitation falls if the air or ground is below freezing.
Frozen precipitation may fall as snow, sleet, or freezing rain. Below, you can see how the different types form (
Figure 4.2).
Vocabulary

•
•
•
•
•

freezing rain: Rain that falls as liquid but freezes on the surface it falls on.
precipitation: Water that falls from the sky as rain, snow, sleet, or hail.
rain: Liquid water that falls from the atmosphere.
sleet: Raindrops that freeze to ice before striking the ground.
snow: Frozen precipitation in patterns.
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FIGURE 4.2
Frozen precipitation may fall as snow, sleet, or freezing rain.

Summary

• Precipitation falls when it gets too heavy to stay in a cloud.
• Rain droplets caught up in air currents within a cloud get larger by the addition of condensed droplets until
they are too heavy and they fall.
• If the ground is very cold, rain can freeze to become sleet or glaze.
Explore More

Use the resource below to answer the questions that follow.
• Types of Precipitation at http://www.youtube.com/watch?v=kFFHo4T-g4E (1:26)
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/1571

1.
2.
3.
4.
5.

What is precipitation?
What is the most common form of precipitation?
What is hail?
What is sleet?
What is snow?

Review

1. Why do raindrops fall form and fall to the ground?
2. Why does hail only come from cumulonimbus clouds?
3. How does sleet form?

127

4.4. Tornadoes

www.ck12.org

4.4 Tornadoes
• Explain how and where tornadoes form.
• Describe how the severity of tornadoes is measured and the damage they can cause.

Where do you go to see a tornado? Tornado Alley!
Tornadoes are deadly serious. The deadliest in recent years killed 158 people in Joplin, Missouri in 2011. More than
550 people died in the United States from tornadoes that year. The deadliest tornado on record killed 629 people in
1926. This "tri-state" tornado raced across Missouri, Illinois, and Indiana.
Tornadoes

Severe thunderstorms have a lot of energy and strong winds. This allows them to produce tornadoes. A tornado
( Figure 4.3) is a funnel-shaped cloud of whirling high winds. The funnel moves along the ground, destroying
everything in its path. As it moves, it loses energy. Before this happens, it may have gone up to 25 kilometers (16
miles). Fortunately, tornadoes are narrow. They may be only 150 meters (500 feet) wide. Tornadoes are also called
twisters.
Classifying Tornadoes

The winds of a tornado can reach very high speeds. The faster the winds blow, the greater the damage they cause.
Wind speed and damage are used to classify tornadoes ( Table 4.1).
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FIGURE 4.3
Tornadoes are small but mighty storms.

TABLE 4.1: Fujita Scale (F Scale) of Tornado Intensity
F-Scale Rating
F0

Wind Speed (kilometers
per hour)
64-116

Wind Speed (miles per
hour)
40-72

F1

117-180

73-112

F2

181-253

113-157

F3

254-332

158-206

F4

333-419

207-260

F5

420-512

261-318

F6

>512

>318

Damage
Light - tree branches fall
and chimneys may collapse
Moderate - mobile homes,
autos pushed aside
Considerable - roofs torn
off houses, large trees uprooted
Severe - houses torn apart,
trees uprooted, cars lifted
Devastating - houses leveled, cars thrown
Incredible - structures fly,
cars become missiles
Maximum tornado wind
speed

Tornado Alley

Look at the map below ( Figure 4.4). It shows where the greatest number of tornadoes occur in the U.S. Tornadoes
can happen almost anywhere in the U.S., but only this area is called “Tornado Alley.” Why do so many tornadoes
occur here? This is where warm air masses from the south run into cold air masses from the north.

FIGURE 4.4
Tornadoes are most common in the central part of the U.S.
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FIGURE 4.5
Tornado damage that occurred in the City
of Murfreesboro, TN when it was struck by
an F-4 tornado.

April 2011

Late April 2011 saw the deadliest set of tornadoes in more than 25 years. There were more than 150 tornadoes
reported throughout the day! Severe thunderstorms came about when two very different air masses met. A warm
moist air mass blew north from the Atlantic Ocean and Gulf of Mexico (mT). It rammed into a cold polar air mass
(cP) that the was sitting over the region. In addition, the jet stream was blowing strongly in from the west ( Figure
4.6).

FIGURE 4.6
April 27-28, 2011. The cold air mass is
shown by the mostly continuous clouds.
The warm air mass is indicated by small
low clouds. Thunderstorms are indicated
by bright white patches.

Everyone in the region was told that tornadoes were possible. But it’s impossible to know exactly where and when
a tornado will touch down. The path it will take is unknown, because tornado movement is not very predictable.
Tornado catchers capture footage inside a tornado on this National Geographic video: http://ngm.nationalgeographi
c.com/ngm/0506/feature6/multimedia.html .
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Vocabulary

• tornado: Violently rotating funnel cloud that grows downward from a cumulonimbus cloud.
Summary

• A tornado is a whirling funnel of air extending down from a cumulonimbus cloud.
• The Fujita scale measures tornado intensity based on wind speed and damage.
• Tornadoes can only be predicted over a wide region.
Explore More

Use the resource below to answer the questions that follow.
• How Tornadoes Form at http://www.youtube.com/watch?v=MjjwPQRVbWk (1:15)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/10253

1.
2.
3.
4.
5.
6.

What are tornadoes?
What is the normal life span of a tornado?
What is required for a tornado to form?
What is a wind shear?
What causes a tornado to touch the ground?
When do tornadoes usually occur?

Review

1. What causes the tornadoes of Tornado Alley?
2. Draw a diagram showing why tornadoes strike the middle of the U.S.
3. What circumstances led to all the tornadoes in April 2011?
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4.5 Clouds
• Explain how clouds form.
• Describe the influence of clouds on weather.
• Describe different types of clouds

Where should you go if you don’t want to see the Sun?
The Pacific Northwest has the most days of heavy cloud cover. 62% of days have more than three-quarters of the
sky covered in clouds in Seattle. Conditions are nearly the same in Portland, Oregon. If you want to see the most
sunshine, the least cloudy cities are in Arizona.
Clouds

Clouds form when air in the atmosphere reaches the dew point. Clouds may form anywhere in the troposphere.
Clouds that form on the ground are called fog.
How Clouds Form

Clouds form when water vapor condenses around particles in the air. The particles are specks of matter, such as dust
or smoke. Billions of these tiny water droplets come together to make up a cloud. If the air is very cold, ice crystals
form instead of liquid water.
Classification of Clouds

Clouds are classified on the basis of where and how they form. Three main types of clouds are cirrus, stratus, and
cumulus; there are other types of clouds, as well ( Figure 4.7).
• Cirrus clouds form high in the troposphere. Because it is so cold they are made of ice crystals. They are
thin and wispy. Cirrus clouds don’t usually produce precipitation, but they may be a sign that wet weather is
coming.
• Stratus clouds occur low in the troposphere. They form in layers that spread horizontally and may cover the
entire sky like a thick blanket. Stratus clouds that produce precipitation are called nimbostratus. The prefix
nimbo- means “rain.”
• Cumulus clouds are white and puffy. Convection currents make them grow upward, and they may grow very
tall. When they produce rain, they are called cumulonimbus.
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FIGURE 4.7
Find the cirrus, cirrostratus, and cirrocumulus clouds in the figure. What do they
have in common? They all form high in
the troposphere. Clouds that form in the
mid troposphere have the prefix “alto-”, as
in altocumulus. Where do stratocumulus
clouds form?

Clouds and Temperature

Clouds can affect the temperature on Earth’s surface. During the day, thick clouds block some of the Sun’s rays.
This keeps the surface from heating up as much as it would on a clear day. At night, thick clouds prevent heat from
radiating out into space. This keeps the surface warmer than it would be on a clear night.
Vocabulary

•
•
•
•
•

cirrus cloud: Cold, high clouds made of ice crystals.
cloud: Tiny water or ice particles that are grouped together in the atmosphere.
cumulus cloud: Tall, puffy, white clouds, some types of which may rain.
fog: Air condensed below its dew point that is near the ground like a cloud.
stratus cloud: Low thick layers of clouds.

Summary

• Water vapor condenses on particles in the air to form clouds.
• Clouds block sunlight in the day. Clouds trap heat in the atmosphere at night.
• Cloud types include cirrus, stratus, and cumulus.
Review

1. What happens to turn water vapor into a cloud?
2. What effects to clouds have on temperature?
3. Compare and contrast cirrus, stratus, and cumulus clouds.
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4.6 Thunderstorms
• Explain how thunderstorms form, grow, and produce lightning and thunder.

How do you get struck by lightning?
An average of 55 people die from lightning strikes each year in the United States. Here’s your best chance for being
struck by lightning, according to NASA. Go golfing on a July Sunday at around 4 pm, especially in Florida. The
golf club up in the air acts as a lightning rod. The late afternoon in July is a great time for thunderstorms. Florida
is prone to thunderstorms, and Sunday is a day on which a lot of people like to golf. In other words, don’t do these
things!
Thunderstorms

Thunderstorms are are known for their heavy rains and lightning. In strong thunderstorms, hail and high winds are
also likely. Thunderstorms are very common. Worldwide, there are about 14 million of them each year! In the U.S.,
they are most common—and strongest—in the Midwest.

Thunderstorm Formation

Thunderstorms form when the ground is really hot ( Figure 4.9). The air near the ground becomes very warm
and humid. This is true in some locations in late afternoon or early evening in spring and summer. The warm air
rises rapidly, which creates strong updrafts. When the rising air cools, its water vapor condenses. The updrafts
create tall cumulonimbus clouds. Winds blow the cloud top sideways. This makes the well-known anvil shape
of a cloud known as a thunderhead ( Figure 4.8). Water droplets and ice fly up through the cloud. When these
droplets get heavy enough, they fall. This starts a downdraft. A convection cell develops within the cloud. A mature
thunderstorm produces gusty winds, lightning, heavy rain, and hail.
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FIGURE 4.8
A thunderhead is a cumulonimbus cloud.

FIGURE 4.9
Formation and disappearance of a thunderstorm.

Lightning and Thunder

During a thunderstorm, some parts of a thunderhead become negatively charged. Other parts become positively
charged. The difference in charge creates lightning. Lightning ( Figure 4.10) is a huge release of electricity.
Lightning can jump between oppositely charged parts of the same cloud, between one cloud and another, or between
a cloud and the ground. Lightning blasts the air with energy. The air heats and expands so quickly that it explodes.
This creates the loud sound of thunder.
Do you know why you always hear the boom of thunder after you see the flash of lightning? It’s because light travels
faster than sound. If you count the seconds between seeing lightning and hearing thunder, you can estimate how far
away the lightning was. A lapse of five seconds is equal to about a mile.
The End

The downdrafts cool the air at the base of the cloud. The air is no longer warm enough to rise. Convection shuts
down and the thunderhead runs out of energy. A thunderstorm usually ends only 15 to 30 minutes after it begins.
New thunderstorms may start in the same area.
Many thunderstorms form individually. During some seasons, they form in squall lines, long lines of thunderstorms,
along a cold front. Squall lines form in spring and early summer in the Midwestern United States. This is because
the maritime tropical (mT) air mass from the Gulf of Mexico meets the continental polar (cP) air mass from Canada
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FIGURE 4.10
Lightning flashes during a thunderstorm

( Figure 4.11).

FIGURE 4.11
Cold air from the Rockies collided with
warm, moist air from the Gulf of Mexico
to form this squall line.

Vocabulary

•
•
•
•

lightning: Huge discharge of electricity typical of thunderstorms.
squall lines: Long lines of thunderstorms that form along a cold front.
thunder: Loud clap produced by lightning.
thunderstorm: Storms caused by upwelling air; cumulonimbus clouds, thunder, and lightning.

Summary

• Thunderstorms grow where ground temperatures are extremely high.
• Convection in the cloud causes raindrops or hailstones to grow. Downdrafts ultimately end convection.
• Squall lines are long lines of thunderstorms that form along a cold front.
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Review

1.
2.
3.
4.

Why are thunderstorms so common?
What is the energy source that feeds a thunderstorm?
What two atmospheric processes lead to the formation of the anvil-shaped clouds?
What causes a thunderstorm to end?
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4.7 Hurricanes
• Describe hurricane formation and the damage they cause.
• Describe how hurricanes are measured.

Ever been to The Big Easy?
New Orleans, Louisiana is a city unlike any other. The city is known for it’s Cajun food, jazz music, and full out
celebration of Mardi Gras. Residents love the city with a great intensity. Yet, many people who evacuated before
Hurricane Katrina have not returned. The population is nearly 30% lower than it was in August 2005. Many sections
of the city have still not recovered.
Hurricanes

Tornadoes may also come from hurricanes. A hurricane ( Figure 4.12) is an enormous storm with high winds and
heavy rains. Hurricanes may be hundreds of kilometers wide. They may travel for thousands of kilometers. The
storm’s wind speeds may be greater than 251 kilometers (156 miles) per hour. Hurricanes develop from tropical
cyclones. Hurricanes are called typhoons in the Pacific.
Hurricane Formation

Hurricanes are cyclones. Since they form in the tropics, they are called tropical cyclones. These storms form over
very warm ocean water in summer and autumn. The temperature of the sea surface must be 28o C (82o F) or higher.
The air above the water warms and rises. This forms a low pressure cell. The air begins to rotate around the low
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FIGURE 4.12
A cross-sectional view of a hurricane.

pressure cell. Water vapor condenses. If conditions are right, the storm will build into a hurricane in two to three
days.
Hurricanes are huge and produce high winds. Rainfall can be as high as 2.5 cm (1") per hour. The total rainfall
can be 20 billion metric tons daily. The enormous amounts of energy released could equal the total annual electrical
power consumption of the United States. That’s from just one storm. Hurricanes can also generate tornadoes.
Hurricanes move with the prevailing winds. In the Northern Hemisphere, they originate in the trade winds and
are blown to the west. When they reach the westerlies, they switch direction. So they travel toward the north or
northeast. You can look at a map of hurricane tracks to see this happen ( Figure 4.13). Hurricanes may cover 800
km (500 miles) in one day.

FIGURE 4.13
Track map of all hurricanes that have
achieved Category 3 intensity in the Atlantic basin, without reaching higher intensities. The points show the location
of the storm at 6-hour intervals.

The

colour represents the storm’s maximum
sustained wind speeds as classified in the
Saffir-Simpson Hurricane Scale, and the
shape of the data points represent the
nature of the storm (see source link).

The Eye of a Hurricane

At the center of a hurricane is a small area where the air is calm and clear. This is called the eye of the hurricane (
Figure 4.14). The eye forms at the low-pressure center of the hurricane. Air in the eye rises upward.
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FIGURE 4.14
The eye of this hurricane is easy to see from space.

The End

Since hot water gives a hurricane its energy, the storm will grow stronger as long as it stays over the warm ocean. If
it goes ashore or moves over cooler water, it is cut off from the hot water energy. This sill cause the storm to lose
strength and slowly fade away.
Hurricanes typically last for five to ten days. The winds push them until they are over cooler water or land. When a
hurricane disintegrates, it is replaced with intense rains and tornadoes.
Classifying Hurricanes

Like tornadoes, hurricanes are classified on the basis of wind speed and damage ( Table 4.2).

TABLE 4.2: Saffir-Simpson Hurricane Scale
Category
1 (weak)

Wind Speed (kilometers
per hour)
119-153

Wind Speed (miles per
hour)
74-95

2 (moderate)

154-177

96-110

3 (strong)

178-209

111-130

4 (very strong)

210-251

131-156

5 (devastating)

>251

>156

Damage
Above normal; no real
damage to structures
Some roofing, door, and
window damage; considerable damage to vegetation, mobile homes, and
piers
Some buildings damaged;
mobile homes destroyed
Complete roof failure on
small residences; major
erosion of beach areas;
major damage to lower
floors of structures near
shore
Complete roof failure on
many residences and industrial buildings; some
complete building failure

Damage

So much rain falling so fast causes some of the damage from a hurricane. But a lot of the damage is caused by storm
surge. Storm surge is very high water located in the low pressure eye of the hurricane. The very low pressure of
the eye allows the water level to rise above normal sea level. Storm surge can cause flooding when it reaches land
( Figure 4.15). High winds do a great deal of damage in hurricanes. High winds can also create very big waves. If
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FIGURE 4.15
Storm surge can cause serious flooding.

Hurricane Katrina

The 2005 Atlantic hurricane season was unprecedented. The hurricane season was longer than normal, and there
were many more storms. The damage from the storms was the greatest in history. The total cost was estimated at
more than $128 billion. There were more than 2,280 deaths.
Hurricane Katrina was both the most destructive hurricane and the most deadly. When the levees that protect the city
broke, much of the city was flooded ( Figure 4.16). The hurricane was the costliest natural disaster in U.S. history.
Nearly 2,000 people died, and damage was estimated at over $80 billion.

FIGURE 4.16
Flooding in New Orleans after Hurricane Katrina caused the levees to
break. Water poured into the city.

News about Hurricane Katrina from the New Orleans Times-Picayune: http://www.nola.com/katrina/graphics/flashfl
ood.swf .
An animation of a radar image of Hurricane Katrina making landfall is seen here: http://upload.wikimedia.org/wiki
pedia/commons/9/97/Hurricane_Katrina_LA_landfall_radar.gif .

Vocabulary

• hurricane: Cyclone that forms in the tropics and spins around a low-pressure center.
• storm surge: High water due to the low pressure at the center of a hurricane.

Summary

• Hurricanes are cyclones that form in tropical latitudes. They are called tropical cyclones.
• Hurricanes have high winds that blow around a low pressure zone. In the low pressure zones, air moves
upward. This is the eye of the hurricane.
• The damage hurricanes cause is due largely to storm surge. High wind speeds and rain also cause damage.
• Hurricane Katrina was so damaging because the levees that protected New Orleans broke.
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Review

1.
2.
3.
4.
5.
6.
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What is a hurricane? What is the eye of a hurricane?
How does a hurricane form?
Where does the storm get its energy?
What is storm surge?
Under what circumstances does a hurricane die?
Why was Hurricane Katrina so damaging?
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4.8 Heat Waves and Droughts
• Describe the causes of heat waves.
• Describe the causes of droughts.

Is the current drought like the Dust Bowl?
The worst heat wave in U.S. history came in 1936. The already struggling Midwest was hit hard by extreme
temperatures and drought. Crops were destroyed, and more than 5,000 people died. The Midwest and Southwest are
currently suffering with drought. While serious, it is not yet a situation like the Dust Bowl.
Heat Waves

A heat wave is different depending on its location. A region has a heat wave if it has more than five consecutive
days of temperatures that are more than 9o F (5o C) above average. A heat wave in Portland, Oregon might be just an
average warm week in Phoenix, Arizona.
Heat waves have increased in frequency and duration in recent years. The summer 2011 North American heat wave
brought record temperatures across the Midwestern and Eastern United States. Many states and localities broke
records for temperature and for the most days above 100o F.
Causes

A high pressure cell sitting over a region with no movement is the likely cause of a heat wave.
What do you think caused the heat wave in the image below ( Figure 4.17)? A high pressure zone kept the jet stream
farther north than normal for August.
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FIGURE 4.17
A heat wave over the United States as indicated by heat radiated from the ground.
The bright yellow areas are the hottest,
and the blue and white are coolest.

Droughts

Droughts also depend on what is normal for a region. A region that gets significantly less precipitation than normal
for an extended period of time is in drought. The Southern United States is experiencing an ongoing and prolonged
drought.
Drought has many consequences. When soil loses moisture it may blow away. This happened during the Dust Bowl
in the United States in the 1930s. Forests may be lost, dust storms may become common, and wildlife are disturbed.
Wildfires become much more common during times of drought.
Vocabulary

• drought: Long period of lower than normal rainfall for a particular region.
• heat wave: Period of prolonged excessively hot weather for a particular region.
Summary

• A heat wave or a drought is defined as conditions different from normal in a region.
• A heat wave is caused when a warm high-pressure cell sits over a region.
• Drought may have extremely severe consequences. The severity depends on its duration and intensity.
Explore More

Use the resources below to answer the questions that follow.
• Three Degrees Warmer: Heat Wave Fatalities at http://www.youtube.com/watch?v=6rdLu7wiZOE (2:18)
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/1593

1.
2.
3.
4.
5.

What will happen if the world’s average temperature increases by 3 degrees?
What will become the norm in Europe and the Mediterranean?
What happened in the summer of 2003?
How many people died in Europe that summer?
Why was this catastrophe, caused or exacerbated by global warming, unique?

• Signs of Droughts at http://video.nationalgeographic.com/video/environment/environment-natural-disasters/
landslides-and-more/droughts/
6.
7.
8.
9.
10.

What are the signs of a drought?
What causes a drought?
What human activities can increase a drought?
What can long-term droughts lead to?
How long did the drought last in the 1930s?

Review

1. How is a heat wave defined?
2. How is a drought defined?
3. How does the position of the jet stream cause a heat wave?
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4.9 Collecting Weather Data
• Describe how scientists collect information about weather.

What does a meteorologist need before he or she can forecast the weather?
Data! A meteorologist needs data about the current conditions. There are many types of instruments available for
collecting that data. According to the World Meteorological Organization (WMO), a 5-day weather forecast today
is as reliable as a 2-day forecast was 20 years ago.
Predicting the Weather

Weather is very difficult to predict. That’s because it’s very complex, and many factors are involved. Slight changes
in even one factor can cause a big change in the weather. Still, certain “rules of thumb” generally apply. These
“rules” help meteorologists forecast the weather. For example, low pressure is likely to bring stormy weather. So if
a center of low pressure is moving your way, you can expect a storm.
People often complain when the weather forecast is wrong. Weather forecasts today, however, are much more
accurate than they were just 20 years ago. Scientists who study and forecast the weather are called meteorologists.
How do they predict the weather?
The first thing they need is data. Their data comes from various instruments.
Weather Instruments

Weather instruments measure weather conditions. One of the most important conditions is air pressure, which is
measured with a barometer ( Figure 4.18). There are also a number of other commonly used weather instruments
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( Figure 4.19):
•
•
•
•
•
•

A thermometer measures temperature.
An anemometer measures wind speed.
A rain gauge measures the amount of rain.
A hygrometer measures humidity.
A wind vane shows wind direction.
A snow gauge measures the amount of snow.

FIGURE 4.18
The greater the air pressure outside the tube, the higher the mercury
rises inside the tube. Mercury can rise in the tube, because there’s no
air pressing down on it.

FIGURE 4.19
Some of the most commonly used
weather instruments.
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Collecting Data

Weather instruments collect data from all over the world at thousands of weather stations ( Figure 4.20). Many are
on land, but some float in the oceans on buoys. There’s probably at least one weather station near you.
Other weather devices are needed to collect weather data in the atmosphere. They include weather balloons,
satellites, and radar ( Figure 4.20).

FIGURE 4.20
Weather stations collect data on land and
sea.

Weather balloons, satellites, and

radar collect data in the atmosphere.

Weather stations contain many instruments for measuring weather conditions. The weather balloon ( Figure 4.20)
will rise into the atmosphere until it bursts. As it rises, it will gather weather data and send it to the surface. Many
weather satellites orbit Earth. They constantly collect and transmit weather data from high above the surface. A
radar device sends out radio waves in all directions. The waves bounce off water in the atmosphere and then return to
the sender. The radar data shows where precipitation is falling. It’s raining in the orange-shaded area shown above.
Using Computers

What do meteorologists do with all that weather data? They use it in weather models. The models analyze the data
and predict the weather. The models require computers. That’s because so many measurements and calculations are
involved.
Vocabulary

• anemometer: Instrument that measures wind speed.
• barometer: Instrument for measuring atmospheric pressure.
• hygrometer: Device that measures humidity.
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• radar: Radio detection and ranging device that emits radio waves and receives them after they bounce on the
nearest surface; this creates an image of storms and other nearby objects.
• rain gauge: Instrument that measures the amount of rain.
• snow gauge Device that measures the amount of snow.
• thermometer: Device that measures temperature.
• weather balloon: Balloon that rises into the troposphere; it gathers weather data to send back to the surface.
• weather satellite: Satellite that orbits Earth and constantly collects and transmits weather data from high
above the surface.
• weather station: One of thousands of devices that collect weather data at a location on Earth’s surface.
• wind vane: Device that shows wind direction.
Summary

• Various instruments measure weather conditions: thermometers measure air temperature, and barometers
measure air pressure.
• Satellites monitor weather from above.
• Radar is used to monitor precipitation.
Explore More

Use the resource below to answer the questions that follow.
• Predicting Weather at http://www.youtube.com/watch?v=dqpFU5SRPgY (5:52)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/1605

1.
2.
3.
4.
5.
6.
7.

Why is weather difficult to predict?
What is the Afternoon Constellation? What does it do?
What are the three important characteristics of clouds?
What are the basic shapes of clouds?
What is fog?
Why is it important to study clouds?
What will Cloudsat do?

Review

1. What can a barometer tell you about the coming weather?
2. Why is weather prediction better than it used to be?
3. What is the purpose of a weather satellite?
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4.10 Processes of the Water Cycle
• Describe the water cycle and describe the processes that carry water between reservoirs.
• Define the processes by which water changes state and explain the role each plays in the water cycle.

Where have these water molecules been?
Because of the unique properties of water, water molecules can cycle through almost anywhere on Earth. The water
molecule found in your glass of water today could have erupted from a volcano early in Earth’s history. In the
intervening billions of years, the molecule probably spent time in a glacier or far below the ground. The molecule
surely was high up in the atmosphere and maybe deep in the belly of a dinosaur. Where will that water molecule go
next?
The Water Cycle

The movement of water around Earth’s surface is the hydrological (water) cycle ( Figure 4.21). Water inhabits
reservoirs within the cycle, such as ponds, oceans, or the atmosphere. The molecules move between these reservoirs
by certain processes, including condensation and precipitation. There are only so many water molecules and these
molecules cycle around. If climate cools and glaciers and ice caps grow, there is less water for the oceans and sea
level will fall. The reverse can also happen.
The following section looks at the reservoirs and the processes that move water between them.
Solar Energy

The Sun, many millions of kilometers away, provides the energy that drives the water cycle. Our nearest star directly
impacts the water cycle by supplying the energy needed for evaporation.
Oceans

Most of Earth’s water is stored in the oceans, where it can remain for hundreds or thousands of years.
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FIGURE 4.21
Because it is a cycle, the water cycle has no beginning and no end.

Atmosphere

Water changes from a liquid to a gas by evaporation to become water vapor. The Sun’s energy can evaporate water
from the ocean surface or from lakes, streams, or puddles on land. Only the water molecules evaporate; the salts
remain in the ocean or a fresh water reservoir.
The water vapor remains in the atmosphere until it undergoes condensation to become tiny droplets of liquid. The
droplets gather in clouds, which are blown about the globe by wind. As the water droplets in the clouds collide and
grow, they fall from the sky as precipitation. Precipitation can be rain, sleet, hail, or snow. Sometimes precipitation
falls back into the ocean and sometimes it falls onto the land surface.
For a little fun, watch this video. This water cycle song focuses on the role of the Sun in moving H2 O from one
reservoir to another. The movement of all sorts of matter between reservoirs depends on Earth’s internal or external
sources of energy: http://www.youtube.com/watch?v=Zx_1g5pGFLI (2:38).
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/1623

This animation shows the annual cycle of monthly mean precipitation around the world: http://en.wikipedia.org/
wiki/File:MeanMonthlyP.gif .
Streams and Lakes

When water falls from the sky as rain it may enter streams and rivers that flow downward to oceans and lakes. Water
that falls as snow may sit on a mountain for several months. Snow may become part of the ice in a glacier, where it
may remain for hundreds or thousands of years. Snow and ice may go directly back into the air by sublimation, the
process in which a solid changes directly into a gas without first becoming a liquid. Although you probably have not
seen water vapor undergoing sublimation from a glacier, you may have seen dry ice sublimate in air.
Snow and ice slowly melt over time to become liquid water, which provides a steady flow of fresh water to streams,
rivers, and lakes below. A water droplet falling as rain could also become part of a stream or a lake. At the surface,
the water may eventually evaporate and reenter the atmosphere.
Soil

A significant amount of water infiltrates into the ground. Soil moisture is an important reservoir for water ( Figure
4.22). Water trapped in soil is important for plants to grow.

FIGURE 4.22
The moisture content of soil in the United
States varies greatly.

Groundwater

Water may seep through dirt and rock below the soil and then through pores infiltrating the ground to go into Earth’s
groundwater system. Groundwater enters aquifers that may store fresh water for centuries. Alternatively, the water
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may come to the surface through springs or find its way back to the oceans.
Biosphere

Plants and animals depend on water to live. They also play a role in the water cycle. Plants take up water from the
soil and release large amounts of water vapor into the air through their leaves ( Figure 4.23), a process known as
transpiration.
An online guide to the hydrologic cycle from the University of Illinois is found here: http://ww2010.atmos.uiuc.edu
/%28Gh%29/guides/mtr/hyd/home.rxml .

FIGURE 4.23
Clouds form above the Amazon Rainforest even in the dry season because of
moisture from plant transpiration.

How the water cycle works and how rising global temperatures will affect the water cycle, especially in California,
are the topics of this Quest video.
Watch it at http://www.kqed.org/quest/television/tracking-raindrops/.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/60926

Human Uses

People also depend on water as a natural resource. Not content to get water directly from streams or ponds, humans
create canals, aqueducts, dams, and wells to collect water and direct it to where they want it ( Figure 4.24).
Summary

• The water cycle describes all of the reservoirs of water and the processes that carry it between them.
• Water changes state by evaporation, condensation, and sublimation.
• Plants release water through their leaves by transpiration.
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FIGURE 4.24
Pont du Gard in France is an ancient
aqueduct and bridge that was part of of a
well-developed system that supplied water around the Roman empire.

Explore More

Use this resource to answer the questions that follow.
https://www.youtube.com/watch?v=8NwS86wtmlM
1.
2.
3.
4.
5.
6.
7.
8.
9.

How often is water added to the Earth system?
How can the two parts of the water cycle be summarized?
What are the major reservoirs for water?
What is precipitation?
Where does snow melt go?
As rain falls onto land, what can happen to it?
How long does water stay in groundwater?
How does water get back into the atmosphere?
How do plants engage in transpiration?

Review

1. What is transpiration?
2. Describe when and how sublimation occurs.
3. What is the role of the major reservoirs in the water cycle?
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5.1 Matter, Mass, and Volume-1.1
• Define matter.
• State what mass measures.
• State what volume measures.

Can you guess what this colorful image shows? Believe it or not, it actually depicts individual atoms of cesium
(reddish-orange) on a surface of gallium arsenide atoms (blue). The image was created with an extremely powerful
microscope, called a scanning tunneling microscope. This is the only type of microscope that can make images of
things as small as atoms, the basic building blocks of matter.
What’s the Matter?

Matter is all the “stuff” that exists in the universe. Everything you can see and touch is made of matter, including
you! The only things that aren’t matter are forms of energy, such as light and sound. In science, matter is defined
as anything that has mass and volume. Mass and volume measure different aspects of matter.
Mass

Mass is a measure of the amount of matter in a substance or an object. The basic SI unit for mass is the kilogram
(kg), but smaller masses may be measured in grams (g). To measure mass, you would use a balance. In the lab, mass
may be measured with a triple beam balance or an electronic balance, but the old-fashioned balance pictured below
may give you a better idea of what mass is. If both sides of this balance were at the same level, it would mean that
the fruit in the left pan has the same mass as the iron object in the right pan. In that case, the fruit would have a mass
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of 1 kg, the same as the iron. As you can see, however, the fruit is at a higher level than the iron. This means that
the fruit has less mass than the iron, that is, the fruit’s mass is less than 1 kg.
Q: If the fruit were at a lower level than the iron object, what would be the mass of the fruit?
A: The mass of the fruit would be greater than 1 kg.

Mass is commonly confused with weight. The two are closely related, but they measure different things. Whereas
mass measures the amount of matter in an object, weight measures the force of gravity acting on an object. The
force of gravity on an object depends on its mass but also on the strength of gravity. If the strength of gravity is held
constant (as it is all over Earth), then an object with a greater mass also has a greater weight.
Q: With Earth’s gravity, an object that has a mass of 1 kg has a weight of 2.2 lb. How much does a 10 kg object
weigh on Earth?
A: A 10 kg object weighs ten times as much as a 1 kg object:
10 × 2.2 lb = 22 lb
Volume

Volume is a measure of the amount of space that a substance or an object takes up. The basic SI unit for volume is
the cubic meter (m3 ), but smaller volumes may be measured in cm3 , and liquids may be measured in liters (L) or
milliliters (mL). How the volume of matter is measured depends on its state.
• The volume of a liquid is measured with a measuring container, such as a measuring cup or graduated
cylinder.The most accurate and precise tool for measuring volume in science class is a graduated cylinder.
• The volume of a gas depends on the volume of its container: gases expand to fill whatever space is available
to them.
• The volume of a regularly shaped solid can be calculated from its dimensions. For example, the volume of a
rectangular solid is the product of its length, width, and height.
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• The volume of an irregularly shaped solid can be measured by the displacement method. You can read below
how this method works. For a video on the displacement method, go to this URL: http://www.youtube.com/w
atch?v=e0geXKxeTn4 .

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/79976

Q: How could you find the volume of air in an otherwise empty room?
A: If the room has a regular shape, you could calculate its volume from its dimensions. For example, the volume of
a rectangular room can be calculated with the formula:
Volume = length × width × height

If the length of the room is 5.0 meters, the width is 3.0 meters, and the height is 2.5 meters, then the volume of the
room is:
Volume = 5.0 m × 3.0 m × 2.5 m = 37.5 m3

Q: What is the volume of the dinosaur in the diagram above?
A: The volume of the water alone is 4.8 mL. The volume of the water and dinosaur together is 5.6 mL. Therefore,
the volume of the dinosaur alone is 5.6 mL – 4.8 mL = 0.8 mL.
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The man in this cartoon is filling balloons with helium gas. What will happen if he lets go of the filled balloons?
They will rise up into the air until they reach the ceiling. Do you know why? It’s because helium has less density
than air.
Defining Density

Density is an important physical property of matter. It reflects how closely packed the particles of matter are. When
particles are packed together more tightly, matter has greater density. Differences in density of matter explain many
phenomena, not just why helium balloons rise. For example, differences in density of cool and warm ocean water
explain why currents such as the Gulf Stream flow through the oceans. You can see a colorful demonstration of
substances with different densities at this URL:
http://www.youtube.com/watch?v=B3kodeQnQvU (4:00)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/54886

To better understand density, think about a bowling ball and volleyball, pictured in the Figure below . Imagine
lifting each ball. The two balls are about the same size, but the bowling ball feels much heavier than the volleyball.
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That’s because the bowling ball is made of solid plastic, which contains a lot of tightly packed particles of matter.
The volleyball, in contrast, is full of air, which contains fewer, more widely spaced particles of matter. In other
words, the matter inside the bowling ball is denser than the matter inside the volleyball.

FIGURE 5.1

Q: If you ever went bowling, you may have noticed that some bowling balls feel heavier than others even though
they are the same size. How can this be?
A: Bowling balls that feel lighter are made of matter that is less dense.
Calculating Density

The density of matter is actually the amount of matter in a given space. The amount of matter is measured by its
mass, and the space matter takes up is measured by its volume. Therefore, the density of matter can be calculated
with this formula:

Density =

mass
volume

Assume, for example, that a book has a mass of 500 g and a volume of 1000 cm3 . Then the density of the book is:

Density =

500 g
= 0.5 g/cm3
1000 cm3

Q: What is the density of a liquid that has a volume of 30 mL and a mass of 300 g?
A: The density of the liquid is:

Density =

300 g
= 10 g/mL
30 mL

Summary

• Matter is all the “stuff” that exists in the universe. It has both mass and volume.
• Mass measures the amount of matter in a substance or an object. The basic SI unit for mass is the kilogram
(kg).
• Volume measures the amount of space that a substance or an object takes up. The basic SI unit for volume is
the cubic meter (m3 ).
• Density is an important physical property of matter. It reflects how closely packed the particles of matter are.
• The density of matter can be calculated by dividing its mass by its volume.
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Vocabulary

•
•
•
•

mass: Amount of matter in a substance or object.
matter: Anything that has mass and volume.
volume: Amount of space taken up by matter.
density: Amount of mass in a given volume of matter; calculated as mass divided by volume.

Explore More

• Do the mass and volume quiz at this URL. Be sure to check your answers.
http://www.proprofs.com/quiz-school/story.php?title=measurement-mass-volume
• Gizmo - ExploringLearning - use password and login provided by your teacher
Search - Density Laboratory / Weight & Mass / Triple Beam Balance
• Go to this URL and take the calculating-density quiz. Be sure to check your answers!
http://www.old-pz.gse.harvard.edu/ucp/curriculum/density/s2_resources_calculating_density.pdf
Review

1.
2.
3.
4.
5.
6.
7.
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How do scientists define matter?
What is mass? What is the basic SI unit of mass?
What does volume measure? Name two different units that might be used to measure volume.
Explain how to use the displacement method to find the volume of an irregularly shaped object.
What us density
Find the density of an object that has mass of 5kg and volume of 50 cm3 .
Create a sketch that shows the particles of matter in two substances that differ in density. Label the sketch to
show which substance has greater density?
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5.2 Atomic Particles
• Identify the nucleus of the atom.
• Describe the size and mass of the nucleus.
• Explain what holds the nucleus together.

An atomic bomb explodes and generates a huge mushroom cloud. The tremendous energy released when the bomb
explodes is incredibly destructive. Where does all the energy come from? The answer is the nucleus of the atom.
At the Heart of It All

The nucleus (plural, nuclei) is a positively charged region at the center of the atom. It consists of two types of
subatomic particles packed tightly together. The particles are protons, which have a positive electric charge, and
neutrons, which are neutral in electric charge. Outside of the nucleus, an atom is mostly empty space, with orbiting
negative particles called electrons whizzing through it. The Figure 5.2 shows these parts of the atom.
Size and Mass of the Nucleus

The nucleus of the atom is extremely small. Its radius is only about 1/100,000 of the total radius of the atom. If an
atom were the size of a football stadium, the nucleus would be about the size of a pea! You can see another sports
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FIGURE 5.2

analogies comparing the size of the nucleus and atom at this URL:
http://www.youtube.com/watch?v=1o-FsxAkvZk (1:06)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/54907

Electrons have virtually no mass, but protons and neutrons have a lot of mass for their size. As a result, the nucleus
has virtually all the mass of an atom. Given its great mass and tiny size, the nucleus is very dense. If an object the
size of a penny had the same density as the nucleus of an atom, its mass would be greater than 30 million tons! You
can learn more about the size and mass of the nucleus at this URL:
http://www.youtube.com/watch?v=Tfy0sIVfVOY (2:03)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/699

Holding It All Together

Particles with opposite electric charges attract each other. This explains why negative electrons orbit the positive
nucleus. Particles with the same electric charge repel each other. This means that the positive protons in the nucleus
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push apart from one another. So why doesn’t the nucleus fly apart? An even stronger force—called the strong
nuclear force—holds protons and neutrons together in the nucleus. You can learn more about these forces in the
nucleus by watching the video at this URL:
http://www.youtube.com/watch?v=PdFsb2sWrW4 (6:27)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/54908

Q: Can you guess why an atomic bomb releases so much energy when it explodes?
A: When an atomic bomb explodes, the nuclei of atoms undergo a process called fission, in which they split apart.
This releases the huge amount of energy that was holding together subatomic particles in the nucleus.

Protons

This glowing sphere represents the sun , which has a diameter of 1.4 × 10 9 meters. The sun has a special relationship
to another object that is only about 1.7 × 10 −17 meters in diameter—the subatomic particle called the proton. How
is the gigantic sun related to the extremely tiny proton? Read on to find out.
What Is a Proton?

A proton is one of three main particles that make up the atom. The other two particles are the neutron and electron.
Protons are found in the nucleus of the atom. This is a tiny, dense region at the center of the atom. Protons have
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a positive electrical charge of one (+1) and a mass of 1 atomic mass unit (amu), which is about 1.67 × 10 −27
kilograms. Together with neutrons , they make up virtually all of the mass of an atom. For an excellent video on
protons and other fundamental particles in atoms , go to this URL:
http://www.youtube.com/watch?v=Vi91qyjuknM (7:44)
Q: How do you think the sun is related to protons?
A: The sun’s tremendous energy is the result of proton interactions. In the sun, as well as in other stars, protons
from hydrogen atoms combine, or fuse, to form nuclei of helium atoms. This fusion reaction releases a huge amount
of energy and takes place in nature only at the extremely high temperatures of stars such as the sun.

Identical Protons, Different

All protons are identical. For example, hydrogen protons are exactly the same as protons of helium and all other
elements , or pure substances . However, atoms of different elements have different numbers of protons. In fact,
atoms of any given element have a unique number of protons that is different from the numbers of protons of
all other elements. For example, a hydrogen atom has just one proton, whereas a helium atom has two protons. The
number of protons in an atom determines the electrical charge of the nucleus. The nucleus also contains neutrons ,
but they are neutral in charge. The one proton in a hydrogen nucleus, for example, gives it a charge of +1, and the
two protons in a helium nucleus give it a charge of +2. To learn more about the relationship between protons and
elements, go to this URL:
http://www.youtube.com/watch?v=lP57gEWcisY (1:57)
Q: There are six protons in each atom of carbon. What is the electrical charge of a carbon nucleus?
A: The electrical charge of a carbon nucleus is +6.

What Are Protons Made of?

Protons are made of fundamental particles called quarks and gluons. As you can see in the Figure below , a
proton contains three quarks (colored circles) and three streams of gluons (wavy white lines). Two of the quarks
are called up quarks (u), and the third quark is called a down quark (d). The gluons carry the strong nuclear force
between quarks, binding them together. This force is needed to overcome the electric force of repulsion between
positive protons. Although protons were discovered almost 100 years ago, the quarks and gluons inside them were
discovered much more recently. Scientists are still learning more about these fundamental particles . You can take
an animated tour of the atom, including protons and their fundamental particles, at this URL: http://education.jlab.or
g/atomtour/index.html .
Protons are made of two up quarks and one down quark and neutrons are made of one up quark and two down
quarks.
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FIGURE 5.3

Neutrons

The arrow in this photo is pointing to a star that doesn’t look like much compared with some of the other stars in the
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picture. It’s certainly much smaller than most other stars. In fact, it’s only about 20 kilometers in diameter. Compare
that with the 1.4-million-kilometer diameter of our own sun . Despite its small size, however, this star has greater
mass than the sun, making it incredibly dense. It also has tremendous gravity. In fact, gravity on its surface is about
2 × 10 11 times the gravity we feel on Earth! What type of star is it? It’s called a neutron star. That’s because it
consists solely of neutrons. You can learn more about these fascinating stars at the URL below. You will read about
neutrons in this article.
http://imagine.gsfc.nasa.gov/docs/science/know_l1/pulsars.html
What Is a Neutron?

A neutron is one of three main particles that make up the atom. The other two particles are the proton and electron.
Atoms of all elements —except for most atoms of hydrogen—have neutrons in their nucleus. The nucleus is the
small, dense region at the center of an atom where protons are also found. Atoms generally have about the same
number of neutrons as protons. For example, all carbon atoms have six protons and most also have six neutrons. A
model of a carbon atom is shown in the Figure below . For an excellent video explaining the structure of atoms ,
including neutrons, go to this URL:
http://www.youtube.com/watch?v=Vi91qyjuknM (7:44)

FIGURE 5.4

Properties of Neutrons

Unlike protons and electrons , which are electrically charged, neutrons have no charge. In other words, they are
electrically neutral. That’s why the neutrons in the diagram above are labeled n 0 . The zero stands for “zero charge.”
The mass of a neutron is slightly greater than the mass of a proton, which is 1 atomic mass unit (amu). (An atomic
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mass unit equals about 1.67 × 10 −27 kilograms.) A neutron also has about the same diameter as a proton, or 1.7 ×
10 −17 meters.

Same Element, Different Numbers of Neutrons

All the atoms of a given element have the same number of protons and electrons . The number of neutrons, however,
may vary for atoms of the same element. For example, almost 99 percent of carbon atoms have six neutrons, but the
rest have either seven or eight neutrons. Atoms of an element that differ in their numbers of neutrons are called isot
opes . The nuclei of these isotopes of carbon are shown in the Figure below . The isotope called carbon-14 is used
to find the ages of fossils . You can learn how at this URL: http://science.howstuffworks.com/environmental/earth
/geology/carbon-14.htm .

FIGURE 5.5

Q: Notice the names of the carbon isotopes in the diagram. Based on this example, infer how isotopes of an element
are named.
A: Isotopes of an element are named for their total number of protons and neutrons.
Q: The element oxygen has 8 protons. How many protons and neutrons are there in oxygen-17?
A: Oxygen-17—like all atoms of oxygen—has 8 protons. Its name provides the clue that it has a total of 17 protons
and neutrons. Therefore, it must have 9 neutrons (8 + 9 = 17).

Particles in Neutrons

Neutrons consist of fundamental particles known as quarks and gluons. Each neutron contains three quarks, as
shown in the diagram below. Two of the quarks are called down quarks (d) and the third quark is called an up quark
(u). Gluons (represented by wavy black lines in the diagram) are fundamental particles that are given off or absorbed
by quarks. They carry the strong nuclear force that holds together quarks in a neutron.
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Electrons

Watch out! Lightning is extremely dangerous. A single bolt of lightning can carry a billion volts of electricity. That’s
enough energy to light a 100-watt light bulb—for three months! As impressive as it is, lightning is nothing more
than a sudden flow of extremely tiny particles. What are the particles that flow in a lightning bolt? The answer is
electrons.
What Are Electrons?

Electrons are one of three main types of particles that make up atoms . The other two types are protons and neut
rons . Unlike protons and neutrons, which consist of smaller, simpler particles, electrons are fundamental particles
that do not consist of smaller particles. Electrons have an negative electric charge and a AMU of close to 0. For an
excellent video about electrons and other fundamental particles in atoms, go to this URL:
http://www.youtube.com/watch?v=Vi91qyjuknM (7:44)
Properties of Electrons

Electrons are extremely small. The mass of an electron is only about 1/2000 the mass of a proton or neutron, so
electrons contribute virtually nothing to the total mass of an atom. All atoms have the same number of electrons as
protons , so the positive and negative charges “cancel out,” making atoms electrically neutral.
Where Are Electrons?

Unlike protons and neutrons , which are located inside the nucleus at the center of the atom, electrons are found
outside the nucleus. Because opposite electric charges attract each other, negative electrons are attracted to the
positive nucleus. This force of attraction keeps electrons constantly moving through the otherwise empty space
around the nucleus.
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FIGURE 5.6

The atomic model in the Figure above is useful for some purposes, but it’s too simple when it comes to the location
of electrons. In reality, it’s impossible to say what path an electron will follow. Instead, it’s only possible to describe
the chances of finding an electron in a certain region around the nucleus. The region where an electron is most likely
to be is called an orbital. Some orbitals , called S orbitals, are shaped like spheres, with the nucleus in the center. An
S orbital is pictured in Figure below . Where the dots are denser, the chance of finding an electron is greater. Also
pictured in Figure below is a P orbital. P orbitals are shaped like dumbbells, with the nucleus in the pinched part
of the dumbbell. You can see animated, three-dimensional models of orbitals at the following URL.
http://www.youtube.com/watch?v=K-jNgq16jEY (1:37)

FIGURE 5.7
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What’s Your Energy Level?

Electrons are located at fixed distances from the nucleus, called energy levels. You can see the first three energy
levels in the Figure below . The diagram also shows the maximum possible number of electrons at each energy l
evel .
• Electrons at lower energy levels, which are closer to the nucleus, have less energy. At the lowest energy level
, which has the least energy, there is just one orbital, so this energy level has a maximum of two electrons.
• Only when a lower energy level is full are electrons added to the next higher energy level. Electrons at higher
energy levels, which are farther from the nucleus, have more energy. They also have more orbitals and greater
possible numbers of electrons.
• Electrons at the outermost energy level of an atom are called valence electrons . They determine many of the
properties of an element. That’s because these electrons are involved in chemical reactions with other atoms.
Atoms may share or transfer valence electrons. Shared electrons bind atoms together to form chemical comp
ounds .
• Sometimes an atom can gain or loose electrons, when this happens the atom is called an ion.
You can see all of these ideas in action at the following URL (scroll down to the animation at the bottom of the Web
page).
http://www.brooklyn.cuny.edu/bc/ahp/SDPS/SD.PS.electrons.html

FIGURE 5.8

Q: If an atom has 12 electrons, how will they be distributed in energy levels?
A: The atom will have two electrons at the first energy level, eight at the second energy level, and the remaining two
at the third energy level.
Q: Sometimes, an electron jumps from one energy level to another. How do you think this happens?
A: To change energy levels, an electron must either gain or lose energy. That’s because electrons at higher energy
levels have more energy than electrons at lower energy levels.
Below is a more detailed view of the Energy Levels...
Vocabulary

• electron : Negatively charged atomic particle that moves around the nucleus of an atom
• nucleus: Tiny region in the center of an atom that contains protons and neutrons and makes up almost all of
the atom’s mass
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FIGURE 5.9

• proton : Positively charged atomic particle inside the nucleus of an atom.
• quark: Is a fundamental particle that exist inside of the proton.
• neutron : Electrically neutral atomic particle inside the nucleus of an atom.
• isotope: Same element different number of neutrons. (iso= same)
Summary

• The nucleus is a small, dense region at the center of the atom. It consists of positive protons and neutral
neutrons, so it has an overall positive charge.
• The nucleus is just a tiny part of the atom, but it contains virtually all of the atom’s mass.
• The strong nuclear force holds together protons and neutrons in the nucleus and overcomes the electric force
of repulsion between protons.
• Electrons are one of three main types of particles that make up the atom. They are extremely small and have
an electric charge of -1. All atoms have the same number of electrons as protons.
• Negative electrons are attracted to the positive nucleus. This force of attraction keeps electrons constantly
moving around the nucleus. The region where an electron is most likely to be found is called an orbital.
• Electrons are located at fixed distances from the nucleus, called energy levels. Electrons at lower energy levels
have less energy than electrons at higher energy levels
• A proton one of three main particles that make up the atom. It is found in the nucleus. It has an electrical
charge of one +1 and a mass of 1 atomic mass unit (amu).
• Atoms of any given element have a unique number of protons that is different from the numbers of protons of
all other elements.
• Protons consist of fundamental particles called quarks and gluons. Gluons carry the strong nuclear force
between quarks, binding them together.
• A neutron is one of three main particles that make up the atom. It is found in the nucleus and is neutral in
electric charge. It has about the same mass and diameter as a proton. Neutrons are found in all atoms except
for most atoms of hydrogen.
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• All the atoms of a given element have the same number of protons and electrons , but they may vary in their
numbers of neutrons. Atoms of the same element that differ in their numbers of neutrons are called isotopes.
• Neutrons consist of fundamental particles known as quarks and gluons. Gluons carry the strong nuclear force
that binds together the quarks in a neutron.
Explore More

Activity One:
Watch this short video about how the nucleus was discovered, and then answer the questions below.
http://www.youtube.com/watch?v=Q8RuO2ekNGw (0:48)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/54909

1. Describe the scientific procedure that was used to discover the nucleus.
2. What evidence led scientists to conclude that atoms consist mostly of empty space with a very small, positively
charged mass at the center?
3. Reflect on the method used in the experiment. Why was it important to send positive—as opposed to neutral
or negative—particles toward the gold foil?
Activity Two:
Research the discovery of electrons at the following URLs, and then answer the questions below.
• http://www.youtube.com/watch?v=IdTxGJjA4Jw (2:54)
• http://www.aip.org/history/electron/jjhome.htm
1.
2.
3.
4.

Who discovered electrons? When were they discovered?
Outline how electrons were discovered.
What was the significance of the discovery of electrons?
Where did Thomson think electrons were located in the atom? How does this differ from the modern view of
electrons presented above?

Activity Three:
Do the activity at the URL below for a better appreciation of the size of a proton.
http://www.pbs.org/wgbh/nova/teachers/activities/pdf/3012_elegant_13.pdf
Read the article on neutrons at the following URL, and then complete the fill-in statements below.
http://www.chem4kids.com/files/atom_neutron.html
1.
2.
3.
4.
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Review of Nucleus

1.
2.
3.
4.
5.

Describe the nucleus of the atom.
Why is the nucleus positive in charge?
Explain why the nucleus is very dense.
Outline the forces that act on particles in the nucleus.
If you made a three-dimensional model of an atom and its nucleus, how would you represent the atom? How
would you represent nucleus? Explain your choices.

Review of Protons

1. Describe protons.
2. What is the relationship between protons and elements?
3. Atoms, which are always neutral in electric charge, contain electrons as well as protons and neutrons . An
electron has an electrical charge of -1. If an atom has three electrons, infer how many protons it has.
4. Identify the fundamental particles that make up a proton.

Review of Neutron
1.
2.
3.
4.

What is a neutron?
Compare and contrast neutrons and protons.
Explain how isotopes of an element differ from one another. Give an example.
Identify the fundamental particles that make up a neutron.
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5.3 Atoms
• Describe atoms and how they are related to elements.
• Identify the three main subatomic particles that make up atoms.

What could this hilly blue surface possibly be? Do you have any idea? The answer is a single atom of the element
Cobalt. The picture was created using a scanning tunneling microscope. No other microscope can make images of
things as small as atoms. How small are atoms? You will find out in this lesson.
What Are Atoms?

Atoms are the building blocks of matter. They are the smallest particles of an element that still have the element’s
properties. Elements, in turn, are pure substances—such as nickel, hydrogen, and helium—that make up all kinds
of matter. All the atoms of a given element are identical in that they have the same number of protons, one of
the building blocks of atoms (see below). They are also different from the atoms of all other elements, as atoms
of different elements have different number of protons. For an entertaining introduction to atoms by Bill Nye the
Science Guy, watch the video at this URL:
http://www.youtube.com/watch?v=cnXV7Ph3WPk (6:37)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/54885
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Size of Atoms

Unlike bricks, atoms are extremely small. The radius of an atom is well under 1 nanometer, which is one-billionth
of a meter. If a size that small is hard to imagine, consider this: trillions of atoms would fit inside the period at
the end of this sentence. Although all atoms are very small, elements vary in the size of their atoms. The Figure
below compares the sizes of atoms of more than 40 different elements. The elements in the figure are represented
by chemical symbols, such as H for hydrogen and He for helium. Of course, real atoms are much smaller than the
circles representing them in the Figure below.
Subatomic Particles :
The element in the figure with the biggest atoms is cesium (Cs).
Although atoms are very tiny, they consist of even smaller particles. Three main types of sub atomic particles that
make up all atoms are:
• protons, which have a positive electric charge.
• electrons, which have a negative electric charge.
• neutrons, which are neutral in electric charge.
Atomic Structure:
There are two popular models of an atom. One of the earlier models of an atom is known as Bohr model which is a
one dimensional representation of the atom.

Look at the people in the picture. Do you see how they are standing on different rungs of the ladder? When you
stand on a ladder, you can stand on one rung or another, but you can never stand in between two rungs. A ladder can
be used to model parts of an atom. Do you know how? Read on to find out.
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Modeling the Atom

The existence of the atom was first demonstrated around 1800 by John Dalton. Then, close to a century went by
before J.J. Thomson discovered the first subatomic particle, the negatively charged electron. Because atoms are
neutral in charge, Thomson thought that they must consist of a sphere of positive charge with electrons scattered
through it. In 1910, Ernest Rutherford showed that this idea was incorrect. He demonstrated that all of the positive
charge of an atom is actually concentrated in a tiny central region called the nucleus. Rutherford surmised that
electrons move around the nucleus like planets around the sun . Rutherford’s idea of atomic structure was an
improvement on Thomson’s model, but it wasn’t the last word. Rutherford focused on the nucleus and didn’t really
clarify where the electrons were in the empty space surrounding the nucleus.
The next major advance in atomic history occurred in 1913, when the Danish scientist Niels Bohr published a
description of a more detailed model of the atom. His model identified more clearly where electrons could be
found. Although later scientists would develop more refined atomic models, Bohr’s model was basically correct and
much of it is still accepted today. It is also a very useful model because it explains the properties of different elem
ents . Bohr received the 1922 Nobel prize in physics for his contribution to our understanding of the structure of the
atom. You can see a picture of Bohr below .

FIGURE 5.10
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On the Level

As a young man, Bohr worked in Rutherford’s lab in England. Because Rutherford’s model was weak on the position
of the electrons , Bohr focused on them. He hypothesized that electrons can move around the nucleus only at fixed
distances from the nucleus based on the amount of energy they have. He called these fixed distances energy levels,
or electron shells. He thought of them as concentric spheres, with the nucleus at the center of each sphere. In other
words, the shells consisted of sphere within sphere within sphere. Furthermore, electrons with less energy would
be found at lower energy levels, closer to the nucleus. Those with more energy would be found at higher energy
levels, farther from the nucleus. Bohr also hypothesized that if an electron absorbed just the right amount of energy,
it would jump to the next higher energy level . Conversely, if it lost the same amount of energy, it would jump back
to its original energy level. However, an electron could never exist in between two energy levels. These ideas are
illustrated in the Figure below .

FIGURE 5.11

Function of the Bohr Model: The first energy level consist of no more than 2 electrons with the second energy
level holding a maximum of 8. The 3rd energy level has space for 18 electrons. The 4th energy level and beyond
can essential hold no more than 32 electrons.
Q: How is an atom like a ladder?
A: Energy levels in an atom are like the rungs of a ladder. Just as you can stand only on the rungs and not in between
them, electrons can orbit the nucleus only at fixed distances from the nucleus and not in between them.
A more recent model of the atom is a the Rutherford model which is a 2 dimensional model. Both models can be
used to understand the atomic structure.
Rutherford the Figure 5.12 shows how these particles are arranged in an atom. The particular atom represented
by the model is helium, but the particles of all atoms are arranged in the same way. At the center of the atom is a
dense (heavy) area called the nucleus, where all the protons and neutrons are clustered closely together. The nucleus
makes up the atomic mass an atom. The electrons constantly move around the nucleus. Helium has two protons and
two neutrons in its nucleus and two electrons moving around the nucleus. Atoms of other elements have different
numbers of subatomic particles, but the number of protons always equals the number of electrons. The positive and
negative charges of these subatomic particles “balance”each other which leaves the atom with no overall charge.
Q: Lithium has three protons, four neutrons, and three electrons. Sketch a model of a lithium atom, similar to the
model 5.12 for helium.
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FIGURE 5.12
Model of a helium atom.

A: Does your sketch resemble the model in the Figure 5.13? The model has three protons (red) and four neutrons
(blue) in the nucleus, with three electrons (gray) moving around the nucleus. You can see an animated model of a
lithium atom at this URL: http://ippex.pppl.gov/interactive/matter/elements.html .
Q: All atoms of carbon have six protons. How many electrons do carbon atoms have?
A: Carbon atoms must have six electrons to “cancel out” the positive charges of the six protons. That’s because
atoms are always neutral in electric charge.
Summary

• Atoms are the building blocks of matter. They are the smallest particles of an element that still have the
element’s properties.
• All atoms are very small, but atoms of different elements vary in size.
• Three main types of particles that make up all atoms are protons, neutrons, and electrons.
Vocabulary

• atom: Smallest particle of an element that still has the element’s properties.
• atomic structure: a model that represents structure and helps to understand the function of an atom.
• Bohr Model: Older more simplified model that demonstrates the atom in a one dimensional image. In the
center is clear nucleus (made protons neutrons). The nucleus is surrounded by energy levels (rings or shells)
where electrons exist.
Explore More

Examine the animated atomic models at the following URL, and then answer the questions below.
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FIGURE 5.13

http://web.visionlearning.com/custom/chemistry/animations/CHE1.3-an-animations.shtml
1. How is the hydrogen atom different from the atoms of all the other elements that are represented by the
animated models?
2. Which circles represent protons in the atomic models? The red circles or the blue circles? Explain how you
know.
3. Based on all of the models, what might you infer about the way electrons move around the nucleus of an atom?
Review

1. What is an atom?
2. Which of the following statements is true about the atoms of any element?
a.
b.
c.
d.

They have the same number of protons as the atoms of all other elements.
They have protons that are identical to the protons of all other elements.
They have the same size as the atoms of all other elements.
They have the same number of protons as neutrons.

3. Explain why atoms are always neutral in charge.
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5.4 Elements and the Periodic Table
•
•
•
•

Define element.
Describe how properties of different elements compare.
Outline the history of elements.
Relate atoms to elements.

• Elements are pure substances that make up all matter, so each one is given a unique name. The names of
elements are also represented by unique one-, two-, or three- letter symbols.
• The number of protons in an atom is called its atomic number. This is also unique for each element.
• An atom’s mass number is its mass in atomic mass units (amu), which is about equal to the total number of
protons and neutrons in the atom. Different isotopes of an element have different mass numbers because they
have different numbers of neutrons.

As this mountain of trash suggests, there are many different kinds of matter. In fact, there are millions of different
kinds of matter in the universe. Yet all kinds of matter actually consist of relatively few pure substances.
Pure Substances

A pure substance is called an element. An element is a pure substance because it cannot be separated into any other
substances. Currently, 92 different elements are known to exist in nature, although additional elements have been
formed in labs. All matter consists of one or more of these elements. Some elements are very common; others are
relatively rare. The most common element in the universe is hydrogen, which is part of Earth’s atmosphere and a
component of water. The most common element in Earth’s atmosphere is nitrogen, and the most common element
in Earth’s crust is oxygen. Several other elements are described in the musical video at this URL:
http://www.youtube.com/watch?v=d0zION8xjbM (3:47)
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/5064

Elemental Properties

Each element has a unique set of properties that is different from the set of properties of any other element. For
example, the element iron is a solid that is attracted by a magnet and can be made into a magnet, like the compass
needle shown in the Figure 5.14. The element neon, on the other hand, is a gas that gives off a red glow when
electricity flows through it. The lighted sign in the Figure 5.15 contains neon.

FIGURE 5.14
The needle of this compass is made of the
element iron.

FIGURE 5.15
The red lights in this sign contain the
element neon.
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Q: Do you know properties of any other elements? For example, what do you know about helium?
A: Helium is a gas that has a lower density than air. That’s why helium balloons have to be weighted down so they
won’t float away.
Q: Living things, like all matter, are made of elements. Do you know which element is most common in living
things?
A: Carbon is the most common element in living things. It has the unique property of being able to combine with
many other elements as well as with itself. This allows carbon to form a huge number of different substances.

History of Elements

For thousands of years, people have wondered about the substances that make up matter. About 2500 years ago,
the Greek philosopher Aristotle argued that all matter is made up of just four elements, which he identified as earth,
air, water, and fire. He thought that different substances vary in their properties because they contain different
proportions of these four elements. Aristotle had the right idea, but he was wrong about which substances are
elements. Nonetheless, his four elements were accepted until just a few hundred years ago. Then scientists started
discovering many of the elements with which we are familiar today. Eventually they discovered dozens of different
elements. You can read how and when the different elements were discovered at this URL: http://www.nndc.bnl.
gov/content/origindc.pdf .

Particles of Elements

The smallest particle of an element that still has the properties of that element is the atom. Atoms actually consist
of smaller particles, including protons and electrons, but these smaller particles are the same for all elements. All
the atoms of an element are like one another, and are different from the atoms of all other elements. For example,
the atoms of each element have a unique number of protons.
Consider carbon as an example. Carbon atoms have six protons. They also have six electrons. All carbon atoms are
the same whether they are found in a lump of coal or a teaspoon of table sugar ( Figure 5.16). On the other hand,
carbon atoms are different from the atoms of hydrogen, which are also found in coal and sugar. Each hydrogen atom
has just one proton and one electron.

FIGURE 5.16
Carbon is the main element in coal (left).
Carbon is also a major component of
sugar (right).

Q: Why do you think coal and sugar are so different from one another when carbon is a major component of each
substance?
A: Coal and sugar differ from one another because they contain different proportions of carbon and other elements.
For example, coal is about 85 percent carbon, whereas table sugar is about 42 percent carbon. Both coal and sugar
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also contain the elements hydrogen and oxygen but in different proportions. In addition, coal contains the elements
nitrogen and sulfur.

Periodic Table

Look at substances A–C in the photos above. They look very different from one another, but they have something
important in common. All three are elements , or pure substances. Can you identify which elements they are? For
ideas, listen to the amazing elements song at the URL below. The singer rapidly names all of the known elements
while pictures of the elements flash by. Even if the video doesn’t help you name the elements pictured above, it will
certainly impress you with the need to organize the large number of elements that have been discovered.
http://www.youtube.com/watch?v=DYW50F42ss8 (1:25)

The First

In the 1860s, a scientist named Dmitri Mendeleev also saw the need to organize the elements. He created a table in
which he arranged all of the elements by increasing atomic mass from left to right across each row. When he placed
eight elements in each row and then started again in the next row, each column of the table contained elements with
similar properties. He called the columns of elements groups. Mendeleev’s table is called a periodic table and the
rows are called periods. That’s because the table keeps repeating from row to row, and periodic means “repeating.”

The Modern Periodic Table

A periodic table is still used today to organize the elements. You can see a simple version of the modern periodic
table in the Figure below . The modern table is based on Mendeleev’s table, except the modern table arranges the
elements by increasing atomic number instead of atomic mass. Atomic number is the number of protons in an atom,
and this number is unique for each element. The modern table has more elements than Mendeleev’s table because
many elements have been discovered since Mendeleev’s time. You can explore an interactive version of the modern
periodic table at this URL: http://www.ptable.com/ .
185

5.4. Elements and the Periodic Table

www.ck12.org

FIGURE 5.17

Reading the Table

In the Figure above , each element is represented by its chemical symbol, which consists of one or two letters. The
first letter of the symbol is always written in upper case, and the second letter—if there is one—is always written in
lower case. For example, the symbol for copper is Cu. It stands for cuprum , which is the Latin word for copper.
The number above each symbol in the table is its unique atomic number . Notice how the atomic numbers increase
from left to right and from top to bottom in the table.
Q: Find the symbol for copper in the Figure above . What is its atomic number ? What does this number represent?
A: The atomic number of copper is 29. This number represents the number of protons in each atom of copper.
(Copper is the element that makes up the coil of wire in photo A of the opening sequence of photos.)

Periods of the Modern Periodic Table

Rows of the modern periodic table are called periods , as they are in Mendeleev’s table. From left to right across a
period, each element has one more proton than the element before it. Some periods in the modern periodic table are
longer than others. For example, period 1 contains only two elements: hydrogen (H) and helium (He). In contrast,
periods 6 and 7 are so long that many of their elements are placed below the main part of the table. They are the
elements starting with lanthanum (La) in period 6 and actinium (Ac) in period 7. Some elements in period 7 have not
yet been named. They are represented by temporary three-letter symbols, such as Uub. The number of each period
represents the number of energy levels that have electrons in them for atoms of each element in that period.
Q: Find calcium (Ca) in the Figure above . How many energy levels have electrons in them for atoms of calcium?
A: Calcium is in period 4, so its atoms have electrons in them for the first four energy levels.

Groups of the Modern Periodic Table

Columns of the modern table are called groups , as they are in Mendeleev’s table. However, the modern table
has many more groups—18 compared with just 8 in Mendeleev’s table. Elements in the same group have similar
properties. For example, all elements in group 18 are colorless, odorless gases , such as neon (Ne). (Neon is the
element inside the light in opening photo C.) In contrast, all elements in group 1 are very reactive solids . They react
explosively with water, as you can see in the video and Figure below .
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http://youtu.be/uixxJtJPVXk (2:22)

FIGURE 5.18

Classes of Elements

All elements can be classified in one of three classes: metals , metalloids , or nonmetals. Elements in each class
share certain basic properties. For example, elements in the metals class can conduct electricity, whereas elements
in the nonmetals class generally cannot. Elements in the metalloids class fall in between the metals and nonmetals
in their properties. An example of a metalloid is arsenic (As). (Arsenic is the element in opening photo B.) In the
periodic table above, elements are color coded to show their class. As you move from left to right across each period
of the table, the elements change from metals to metalloids to nonmetals.
Q: To which class of elements does copper (Cu) belong: metal, metalloid, or nonmetal? Identify three other elements
in this class.
A: In the Figure above , the cell for copper is colored blue. This means that copper belongs to the metals class.
Other elements in the metals class include iron (Fe), sodium (Na), and gold (Au). It is apparent from the table that
the majority of elements are metals.
You can see videos about all of the elements in the modern periodic table at the URL below. Choose an element
from each class and watch the video about it.
http://www.periodicvideos.com/index.htm
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How to tell Elements Apart?

Athletes wearing the same-colored jerseys are all on the same team. In addition, each player’s jersey has a unique
number to distinguish him from his teammates. Imagine how confusing it would be if members of both teams wore
the same-colored jerseys or all the members of a team had the same number on their jerseys. How could you tell the
athletes apart?

Telling Apart

It’s often useful to have ways to signify different people or objects like athletes on teams. The same is true of atom
s . It’s important to be able to distinguish atoms of one element from atoms of other elements . Elements are
pure substances that make up all other matter, so each one is given a unique name. The names of elements are also
represented by unique one- or two-letter symbols, such as H for hydrogen, C for carbon, and He for helium. You
can see other examples in the Figure below .
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FIGURE 5.19

Q: The table shown in the Figure above is called the periodic table of the elements . Each symbol stands for a
different element. What do you think the symbol K stands for?
A: The symbol K stands for the element potassium. The symbol comes from the Latin name for potassium, which
is kalium .
The symbols in the Figure above would be more useful if they revealed more information about the atoms they
represent. For example, it would be useful to know the numbers of protons and neutrons in the atoms. That’s where
atomic number and mass number come in.

Atomic Number

The number of protons in an atom is called its atomic number . This number is very important because it is unique
for atoms of a given element. All atoms of an element have the same number of protons , and every element has a
different number of protons in its atoms. For example, all helium atoms have two protons, and no other elements
have atoms with two protons. In the case of helium, the atomic number is 2. The atomic number and mass are
located around the atomic symbol, like in the Figure below for helium.Each periodic table is different, the sure way
to know which is that atomic number vs the atomic symbol is to know the atomic mass is always the larger of the
two numbers.

FIGURE 5.20

Atoms are neutral in electrical charge because they have the same number of negative electrons as positive protons.
Therefore, the atomic number of an atom also tells you how many electrons the atom has. This, in turn, determines
many of the atom’s properties.
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There is another number in the Figure above for helium. That number is the mass number , which is the mass of
the atom in a unit called the atomic mass unit (amu) . One atomic mass unit is the mass of a proton, or about 1.67
× 10 −27 kilograms, which is an extremely small mass. To better appreciate how small an atomic mass unit is, go
to this URL: http://www.colorado.edu/physics/2000/periodic_table/atomic_mass.html .
A neutron has just a tiny bit more mass than a proton, so its mass is often assumed to be one atomic mass unit as
well. Because electrons have virtually no mass, just about all the mass of an atom is in its protons and neutrons .
Therefore, the total number of protons and neutrons in an atom determines its mass in atomic mass units.
Consider helium again. Most helium atoms have two neutrons in addition to two protons. Therefore the mass
of most helium atoms is 4 atomic mass units (2 amu for the protons + 2 amu for the neutrons). However, some
helium atoms have more or less than two neutrons. Atoms with the same number of protons but different numbers
of neutrons are called isotopes . Because the number of neutrons can vary for a given element, the mass numbers of
different atoms of an element may also vary. For example, some helium atoms have three neutrons instead of two.
Therefore, they have a different mass number than the one given in the Figure above .
Q: What is the mass number of a helium atom that has three neutrons?
A: The mass number is the number of protons plus the number of neutrons. For helium atoms with three neutrons,
the mass number is 2 (protons) + 3 (neutrons) = 5.
Q: How would you represent this isotope of helium to show its atomic number and mass number?
A: You would represent it by the element’s symbol and both numbers, with the mass number on top and the atomic
number on the bottom:
5
2 He

Vocabulary

• atomic mass unit (amu) : SI unit for the mass of an atom, where 1 amu equals the mass of a proton (about
1.7 × 10 −24 grams).
• atomic number : Number of protons in an atom.
• mass number : Number of protons plus neutrons in an atom; equal to the atom’s mass in atomic mass units
(amu).
• atom: Smallest particle of an element that still has the element’s properties.
• element: Pure substance that cannot be separated into any other substances.
• group : Column of the periodic table, which contains elements with similar properties.
• period : Row of the periodic table that contains elements ranging from metals on the left to metalloids and to
nonmetals on the right.
• periodic table : Table of elements arranged by increasing atomic number (modern periodic table) or by
increasing atomic mass (Mendeleev’s periodic table).

Summary
• The modern periodic table is used to organize all the known elements. Elements are arranged in the table by
increasing atomic number.
• In the modern periodic table, each element is represented by its chemical symbol. The number above each
symbol is its atomic number. Atomic numbers increase from left to right and from top to bottom in the table.
• Rows of the periodic table are called periods. From left to right across a period, each element has one more
proton than the element before it.
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• Columns of the periodic table are called groups. Elements in the same group have similar properties.
• All elements can be classified in one of three classes: metals , metalloids , or nonmetals. Elements in each
class share certain basic properties. From left to right across each period of the periodic table, elements change
from metals to metalloids to nonmetals.
• An element is a pure substance that cannot be separated into any other substances. There are 92 naturally
occurring elements.
• Each element has a unique set of properties that is different from the set of properties of any other element.
• For about 2000 years, people accepted Aristotle’s idea that all matter is made up of just four elements: earth,
air, water, and fire. Starting about 500 years ago, scientists began discovering all of the elements that are
known today.
• The smallest particle of an element that still has the properties of that element is the atom. All the atoms of an
element are like one another, and are different from the atoms of all other elements.
At the following URL, choose any three elements and learn about their properties, history, and uses. Then create a
table comparing and contrasting the three elements.
http://www.webelements.com/
Explore More

Activity One :
Practice using the modern periodic table by playing the element math game at the URL below. Be sure to check your
answers. For any questions you answer incorrectly, click on the “Tell me more about...” tab to see where you went
wrong.
http://education.jlab.org/elementmath/
Activity Two:
Use the periodic table of the elements at the first URL below to fill in the blanks in the worksheet at the second URL.
• http://periodic.lanl.gov/index.shtml
• http://images.pcmac.org/SiSFiles/Schools/AL/BaldwinCounty/SpanishFortMiddle/Uploads/Forms/ANMNWo
rksheet.pdf
Review

1. What is the modern periodic table?
2. Compare and contrast the periods and groups of the modern periodic table.
3. In the modern periodic table in Figure above , find the element named lead (Pb). How many protons do
atoms of lead have? To which class of elements does lead belong?
4. Which groups of the modern periodic table contain elements that are classified as metalloids?
5. What is an element?
6. Why can an element be identified by its properties?
7. Explain why the following statement is either true or false: The idea that all matter consists of the elements
was first introduced a few hundred years ago.
8. How are atoms related to elements?
9. What is the atomic number of an atom? Why is this number important?
10. Describe the atomic mass unit. What does it represent and what does it equal?
11. The symbol below represents an isotope of helium. How many protons and neutrons does it have? 52 He
12. All carbon atoms have six protons. Most also have six neutrons, but some have seven or eight neutrons. What
is the mass number of a carbon isotope that has seven neutrons?
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5.5 States of Matter
• Define state of matter, and list states of matter.
• Identify state of matter as a physical property of matter.
• Contrast the three states of matter that are most common on Earth.

The striking blue walls in this photo are actually the sheer ice walls of a massive glacier. The glacier in the picture is
in Argentina, and the bluish water in the foreground is Lake Argentina. The photo represents an important concept
in physical science. Can you guess what it is?
Water, Water Everywhere

The photo above represents water in three common states of matter. States of matter are different phases in which
any given type of matter can exist. There are actually four well-known states of matter: solid, liquid, gas, and plasma.
Plasma isn’t represented in the iceberg photo, but the other three states of matter are. The iceberg itself consists of
water in the solid state, and the lake consists of water in the liquid state.
Q: Where is water in the gaseous state in the above photo?
A: You can’t see the gaseous water, but it’s there. It exists as water vapor in the air.
Q: Water is one of the few substances that commonly exist on Earth in more than one state. Many other substances
typically exist only in the solid, liquid, or gaseous state. Can you think of examples of matter that usually exists in
just one of these three states?
A: Just look around you and you will see many examples of matter that usually exists in the solid state. They include
soil, rock, wood, metal, glass, and plastic. Examples of matter that usually exist in the liquid state include cooking
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oil, gasoline, and mercury, which is the only metal that commonly exists as a liquid. Examples of matter that usually
exists in the gaseous state include oxygen and nitrogen, which are the chief gases in Earth’s atmosphere.

Phases Are Physical

A given kind of matter has the same chemical makeup and the same chemical properties regardless of its state. That’s
because state of matter is a physical property. As a result, when matter changes state, it doesn’t become a different
kind of substance. For example, water is still water whether it exists as ice, liquid water, or water vapor.

Properties of Solids, Liquids, and Gases

The most common states of matter on Earth are solids, liquids, and gases. How do these states of matter differ?
Their properties are contrasted in the Figure below. You can also watch videos about these three states of matter at
the following URLs.
http://www.youtube.com/watch?v=s-KvoVzukHo

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/641

http://www.youtube.com/watch?v=NO9OGeHgtBY

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/5071
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Solid State of Matter

What do you think this picture shows? Could it be a delicate glass sculpture created by a talented artist? It’s delicate
alright, but it’s not glass, nor was it created by an artist. It’s actually made of ice and it’s a work of nature. Now can
you guess what it is? It’s a snowflake, as viewed under a microscope.

Snowflakes and Other Solids

A snowflake is made of ice, or water in the solid state. A solid is one of four well-known states of matter . The
other three states are liquid, gas, and plasma . Compared with these other states of matter, solids have particles that
are much more tightly packed together. The particles are held rigidly in place by all the other particles around them
so they can’t slip past one another or move apart. This gives solids a fixed shape and a fixed volume.

Types of Solids

Not all solids are alike. Some are crystalline solids; others are amorphous solids. Snowflakes are crystalline solids.
Particles of crystalline solids are arranged in a regular repeating pattern, as you can see in the sketch in Figure below
. The repeating particles form a geometric shape called a crystal. You can watch a snowflake crystal forming at the
following URL: http://www.its.caltech.edu/~atomic/snowcrystals/movies/movies.htm . Another crystalline solid is
table salt (sodium chloride). Crystals of table salt are pictured in the Figure below .
194

www.ck12.org

Chapter 5. Properties of Matter

FIGURE 5.21

Amorphous means “shapeless.” Particles of amorphous solids are arranged more-or-less at random and do not form
crystals, as you can see in the Figure below . An example of an amorphous solid is cotton candy, also shown in the
Figure below .

FIGURE 5.22

Q: Look at the quartz rock and plastic bag pictured in the Figure below . Which type of solid do you think each of
them is?

FIGURE 5.23

A: The quartz is a crystalline solid. Rocks are made of minerals and minerals form crystals. You can see their
geometric shapes. The bag is an amorphous solid . It is made of the plastic and most plastics do not form crystals.
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FIGURE 5.24
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Liquid State of Matter

Colored by lights at night, an incredible amount of water plunges continuously over the sheer rock wall of Niagara
Falls. If you stand close to the falls, the roar of the water is almost deafening, and the rushing water drenches you
with spray. No wonder Niagara Falls was once named one of the seven natural wonders of the world! It’s amazing
how such a common substance—water—can be so impressive.

and Other Liquids

Water is the most common substance on Earth, and most of it exists in the liquid state. A liquid is one of four
well-known states of matter , along with solid, gas, and plasma states. The particles of liquids are in close contact
with each other but not as tightly packed as the particles in solids . The particles can slip past one another and take
the shape of their container. However, they cannot pull apart and spread out to take the volume of their container, as
particles of a gas can. If the volume of a liquid is less than the volume of its container, the top surface of the liquid
will be exposed to the air, like the vinegar in the bottle pictured in the Figure below .
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FIGURE 5.25

Q: Why does most water on Earth’s surface exist in a liquid state? In what other states does water exist on Earth?
A: Almost 97 percent of water on Earth’s surface is found as liquid salt water in the oceans. The temperature over
most of Earth’s surface is above the freezing point (0◦ C) of water, so relatively little water exists as ice. Even near
the poles, most of the water in the oceans is above the freezing point. And in very few places on Earth’s surface do
temperatures reach the boiling point (100◦ C) of water. Although water exists in the atmosphere in a gaseous state,
water vapor makes up less than 1 percent of Earth’s total water.
Q: The Figure 5.26 shows that a liquid takes the shape of its container. How could you demonstrate this?
A: You could put the same volume of liquid in containers with different shapes. This is illustrated below with a
beaker (left) and a graduated cylinder (right). The shape of the liquid in the beaker is short and wide like the beaker,
while the shape of the liquid in the graduated cylinder is tall and narrow like that container, but each container holds
the same volume of liquid.

FIGURE 5.26
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Gaseous State of Matter

A hiker pauses to view the impressive peak of Mount Everest, the tallest mountain in the world. At the top of Mount
Everest, the air is very thin. Climbers may need oxygen tanks to get enough oxygen to breathe, even though oxygen
is the second most plentiful gas in the atmosphere.

What Is a Gas?

A gas is one of four well-known states of matter . (The other three are solid, liquid, and plasma ). The particles of
a gas can pull apart from each other and spread out. As a result, a gas does not have a fixed shape or a fixed volume.
In fact, a gas always spreads out to take up whatever space is available to it. If a gas is enclosed in a container, it
spreads out until it has the same volume as the container.
Q: The sketches in the Figure below represent two identical sealed boxes that contain only air particles (represented
by dots). There are more air particles in box B than box A. Which box contains a greater volume of air?
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FIGURE 5.27

A: This is a trick question! The air inside each box expands to fill the available space, which is identical for both
boxes. There are more air particles in box B, but the volume of air is exactly the same in both boxes.

Pressure of Gases

Particles of gas are constantly moving in all directions at random. As a result, they are always bumping into each
other and other things. This is modeled in the Figure below . The force of the particles against things they bump
into creates pressure. Pressure is defined in physics as the amount of force pushing against a given area. How much
pressure a gas exerts depends on the number of gas particles in a given space and how fast they are moving. The
more gas particles there are and the faster they are moving, the greater the pressure they create. To learn more about
gas pressure and how to measure it, go to this URL: http://www.wisc-online.com/objects/ViewObject.aspx?ID=GC
H5004 .

FIGURE 5.28

Q: Look at box A and box B in the previous question. Is air pressure the same in both boxes? Why or why not?
A: Air pressure is greater in box B. That’s because there are more air particles in box B to bump into each other and
into the sides of the container. Therefore, the particles in box B exert more force on a given area.
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Pressure in the Atmosphere

We live in a “sea” of air called the atmosphere. Can you feel the air in the atmosphere pressing against you? Not
usually, but air actually exerts a lot of pressure because there’s so much of it. The atmosphere rises high above
Earth’s surface, so it contains a huge number of gas particles. Most of them are concentrated close to Earth’s surface
because of gravity and the weight of all the air in the atmosphere above them. As a result, air pressure is greatest at
sea level and drops rapidly as you go higher in altitude. The Figure below shows how air pressure falls from sea
level to the top of the atmosphere. In the graph, air pressure is measured in a unit called the millibar (mb). The SI
unit of pressure is newton per square centimeter (N/cm 2 ).

FIGURE 5.29

Q: The top of Mount Everest is almost 9 km above sea level. What is the pressure of the atmosphere at this altitude?
A: Air pressure at the top of Mount Everest is about 260 mb. This is only about 25 percent of air pressure at sea level,
which is 1013.2 mb. No wonder it’s hard for climbers to breathe when they get close to Mount Everest’s summit!

Plasma the 4th State of Matter

• Practice
• Resources
• Details
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This glowing sphere is matter in a particular state. You’re probably familiar with the states of matter most common
on Earth—solid, liquid, and gas . But the glowing sphere is a state of matter called plasma. The plasma ball pictured
above was made by humans, but plasma is also found in nature. In fact, plasma makes up most of the matter in the
universe .

What Is Plasma?

Plasma is a state of matter that resembles a gas but has certain properties that gases do not have. Like a gas, plasma
consists of particles of matter than can pull apart and spread out, so it lacks a fixed volume and a fixed shape. Unlike
a gas, plasma can conduct electricity and respond to a magnetic field. That’s because plasma consists of electrically
charged particles called ions , instead of uncharged particles such as atoms or molecules. This gives plasma other
interesting properties as well. For example, plasma glows with colored light when electricity passes through it. You
can learn more about plasma at this URL: http://www.youtube.com/watch?v=VkeSI_B5Ljc

Where Is Plasma Found?

The sun and other stars consist of plasma. Plasma is also found naturally in lightning and in the northern and
southern lights. If you’ve never seen these shimmering colorful lights in the winter night sky, the Figure below
shows what they can look like. Human-made plasmas are found in fluorescent lights, plasma TV screens, and plasma
spheres like the one pictured in the opening image.
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FIGURE 5.30

Q: Besides the northern lights, where are other examples of plasma in this picture?
A: The stars consist of plasma.
Q: What properties of plasma do you think explain why this state of matter is used in artificial lights?
A: Plasma consists of charged particles called ions , so it conducts electric current and glows when electricity passes
through it. These properties explain why plasma is used in artificial lights.

Summary

• Plasma is a state of matter that lacks a fixed volume and a fixed shape and consists of charged particles called
ions . Because it consists of charged particles, plasma can conduct electricity and respond to a magnetic field.
• The sun and other stars consist of plasma. Plasma is also found naturally in lightning and the northern and
southern lights. Human-made plasma is found in fluorescent lights, plasma TV screens, and plasma spheres.
• States of matter are different phases in which any given type of matter can exist. There are four well-known
states of matter—solid, liquid, gas, and plasma—but only the first three states are common on Earth.
• State of matter is a physical property of matter. A given kind of matter has the same chemical makeup and the
same chemical properties, regardless of state.
• Solids have a fixed volume and a fixed shape. Liquids have a fixed volume but take the shape of their container.
Gases take both the volume and the shape of their container.
• Gas is a state of matter in which particles of matter can pull apart from each other and spread out. As a result,
a gas does not have a fixed shape or a fixed volume.
• Gas particles are constantly moving and bumping into things, and this creates force. The amount of force
pushing against a given area is called pressure.
• The pressure of gases in the atmosphere is greatest at sea level and decreases rapidly as altitude increases.
• A solid is a state of matter in which particles of matter are tightly packed together. This holds the particles
rigidly in place and gives solids a fixed shape and fixed volume.
• Crystalline solids have particles that are arranged in a regular repeating pattern. They form crystals. Amorphous solids have particles that are arranged more-or-less at random. They do not form crystals.
• A liquid is a state of matter in which particles can slip past one another and take the shape of their container.
However, the particles cannot pull apart and spread out to take the volume of their container.
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Vocabulary

• plasma : State of matter lacking a fixed volume and fixed shape that contains ions so it can conduct electricity
and respond to magnetism.
• state of matter: Different phase (solid, liquid, gas, and plasma) in which matter can exist without the chemical
makeup of matter changing.
• solid : State of matter that has a fixed volume and fixed shape.
• liquid : State of matter that has a fixed volume but not a fixed shape.
Explore More

Activity One: Examine this sequence of photos in the Figure below , and then answer the questions below.

FIGURE 5.31

1. How does a balloon change as a child blows more air into it?
2. How does air cause this change in the balloon?
Activity Two: At the following URL, read the article about solids. Then answer the questions below.
http://www.chemistryexplained.com/Ru-Sp/Solid-State.html
1. According to the article, what is the only way the shape of a solid can be changed? Give an example.
2. Describe the analogy in the article in which crystalline and amorphous solids are compared to a classroom.
Activity Three: Use the following resource to answer the questions that follow.
• States of Matter at http://www.chem4kids.com/files/matter_states.html .
1. What happens when the temperature of a system increases?
2. What causes a phase change to a more active state?
3. How can a physical change be created?
Activity Four: Read the article about plasma at the following URL, and then answer the questions below.
http://www.chem4kids.com/files/matter_plasma.html
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1. How is plasma created and used in the neon sign in the Figure below ?

FIGURE 5.32

2. Explain why stars are made of plasma.

Review

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

What is plasma?
What are some properties of plasma?
Explain why plasma can conduct electricity and respond to magnetism.
Give examples of plasma in nature.
Define state of matter.
List four states of matter. Which states of matter are most common on Earth?
What type of property is state of matter? How could you demonstrate this?
Make a table comparing and contrasting solids, liquids, and gases.
What is a solid?
Why does a solid have a fixed shape and fixed volume?
Create a table comparing and contrasting crystalline and amorphous solids. Include an example of each type
of solid in your table.
Diamonds like the one pictured in the Figurebelow are the hardest of all minerals . Is a diamond a crystalline
or an amorphous solid ? How do you know?
What is a gas?
Why does a gas not have a fixed shape or a fixed volume?
Explain why a gas exerts force
What does pressure measure?
Air pressure affects how high a cake rises when it bakes. Directions for cake mixes often have special high
altitude instructions, like those on the label below. Explain why.
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Q: How could you show that a gas spreads out to take the volume as well as the shape of its container?
A: You could pump air into a bicycle tire. The tire would become firm all over as air molecules spread out to take
the shape of the tire and also to occupy the entire volume of the tire.
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5.6 Changes of State
• Define change of state.
• Identify processes that cause changes of state.
• Explain the role of energy in changes of state.

Both of these photos show the famous Golden Gate Bridge near San Francisco, California. The pictures were taken
from about the same point of view, but they look very different. In the picture on the left, the deck of the bridge is
almost completely hidden by a thick layer of fog. In the picture on the right the fog has disappeared, and the deck of
the bridge—as well as the water below it—is clearly visible. Fog consists of tiny droplets of liquid water. The fog
in the picture is like a cloud at ground level. Where did the fog come from, and where did it go?
What Are Changes of State?

The water droplets of fog form from water vapor in the air. Fog disappears when the water droplets change back to
water vapor. These changes are examples of changes of state. A change of state occurs whenever matter changes
from one state to another. Common states of matter on Earth are solid, liquid, and gas. Matter may change back and
forth between any two of these states.
Changes of state are physical changes in matter. They are reversible changes that do not change matter’s chemical
makeup or chemical properties. For example, when fog changes to water vapor, it is still water and can change back
to liquid water again.
Processes that Cause Changes of State

Several processes are involved in common changes of state. They include melting, freezing, sublimation, deposition,
condensation, and evaporation. The Figure 5.33 shows how matter changes in each of these processes.
Q: Which two processes result in matter changing to the solid state?
A: The processes are deposition, in which matter changes from a gas to a solid, and freezing, in which matter changes
from a liquid to a solid.
The Role of Energy in Changes of State

Suppose that you leave some squares of chocolate candy in the hot sun. A couple of hours later, you notice that the
chocolate has turned into a puddle like the one pictured in the Figure 5.34.
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FIGURE 5.33

FIGURE 5.34

Q: What happened to the chocolate?
A: The chocolate melted. It changed from a solid to a liquid.
In order for solid chocolate to melt and change to a liquid, the particles of chocolate must gain energy. The chocolate
pictured in the Figure 5.34 gained energy from sunlight. Energy is the ability to cause changes in matter, and it is
always involved in changes of state. When matter changes from one state to another, it either absorbs energy—as
when chocolate melts—or loses energy. For example, if you were to place the melted chocolate in a refrigerator, it
would lose energy to the cold air inside the refrigerator. As a result, the liquid chocolate would change to a solid
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again.
Q: Why is energy always involved in changes of state?
A: The energy of particles of matter determines the matter’s state. Particles of a gas have more energy than particles
of a liquid, and particles of a liquid have more energy than particles of a solid. Therefore, in order for matter to
change from a solid to a liquid or from a liquid to a gas, particles of matter must absorb energy. In order for matter
to change from a gas to a liquid or from a liquid to a solid, particles of matter must lose energy.

Freezing

The man in this photo is climbing a glacier. Ice climbing is a dangerous sport that should be attempted only by
highly experienced climbers. For one thing, ice is very slippery, which makes it harder than rock to grip. Clinging
to the slippery vertical surface takes strength, training, and the right equipment.

From Liquid to Solid

You don’t have to be an ice climber to enjoy ice. Skating and fishing are two other sports that are also done on ice.
What is ice? It’s simply water in the solid state. The process in which water or any other liquid changes to a solid is
called freezing . Freezing occurs when a liquid cools to a point at which its particles no longer have enough energy
to overcome the force of attraction between them. Instead, the particles remain in fixed positions, crowded closely
together, as shown in the Figure below .
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FIGURE 5.35

Freezing Point

The temperature at which a substance freezes is known as its freezing point. Freezing point is a physical property of
matter. The freezing point of pure water is 0◦ C. Below this temperature, water exists as ice. Above this temperature,
it exists as liquid water or water vapor. Many other substances have much lower or higher freezing points than
water. You can see some examples in the Table below . The freezing point of pure water is included in the table for
comparison.

TABLE 5.1: Freezing Points
Substance
Helium
Oxygen
Nitrogen
Pure Water
Lead
Iron
Carbon

Freezing Point (◦ C)
-272
-222
-210
0
328
1535
3500

Q: What trend do you see in this table?
A: Substances in the table with freezing points lower than water are gases . Substances in the table with freezing
points higher than water are solids .
Q: Sodium is a solid at room temperature . Given this information, what can you infer about its freezing point?
A: You can infer that the freezing point of sodium must be higher than room temperature , which is about 20◦ C. The
freezing point of sodium is actually 98◦ C.
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Melting

The fiery red-orange “river” flowing downhill in this photo isn’t water . It’s molten (melted) rock, and it’s erupting
from a volcano. Most rocks on Earth’s surface are solid objects. Why is the rock that erupts from a volcano in a
liquid state? How does rock change from a solid to a liquid?

From Solid to Liquid

The process in which rocks or other solids change to liquids is called melting. Melting occurs when particles of
a solid absorb enough energy to partly overcome the force of attraction holding them together. This allows them to
move out of their fixed positions and slip over one another. Melting, like other changes of state , is a physical cha
nge in matter, so it doesn’t change the chemical makeup or chemical properties of matter .
Q: The molten rock that erupts from a volcano comes from deep underground. How is this related to its liquid state?
A: It is always very hot deep underground where molten rock originates. The high temperatures give rock enough
energy to melt and remain in a molten state. Underground rock in this state is called magma.
Q: What happens to magma after it erupts and starts flowing over the surface of the ground?
A: After magma erupts, it is called lava. On the surface, lava eventually cools and hardens to form solid rock.
Other substances that are normally solids on Earth can also be heated until they melt. You can see an example in
the Figure below . The photo shows molten gold being poured into a mold. When the gold cools, it will harden
into a solid gold bar that has the same shape as the mold.
211

5.6. Changes of State

www.ck12.org

FIGURE 5.36

The temperature at which a substance melts is called its melting point . Melting point is a physical property of
matter. The gold pictured in the Figure above , for example, has a melting point of 1064◦ C. This is a high melting
point, and most other metals also have high melting points. The melting point of ice, in comparison, is much lower
at 0◦ C. Many substances have even lower melting points. For example, the melting point of oxygen is -222◦ C.
Melting and Global Climate Change

Because of global climate change , temperatures all over Earth are rising. However, the melting points of Earth’s
substances , including ice, are constant. The result? Glaciers are melting at an alarming rate. Melting glaciers
cause rising sea levels and the risk of dangerous river flooding on land. You can learn more about these effects of
melting at this URL: http://video.nationalgeographic.com/video/player/environment/global-warming-environment/
glacier-melt.html .

TABLE 5.2: Melting Points of Selected Metals and Alloys
Metal or Alloy
Iridium metal (pure)
Platinum metal (pure)
Platinum-iridium alloy (15% iridium)
Platinum-iridium alloy (10% iridium)
Platinum-iridium alloy (5% iridium)

Melting Point (◦ C)
2454
1773
1821
1788
1779

1. Based on the information in the table, what conclusion might you draw about the melting points of alloys
relative to the melting points of the metals they contain?
2. Bronze is another alloy. It is a mixture that contains mainly copper with some added tin. The melting point of
copper is 1084◦ C, and the melting point of tin is 232◦ C. What might be a reasonable prediction for the melting
point of bronze.
212

www.ck12.org

Chapter 5. Properties of Matter

Boiling

Why is steam rising from the spring in this picture? It’s because the water is boiling hot. The bubbles in the water
show that it is boiling. The water in the spring is hot enough to boil because it comes from an underground source
near hot molten rock.

All Steamed Up

Steam actually consists of tiny droplets of liquid water . What you can’t see in the picture is the water vapor that
is also present in the air above the spring. Water vapor is water in the gaseous state. It constantly rises up from the
surface of boiling hot water. Why? At high temperatures, particles of a liquid gain enough energy to completely
overcome the force of attraction between them, so they change to a gas. The gas forms bubbles that rise to the
surface of the liquid because gas is less dense than liquid. The bubbling up of the liquid is called boiling. When the
bubbles reach the surface, the gas escapes into the air. The entire process in which a liquid boils and changes to a
gas that escapes into the air is called vaporization . You can watch an animation of the process at this URL: http
://www.visionlearning.com/img/app/library/objects/Flash/VLObject-321-030317040343.swf
Q: Why does steam form over the hot spring pictured above?
A: Steam forms when some of the water vapor from the boiling water cools in the air and condenses to form droplets
of liquid water.

Vaporization vs. Evaporation

Vaporization is easily confused with evaporation , but the two processes are not the same. Evaporation also changes
a liquid to a gas, but it doesn’t involve boiling. Instead, evaporation occurs when particles at the surface of a liquid
gain enough energy to escape into the air. This happens without the liquid becoming hot enough to boil.
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Boiling Point

The temperature at which a substance boils and changes to a gas is called its boiling point. Boiling point is a
physical property of matter. The boiling point of pure water is 100◦ C. Other substances may have higher or lower
boiling points. Several examples are listed in the Table below . Pure water is included in the table for comparison.

TABLE 5.3: Boiling Points
Substance
Hydrogen
Nitrogen
Carbon dioxide
Ammonia
Pure water
Salty ocean water
Petroleum
Olive oil
Sodium chloride

Boiling Point (◦ C)
-253
-196
-79
-36
100
101
210
300
1413

Q: Assume you want to get the salt (sodium chloride) out of salt water. Based on information in the table, how could
you do it?
A: You could heat the salt water to 101◦ C. The water would boil and vaporize but the salt would not. Instead, the
salt would be left behind as solid particles.
Q: Oxygen is a gas at room temperature (20◦ C). What does this tell you about its boiling point?
A: The boiling point of oxygen must be lower than 20◦ C. Otherwise, it would be a liquid at room temperature .

Condensation

This beautiful beaded net is something very common in nature: a spider web. The “beads” on the spider web are
214

www.ck12.org

Chapter 5. Properties of Matter

actually drops of water . The drops of water are not raindrops, and they weren’t there on the previous day. Where
did they come from?

From Gas to Liquid

The drops of water on the spider web are dewdrops. They formed overnight when warm moist air came into contact
with the cooler spider web. Contact with the cooler web cooled the air. When air cools, it can hold less water
vapor, so some of the water vapor in the air changed to liquid water. The process in which water vapor—or another
gas—changes to a liquid is called condensation . Another common example of condensation is pictured in the
Figure below . You can read more about condensation at this URL: http://www.kidsgeo.com/geography-for-kid
s/0107-condensation.php

FIGURE 5.37

Dew Point

When air is very humid, it doesn’t have to cool very much for water vapor in the air to start condensing. The temp
erature at which condensation occurs is called the dew point. The dew point varies depending on air temperature
and moisture content. It is always less than or equal to the actual air temperature, but warmer air and moister air
have dew points closer to the actual air temperature. That’s why glasses of cold drinks “sweat” more on a hot, humid
day than they do on a cool, dry day. For more details on the dew point, read the short article at this URL: http://w
ww.kidsgeo.com/geography-for-kids/0108-dew-point.php
Q: What happens when air temperature reaches the dew point?
A: When air temperature reaches the dew point, water vapor starts condensing. It may form dew (as on the spider
web in the opening image), clouds , or fog . Dew forms on solid objects on the ground. Clouds form on tiny particles
in the air high above the ground. Fog is a cloud that forms on tiny particles in the air close to the ground.

Condensation and the Water Cycle

The water cycle continuously recycles Earth’s water. Condensation plays an important role in this cycle. Find
condensation in the water cycle Figure below . It changes water vapor in the atmosphere to liquid water that
can fall to Earth again. Without condensation, the water cycle would be interrupted and Earth’s water could not
recycle.
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FIGURE 5.38

Q: In the water cycle, what happens to water after it condenses?
A: After water condenses, it may form clouds that produce precipitation such as rain.

Sublimation

Rock bands often use special stage effects, like the fake fog in this picture. Real fog forms when water vapor in
the air condenses into tiny droplets of water. The fake fog shown here formed when solid carbon dioxide changed
directly to carbon dioxide gas.
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How Sublime!

Solid carbon dioxide is also called dry ice. That’s because when it gets warmer and changes state, it doesn’t change
to a liquid by melting . Instead, it changes directly to a gas without going through the liquid state. The process in
which a solid changes directly to a gas is called sublimation . It occurs when energy is added to a solid such as dry
ice. You can watch dry ice changing directly to a gas in the video at this URL: http://www.youtube.com/watch?v=J
8mDGwf-5x0 .
Q: Alyssa’s mom put some mothballs in her closet in the spring to keep moths away from her wool clothes. By
autumn, the mothballs were much smaller. What happened to them?
A: Mothballs are made of naphthalene, a substance that undergoes sublimation at room temperature . The solid
mothballs slowly changed to a gas during the summer months, explaining why they were much smaller by autumn.
Sublimation of Snow and Ice

Snow and ice may also undergo sublimation under certain conditions. This is most likely to happen where there
is intense sunlight, very cold temperatures, and dry winds. These conditions are often found on mountain peaks.
As snow sublimates, it gradually shrinks without any runoff of liquid water . At the URL below, you can watch a
time-lapse video showing sublimation of snow on the highest mountain in the Andes.
http://www.youtube.com/watch?v=7_p9LOTUIDQSummary
Summary

• The process in which water vapor or any other gas changes to a liquid is called condensation.
• The temperature at which condensation of water vapor occurs is called the dew point. The dew point varies
depending on air temperature and moisture content.
• Condensation plays an important role in the water cycle. Without it, Earth’s water could not recycle.
• Vaporization is the process in which a liquid boils and changes to a gas.
• Vaporization is easily confused with evaporation, but evaporation doesn’t involve boiling.
• The temperature at which a liquid boils and starts changing to a gas is called its boiling point. The boiling
point of pure water is 100◦ C.
• Melting occurs when particles of a solid absorb enough energy to partly overcome the force of attraction
holding them together. This allows them to move out of their fixed positions and slip over one another,
forming a liquid.
• The temperature at which a substance melts is called its melting point.
• Freezing is the process in which a liquid changes to a solid. It occurs when a liquid cools to a point at which
its particles no longer have enough energy to overcome the force of attraction between them.
• The freezing point of a substance is the temperature at which it freezes. The freezing point of pure water is
0◦ C.
• Sublimation is the process in which a solid changes directly to a gas without going through the liquid state.
Solid carbon dioxide is an example of a substance that undergoes sublimation.
• Snow and ice undergo sublimation under certain conditions. This is most likely to happen where there is
intense sunlight, very cold temperatures, and dry winds.
• A change of state occurs whenever matter changes from one state to another. Changes of state are physical
changes in matter. They are reversible changes that do not change matter’s chemical makeup or chemical
properties.
• Processes involved in changes of state include melting, freezing, sublimation, deposition, condensation, and
evaporation.
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• Energy is always involved in changes of state. Particles of matter either absorb or lose energy when matter
changes from one state to another.
Vocabulary

•
•
•
•
•

freezing : Process in which a liquid changes to a solid.
sublimation : Process in which a solid changes directly to a gas without going through the liquid state.
condensation : Process in which a gas changes to a liquid.
vaporization: Process in which a liquid boils and changes to a gas.
melting : Process in which a solid changes to a liquid.

Explore More

Activity 1: Road crews put salt on icy roads, and salt is also used to make ice cream. Do you know why? Read the
article at the following URL to find out, and then answer the questions below.
http://science.howstuffworks.com/nature/climate-weather/atmospheric/road-salt.htm
1. Describe how salt melts road ice.
2. Make a table, using data in the article, to show how adding salt to water changes its freezing point.
3. Explain why salt is used to make ice cream.
Activity 2: Read the short article about sublimation at the following URL. Be sure to examine the two graphs
comparing changes of state in water and carbon dioxide. Then answer the questions below.
http://astronomy.swin.edu.au/cms/astro/cosmos/s/Sublimation
1. How is air pressure related to the sublimation of solids ?
2. Other than on Earth, name two places in the solar system where sublimation occurs.
3. At normal sea level pressure on Earth, at what temperature does solid carbon dioxide sublimate?
Activity 3: An alloy is a mixture of a metal with one or more other substances. The following Table below lists
melting points of two metals and three alloys that they form together. .
Activity 4: Read about boiling at the following URL, and then answer the questions below.
http://www.chem.purdue.edu/gchelp/liquids/boil.html
1. Name two factors that affect the boiling point of a substance.
2. Compared with the molecules of many other substances , molecules of water are strongly attracted to each
other. How is this likely to affect the boiling point of water?
Activity 5: Take the changing states quiz at the following URL. Be sure to check your answers.
http://www.bbc.co.uk/bitesize/ks2/science/materials/changing_states/quiz/q69393075/
Review

1.
2.
3.
4.
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Define freezing.
What happens to the particles of matter when it changes from a liquid to a solid?
What is the freezing point of a substance? What is the freezing point of water?
Adding antifreeze to water lowers its freezing point. Based on this statement, what can you infer about the
freezing point of antifreeze?
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What is vaporization?
Outline how vaporization occurs.
Make a table comparing and contrasting vaporization and evaporation.
Define boiling point. What is the boiling point of pure water?
Suppose you place an aluminum pot containing water over the flame on a stovetop. Before long, the water
starts boiling and turning to water vapor. The pot becomes very hot but otherwise appears to be unchanged by
the increase in temperature. Based on these observations, what can you conclude about the boiling point of
aluminum?
Define melting.
What happens to particles of matter when it changes from a solid to a liquid?
What is the melting point of a substance? What is the melting point of ice?
What is condensation? Give an example.
Define dew point. What factors influence dew point?
In the water cycle, how does water vapor in the atmosphere change to liquid water on the ground?
What is sublimation? Give an example.
Describe conditions under which snow or ice is most likely to undergo sublimation.
The plastic container pictured in the Figure below is filled with solid air freshener. The solid gradually
shrinks after the holes in the top of the container are opened. Explain why this occurs.
Define change of state, and give an example.
Identify processes that change matter to a liquid state.
Why must energy be absorbed to change a liquid to a gas?

219

5.6. Changes of State

www.ck12.org

FIGURE 5.39
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5.7 Introduction to Chemical Reactions
Introduction

No doubt you’ve seen changes like those pictured in Figure 5.40. What do all these changes have in common? They
are all chemical changes in matter. In a chemical change, matter changes into a different substance with different
properties. Chemical changes occur because of chemical reactions. You can see more examples of chemical changes
at this URL: http://www.youtube.com/watch?v=66kuhJkQCVM (2:05).

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/201

FIGURE 5.40
Each of these pictures shows a chemical
change taking place.

What Is a Chemical Reaction?

A chemical reaction is a process in which some substances change into different substances. Substances that start a
chemical reaction are called reactants. Substances that are produced in the reaction are called products. Reactants
and products can be elements or compounds. A chemical reaction can be represented by this general equation:
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Reactants → Products
The arrow (→) shows the direction in which the reaction occurs. The reaction may occur quickly or slowly. For
example, foam shoots out of a fire extinguisher as soon as the lever is pressed. But it might take years for metal to
rust.

Breaking and Reforming Chemical Bonds

In chemical reactions, bonds break in the reactants and new bonds form in the products. The reactants and products contain the same atoms, but they are rearranged during the reaction. As a result, the atoms are in different
combinations in the products than they were in the reactants.
Look at the example in Figure 5.41. It shows how water forms. Bonds break in molecules of hydrogen and oxygen.
Then new bonds form in molecules of water. In both reactants and products, there are four hydrogen atoms and two
oxygen atoms. But the atoms are combined differently in water. You can see another example at this URL: http://w
ww.avogadro.co.uk/h_and_s/bondenthalpy/bondenthalpy.htm .

FIGURE 5.41
A chemical reaction changes hydrogen
and oxygen to water.

Reaction Direction and Equilibrium

The arrow in Figure 5.41 shows that the reaction goes from left to right, from hydrogen and oxygen to water. The
reaction can also go in the reverse direction. If an electric current passes through water, water molecules break down
into molecules of hydrogen and oxygen. This reaction would be represented by a right-to-left arrow (←) in Figure
5.41.
Many other reactions can also go in both forward and reverse directions. Often, a point is reached at which the
forward and reverse reactions occur at the same rate. When this happens, there is no overall change in the amount of
reactants and products. This point is called equilibrium, which refers to a balance between any opposing changes.
You can see an animation of a chemical reaction reaching equilibrium at this URL: http://www.tutorvista.com/co
ntent/chemistry/chemistry-ii/chemical-equilibrium/chemical-equilibrium-animation.php .
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Evidence of Chemical Reactions

Not all changes in matter involve chemical reactions. For example, there are no chemical reactions involved in
changes of state. When liquid water freezes or evaporates, it is still water. No bonds are broken and no new products
are formed.
How can you tell whether a change in matter involves a chemical reaction? Often, there is evidence. Four common
signs that a chemical reaction has occurred are:
•
•
•
•

Change in color: the products are a different color than the reactants.
Change in temperature: heat is released or absorbed during the reaction.
Production of a gas: gas bubbles are released during the reaction.
Production of a solid: a solid settles out of a liquid solution. The solid is called a precipitate.

You can see examples of each type of evidence in Figure 5.42 and at this URL: http://www.youtube.com/watch?v=g
s0j1EZJ1Uc (9:57).

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/5070

FIGURE 5.42
Can you think of other examples of
changes like these? If so, they probably
indicate that a chemical reaction has occurred.

223

5.7. Introduction to Chemical Reactions

www.ck12.org

Lesson Summary

• A chemical reaction is a process in which some substances change into different substances. In a chemical
reaction, bonds break in reactants and new bonds form in products.
• Evidence that a chemical reaction has occurred include a change in color, a change in temperature, the
production of a gas, or the formation of a precipitate.
Lesson Vocabulary

• chemical reaction- process by which a molecule or compounds are made or broken apart, usually requiring
some form of energy to be used.
• equilibrium- When the reactants are equal to the products (Law of Conservation).
• product- these are the end result of a chemical reaction. (found the right of the arrow)
• reactant-these are like the ingredients in a recipe, these go into the reaction. (found on the left of the arrow)
Review Questions

1.
2.
3.
4.
5.
6.
7.
8.

Define chemical reaction.
What are the reactants and products in a chemical reaction?
Describe what happens to the atoms involved in a chemical reaction.
List four common signs that a chemical reaction has occurred.
Describe how chemical reactions occur.
List signs that a chemical reaction has occurred.
Describe how chemical reactions occur.
List signs that a chemical reaction has occurred.

Explore More

1. Tina made a "volcano" by pouring vinegar over a "mountain" of baking soda. The wet baking soda bubbled
and foamed. Did a chemical reaction occur? How do you know?
2. Explain the meaning of the term "equilibrium" as it applies to a chemical reaction. How can you tell when a
chemical reaction has reached equilibrium?
3. In Figure above , you saw how hydrogen and oxygen combine chemically to form water.
• How could you use chemical symbols and formulas to represent this reaction?
• How many molecules of hydrogen and oxygen are involved in this reaction? How many molecules of water
are produced? How could you include these numbers in your representation of the reaction?
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5.8 Chemical Equations

Introduction

Chemists use a standard method to represent chemical reactions. It includes chemical symbols and formulas to stand
for reactants and products. The symbols and formulas are used to write chemical equations.
Writing Chemical Equations

A chemical equation is a symbolic representation of a chemical reaction. It is a shorthand way of showing how
atoms are rearranged in the reaction. The general form of a chemical equation was introduced in this chapter’s lesson
"Introduction to Chemical Reactions." It is:

Reactants → Products
Consider the simple example in Figure 5.43. When carbon (C) reacts with oxygen (O2 ), it produces carbon dioxide
(CO2 ). The chemical equation for this reaction is:

C + O2 → CO2
The reactants are one atom of carbon and one molecule of oxygen. When there is more than one reactant, they are
separated by plus signs (+). The product is one molecule of carbon dioxide. If more than one product were produced,
plus signs would be used between them as well.
FIGURE 5.43
This figure shows a common chemical
reaction. The drawing below the equation
shows how the atoms are rearranged in
the reaction. What chemical bonds are
broken and what new chemical bonds are
formed in this reaction?

Balancing Chemical Equations

Some chemical equations are more challenging to write. Consider the reaction in which hydrogen (H2 ) and oxygen
(O2 ) combine to form water (H2 O). Hydrogen and oxygen are the reactants, and water is the product. To write a
chemical equation for this reaction, you would start by writing symbols for the reactants and products:
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Equation 1: H2 + O2 → H2 O
Like equations in math, equations in chemistry must balance. There must be the same number of each type of atom
in the products as there is in the reactants. In equation 1, count the number of hydrogen and oxygen atoms on each
side of the arrow. There are two hydrogen atoms in both reactants and products. There are two oxygen atoms in the
reactants but only one in the product. Therefore, equation 1 is not balanced.
Using Coefficients

Coefficients are used to balance chemical equations. A coefficient is a number placed in front of a chemical symbol
or formula. It shows how many atoms or molecules of the substance are involved in the reaction. For example, two
molecules of hydrogen would be written as 2H2 . A coefficient of 1 usually isn’t written.
Coefficients can be used to balance equation 1 (above) as follows:
Equation 2: 2H2 + O2 → 2H2 O
Equation 2 shows that two molecules of hydrogen react with one molecule of oxygen to produce two molecules of
water. The two molecules of hydrogen each contain two hydrogen atoms. There are now four hydrogen atoms in
both reactants and products. Is equation 2 balanced? Count the oxygen atoms to find out.
Steps in Balancing a Chemical Equation

Balancing a chemical equation involves a certain amount of trial and error. In general, however, you should follow
these steps:
1. Count the number of each type of atom in reactants and products. Does the same number of each atom appear
on both sides of the arrow? If not, the equation is not balanced, and you need to go to step 2.
2. Add coefficients to increase the number of atoms or molecules of reactants or products. Use the smallest
coefficients possible.
3. Repeat steps 1 and 2 until the equation is balanced.
Helpful Hint
When you balance chemical equations, never change the subscripts in chemical formulas. Changing subscripts
changes the substances involved in the reaction. Change only the coefficients.
Work through the Problem Solving examples below. Then do the You Try It! problems to check your understanding. If you need more help, go to this URL: http://www.youtube.com/watch?v=RnGu3xO2h74 (14:28).

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/5087

Problem Solving
Problem: Balance this chemical equation: N2 + H2 → NH3
Hints for balancing
1. Two N are needed in the products to match the two N (N2 ) in the reactants. Add the coefficient 2 in front of
NH3 . Now N is balanced.
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2. Six H are now needed in the reactants to match the six H in the products. Add the coefficient 3 in front of H2 .
Now H is balanced.
Solution: N2 + 3H2 → 2NH3
Problem: Balance this chemical equation: CH4 + O2 → CO2 + H2 O
Solution: CH4 + 2O2 → CO2 + 2H2 O
You Try It!
Problem: Balance these chemical equations:

Zn + HCl → ZnCl2 + H2
Cu + O2 → CuO
Conserving Mass

If you build a campfire like this one, you start with a big pile of logs. As the fire burns, the pile of logs slowly
shrinks. By the end of the evening, all that’s left is a small pile of ashes. What happened to the matter that you
started with? Was it destroyed by the fire?
Where’s the Matter?

It may seem as though burning destroys matter, but the same amount, or mass, of matter still exists after a campfire
as before. Look at the sketch in Figure below . It shows that when wood burns, it combines with oxygen and
changes not only to ashes but also to carbon dioxide and water vapor. The gases float off into the air, leaving behind
just the ashes. Suppose you had measured the mass of the wood before it burned and the mass of the ashes after it
burned. Also suppose you had been able to measure the oxygen used by the fire and the gases produced by the fire.
227

5.8. Chemical Equations

www.ck12.org

What would you find? The total mass of matter after the fire would be the same as the total mass of matter before
the fire.

FIGURE 5.44

Q: What can you infer from this example?
A: You can infer that burning does not destroy matter. It just changes matter into different substances.

Law of Conservation of Mass

This burning campfire example illustrates a very important law in science: the law of conservation of mass. This
law states that matter cannot be created or destroyed. Even when matter goes through a physical or chemical change,
the total mass of matter always remains the same.
Q: How could you show that the mass of matter remains the same when matter changes state?
A: You could find the mass of a quantity of liquid water. Then you could freeze the water and find the mass of the
ice. The mass before and after freezing would be the same, showing that mass is conserved when matter changes
state.

More on Conservation of Matter/Mass

Why must chemical equations be balanced? It’s the law! Matter cannot be created or destroyed in chemical reactions.
This is the law of conservation of mass. In every chemical reaction, the same mass of matter must end up in the
products as started in the reactants. Balanced chemical equations show that mass is conserved in chemical reactions.
How do scientists know that mass is always conserved in chemical reactions? Careful experiments in the 1700s by a
French chemist named Antoine Lavoisier led to this conclusion. For this and other contributions, Lavoisier has been
called the father of modern chemistry.
Lavoisier carefully measured the mass of reactants and products in many different chemical reactions. He carried
out the reactions inside a sealed jar, like the one in Figure 5.45. As a result, any gases involved in the reactions
were captured and could be measured. In every case, the total mass of the jar and its contents was the same after
the reaction as it was before the reaction took place. This showed that matter was neither created nor destroyed
in the reactions. Another outcome of Lavoisier’s research was his discovery of oxygen. You can learn more about
Lavoisier and his important research at: http://www.youtube.com/watch?v=x9iZq3ZxbO8

Lesson Summary

• A chemical equation is a symbolic representation of a chemical reaction. It shows how atoms are rearranged
in the reaction.
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FIGURE 5.45
Lavoisier carried out several experiments inside a sealed glass jar. Why
was sealing the jar important for his results?

• Equations in chemistry must balance. There must be the same number of each type of atom in the products as
there is in the reactants. Coefficients are used to balance chemical equations. They show how many atoms or
molecules of a substance are involved in a reaction.
• Chemical equations must be balanced because matter cannot be created or destroyed. This is the law of
conservation of mass. Experiments by Antoine Lavoisier led to this law.
• Burning and other changes in matter do not destroy matter. The mass of matter is always the same before and
after the changes occur.
• The law of conservation of mass states that matter cannot be created or destroyed.
Vocabulary

•
•
•
•
•

Law of conservation of mass: Law stating that matter cannot be created or destroyed in chemical reactions.
Chemical equation: a written model demonstrating the reaction between the reactants and products.
Products: the outcome of the chemical reaction. (on the right side of arrow)
Reactants: the "ingredients" that go into the chemical reaction. (on the left side of arrow)
Conservation of Matter/Mass: states matter can not be created or destroyed. What you start with you end with.

Going Further

In this lesson, you saw examples of chemical reactions in which two reactants combine to yield a single product.
This is called a synthesis reaction. It is just one type of chemical reaction.
• What might be other types of chemical reactions?
• How might one reactant produce more than one product?
Review Questions

1. What is a chemical equation? Give an example.
2. What is a coefficient? How are coefficients used in chemistry?
3. Describe how Antoine Lavoisier showed matter is conserved in chemical reactions.
4. Draw a sketch that shows how atoms are rearranged in the chemical reaction represented by equation 2.
5. Balance this chemical equation: Hg + O2 → HgO.
6. Explain why it is necessary to balance chemical equations.
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Chapter 6. Energy Origins and Transformations

6.1 Potential and Kinetic Energy
•
•
•
•

Define potential energy.
Describe gravitational and elastic potential energy.
Define kinetic energy.
Describe the relationship between potential and kinetic energy.

This diver has just jumped up from the end of the diving board. After she dives down and is falling toward the water,
she’ll have kinetic energy, or the energy of moving matter. But even as she is momentarily stopped high above the
water, she has energy. Do you know why?

Stored Energy

The diver has energy because of her position high above the pool. The type of energy she has is called potential
energy. Potential energy is energy that is stored in a person or object. Often, the person or object has potential
energy because of its position or shape.
Q: What is it about the diver’s position that gives her potential energy?
A: When the diver is high above the water, she has the potential to fall toward Earth because of gravity. This gives
her potential energy.
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Gravitational Potential Energy

Potential energy due to the position of an object above Earth’s surface is called gravitational potential energy.
Like the diver on the diving board, anything that is raised up above Earth’s surface has the potential to fall. You
can see another example of people with gravitational potential energy in the Figure 6.1. For an entertaining cartoon
introduction to gravitational potential energy, watch video #10 at this URL: http://www.animatedscience.co.uk/flv/

FIGURE 6.1

Elastic Potential Energy

Potential energy due to an object’s shape is called elastic potential energy. This energy results when an elastic
object is stretched or compressed. The more the object is stretched or compressed, the more potential energy it will
have. A point will be reached when the object can’t be stretched or compressed any more. Then it will forcefully
return to its original shape.

FIGURE 6.2

Look at the pogo stick in the Figure a bove. Its spring has elastic potential energy when it is pressed down by the
boy’s weight. When it can’t be compressed any more, it will spring back to its original shape. The energy it releases
will push the pogo stick—and the boy—off the ground. You can see how a pogo stick spring compresses and then
returns to its original shape in the animation at this URL:
http://en.wikipedia.org/wiki/File:Pogoanim.gif
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FIGURE 6.3

Q: The boy in the Figure above is giving the elastic band of his slingshot potential energy by stretching it. He’s
holding a small stone against the stretched band. What will happen when he releases the band?
A: The elastic band will spring back to its original shape. When that happens, watch out! Some of the band’s elastic
potential energy will be transferred to the stone, which will go flying through the air.

FIGURE 6.4

What could these four pictures possibly have in common? Can you guess what it is? All of them show things that
have kinetic energy.

Kinetic Energy

Kinetic energy is the energy of moving matter. Anything that is moving has kinetic energy- from atoms is matter
to planets in outer space. Things with kinetic energy can do work. For example, the spinning saw blade in the
photo above is doing the work of cutting through a piece of metal. The amount of energy an object has depends
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on its mass and velocity. The heavier a thing is, and the faster it moves, the more kinetic energy it has. Try
answering the questions at Braingenie- http://braingenie.ck12.org/skills/103823 to see how well you understand
kinetic energy.

Comparing Potential and Kinetic Energy

The movement of a roller coaster provides a good example of how potential and kinetic energy are related. The
coaster gains potential as it travels up the track. It has the most potential at the top of the track. As the coaster
travels down the track, it gains speed and kinetic energy. While the coaster is gaining kinetic energy, it is losing
potential energy. The coaster has the most kinetic energy and speed as it reaches the bottom of the track, but at
this point, it has the least potential energy. Go to the following link to view a simulation of the transfer of potential
and kinetic energy: http://science.howstuffworks.com/engineering/structural/roller-coaster3.htm . Notice how the
roller coaster’s total energy (kinetic energy + potential energy) does not change. Other fun examples of energy
changing from potential to kinetic energy can be observed with playground equipment, such as slides, swings, and
trampolines.

FIGURE 6.5

This video from NBC Learns: http://www.nbclearn.com/nhl/cuecard/56603 to gain insight about how hockey players rely on the transfer of potential to kinetic energy to get their best shots.

Summary

• Potential energy is energy that is stored in a person or object.
• Gravitational potential energy is due to the position of an object above Earth’s surface. The object has the
potential to fall due to gravity. Gravitational potential energy depends on an object’s weight and its height
above the ground.
• Elastic potential energy is due to an object’s shape. It results when an elastic object is stretched or compressed.
The more it is stretched or compressed, the more elastic potential energy it will have.
• Chemical energy and nuclear energy are other forms of potential energy.
236

www.ck12.org

Chapter 6. Energy Origins and Transformations

FIGURE 6.6

Vocabulary

•
•
•
•
•
•

elastic potential energy: Energy an object has due to its shape (stretched or compressed)
gravitational potential energy: Energy an object has due to its position above Earth’s surface
kinetic energy: Energy of moving matter
mass: Amount of matter in an object
potential energy: Stored energy an object has because of its position or shape.
velocity: Rate of motion in a certain direction

Explore More

Explore the animation at the following URL, and then answer the questions below.
http://www.classzone.com/books/ml_science_share/vis_sim/mem05_pg69_potential/mem05_pg69_potential.html

1. Which paint can has greater potential energy after the painter carries it up the ladder? Why is this can’s
potential energy greater?
2. How could the painter give the other can more potential energy?
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Review

1.
2.
3.
4.
5.

What is potential energy?
Compare and contrast gravitational and elastic potential energy, and give an example of each.
Why does food have potential energy?
What is kinetic energy?
The kinetic energy of a moving object depends on its mass and its
1.
2.
3.
4.
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6.2 Forms of Energy
• Identify and describe different forms of energy.
• Give examples of energy changing from one form to another.

This musician’s electric guitar wails at a concert, as colored lights wash over the band. It’s hot on stage because of
the lights, but they really add to the show. The fans are thrilled and screaming with excitement. The exciting concert
wouldn’t be possible without several different forms of energy. Do you know what they are?
Introducing Forms of Energy

Energy, or the ability to cause changes in matter, can exist in many different forms. Energy can also change from
one form to another. The photo above of the guitar player represents six forms of energy: mechanical, chemical,
electrical, light, thermal, and sound energy. Another form of energy is nuclear energy. For an introduction to all of
these forms of energy, watch this video: http://www.youtube.com/watch?v=MZWICeFsNy0 (8:25).

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/125139

Can you find the six different forms of energy in the photo of the guitar player (See opening image)? The guitarist
uses mechanical energy to pluck the strings of the guitar. He gets the energy he needs to perform from chemical
energy in food he ate earlier in the day. The stage lights use electrical energy, which they change to light energy and
thermal energy (commonly called heat). The guitar produces sound energy when the guitarist plucks the strings.
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Seven Forms of Energy

The different forms of energy are defined and illustrated below. For an interactive animation about different forms
of energy, visit this URL: http://blip.tv/gatm/different-types-of-energy-647820 .
1. Mechanical energy is the energy of movement. It is found in objects that are moving or have the potential to
move.

FIGURE 6.7
This drummer has mechanical energy as
he moves the drumsticks to hit the drums
and cymbals.

The moving drumsticks

also have mechanical energy, but they
would have mechanical energy even if
they weren’t moving. That’s because they
have the potential to fall when the drummer is holding them above the floor. This
potential energy is due to gravity.

2. Chemical energy is energy that is stored in the bonds between the atoms of compounds. If the bonds are broken,
the energy is released and can be converted to other forms of energy.

FIGURE 6.8
This portable guitar amplifier can run on
batteries. Batteries store chemical energy
and change it to electrical energy.

3. Electrical energy is the energy of moving electrons. Electrons flow through wires to create electric current.
4. Radiant Energy is energy possessed by vibrating particles from the sun, creating waves that travel through space
and time. The lights flooding the stage in the Figure 6.9 provide an example of a form of radiant energy, called
electromagnetic radiation. Other types of electromagnetic radiation include radio waves, microwaves, X rays, and
gamma rays. Here is a link that provides more information about radiant energy: Education Portal- What is Ra
diant Energy
5. Thermal energy is the energy of moving atoms of matter. All matter has thermal energy because atoms of all
matter are constantly moving. An object with more mass has greater thermal energy than an object with less mass
because it has more atoms.
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FIGURE 6.9
The bright lights on this stage use electrical energy.

They are wired into the

electrical system of the of the hall. The
guitars and microphone also use electrical energy.

You can see the electrical

cords running from them to the outlet on
the floor below the musicians.

FIGURE 6.10
Why is this jogger sweating so much? His
sweat is soaking up his shirt because he
has so much thermal energy. Jogging is
hot work because of the heat from the sun
and the hard work he puts into his run.
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6. Sound energy is a form of mechanical energy that starts with a vibration in matter. For example, the singer’s voice
starts with vibrations of his vocal cords, which are folds of tissue in his throat. The vibrations pass to surrounding
particles of matter and then from one particle to another in waves. Sound waves can travel through air, water, and
other substances, but not through empty space.
7. Nuclear energy is energy that is stored in the nuclei of atoms because of the strong forces that hold the nucleus
together. The energy can be released in nuclear power plants by splitting nuclei apart. It is also released when
unstable (radioactive) nuclei break down, or decay.
Fans at a rock concert also produce or use several forms of energy. They see the concert because of electromagnetic
energy (light) that enters their eyes from the well-lit musicians on stage. They hear the music because of the sound
energy that reaches their ears from the amplifiers. They use mechanical energy when they clap their hands and jump
from their seats in excitement. Their bodies generate thermal energy, using the chemical energy stored in food they
have eaten.

Energy Transformation

A rock concert requires a great deal of electrical energy. Most electrical energy comes from the burning of fossil
fuels, which contain stored chemical energy. When fossil fuels are burned, the chemical energy changes to thermal
energy and the thermal energy is then used to generate electrical energy. These are all examples of energy transformation. Energy transformation is the process in which one kind of energy changes into another kind. When energy
changes in this way, the energy isn’t used up or lost. The same amount of energy exists after the transformation as
before. Energy transformation obeys the law of conservation of energy, which states that energy cannot be created or
destroyed. Often, one form of energy changes into two or more different forms. For example, the popcorn machine
below changes electrical energy to thermal energy. The thermal energy, in turn, changes to both mechanical energy
and sound energy.
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FIGURE 6.11

You can see other examples of energy changing from one form to another by checking out this site: The Secret L
ives of Energy : http://learn.fi.edu/guide/hughes/energychangeex.html
Summary

•
•
•
•

Energy, or the ability to cause changes in matter, can exist in many different forms.
Energy can also change from one form to another.
Energy is not lost or used up when it changes into another form.
Forms of energy include mechanical, chemical, electrical, electromagnetic, thermal, sound, and nuclear energy.

Vocabulary

• chemical energy: energy stored in the chemical bonds of a substance that can be released when the substance
reacts
• electrical energy: Energy of moving electrons
• energy: Ability to do work or cause a change
243

6.2. Forms of Energy

www.ck12.org

• energy transformation: The process in which one kind of energy changes into another kind of energy.
• mechanical energy: Sum of an object’s kinetic energy and potential energy
• nuclear energy: Form of energy associated with changes in the nucleus of an atom when it splits (fission) or
comes together (fusion)
• radiant energy (light): Energy produced by vibrations of electrically charged particles
• sound energy: energy caused by an object’s vibrations
• thermal energy: energy related to particle motion

Explore More

Check your knowledge of forms of energy with the game at this URL: http://player.discoveryeducation.com/views/h
hView.cfm?guidAssetId=85592183-A6EE-42A8-8CFC-201BDE51DF1A%26skin=siemens

Review

1. Make a table of forms of energy. In your table, list and define five of the seven forms of energy described in
this article. Include an example of each form.
2. Identify three different forms of energy represented by the Figurebelow

FIGURE 6.12
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6.3 Light
•
•
•
•

Identify electromagnetic waves that are commonly called light.
Describe infrared light and its sources.
Distinguish visible light from other wavelengths of light.
Describe ultraviolet light, and explain why it is dangerous.

Slip! Slap! Slop! Did you ever hear this slogan? It stands for slip on a shirt, slap on a hat, and slop on some
sunscreen. The slogan originated in Australia in the 1980s, but it has since been adopted in many other places
around the globe. It sums up simple steps you can take to protect your skin from sunlight. Sunlight consists of a
wide range of electromagnetic waves, some of which are harmful.
The Waves in Sunlight

Electromagnetic waves are waves that carry energy through matter or space as vibrating electric and magnetic fields.
Electromagnetic waves have a wide range of wavelengths and frequencies. Sunlight contains the complete range of
wavelengths of electromagnetic waves, which is called the electromagnetic spectrum. The Figure 6.13 shows all the
waves in the spectrum.
Let There Be Light

Light includes infrared light, visible light, and ultraviolet light. As you can see from the Figure 6.13, light falls
roughly in the middle of the electromagnetic spectrum. It has shorter wavelengths and higher frequencies than
microwaves, but not as short and high as X rays.
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FIGURE 6.13

Q: Which type of light do you think is harmful to the skin?
A: Waves of light with the highest frequencies have the most energy and are harmful to the skin. Use the electromagnetic spectrum in the Figure 6.13 to find out which of the three types of light have the highest frequencies.
Infrared Light

Light with the longest wavelengths is called infrared light. The term infrared means “below red.” Infrared light is
the range of light waves that have longer wavelengths and lower frequencies than red light in the visible range of
light waves. The sun gives off infrared light as do flames and living things. You can’t see infrared light waves, but
you can feel them as heat. Infrared cameras and night vision goggles can detect infrared light waves and convert
them to visible images. For a deeper understanding of infrared light, watch the video at this URL: http://www.youtu
be.com/watch?v=2–0q0XlQJ0 .

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/5051

Visible Light

The only light that people can see is called visible light. This light consists of a very narrow range of wavelengths
that falls between infrared light and ultraviolet light. Within the visible range, we see light of different wavelengths
as different colors of light, from red light, which has the longest wavelength, to violet light, which has the shortest
wavelength (see Figure 6.14). When all of the wavelengths of visible light are combined, as they are in sunlight,
visible light appears white. You can learn more about visible light at this URL: http://www.youtube.com/watch?v=P
MtC34pzKGc .

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/5050
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FIGURE 6.14

Ultraviolet Light

Light with wavelengths shorter than visible light is called ultraviolet light. The term ultraviolet means “above
violet.” Ultraviolet light is the range of light waves that have shorter wavelengths and higher frequencies than violet
light in the visible range of light. With higher frequencies than visible light, ultraviolet light has more energy. It can
be used to kill bacteria in food and to sterilize surgical instruments. The human skin also makes vitamin D when it
is exposed to ultraviolet light. Vitamin D, in turn, is needed for strong bones and teeth. You can learn more about
ultraviolet light and its discovery at this URL: http://www.youtube.com/watch?v=QW5zeVy8aE0

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/1587

Too much exposure to ultraviolet light can cause sunburn and skin cancer. As the “slip, slap, slop” slogan suggests,
you can protect your skin from ultraviolet light by wearing clothing that covers your skin, applying sunscreen to any
exposed areas, and wearing a hat to protect your head from exposure. The SPF, or sun-protection factor, of sunscreen
gives a rough idea of how long it protects the skin from sunburn (see Figure 6.15). A sunscreen with a higher SPF
value protects the skin longer. Sunscreen must be applied liberally and often to be effective, and no sunscreen is
completely waterproof. You can learn more about the dangers of ultraviolet light at this URL: http://www.youtube.c
om/watch?v=np-BBJyl-go

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/5052

FIGURE 6.15

Q: You should apply sunscreen even on cloudy days. Can you explain why?
247

6.3. Light

www.ck12.org

A: Ultraviolet light can travel through clouds, so it can harm unprotected skin even on cloudy days.
Summary

• Sunlight contains the complete range of wavelengths of electromagnetic waves. The entire range is called the
electromagnetic spectrum.
• Electromagnetic waves that are commonly called light fall roughly in the middle of the electromagnetic
spectrum. Light includes infrared light, visible light, and ultraviolet light.
• Infrared light is light with the longest wavelengths and lowest frequencies. You can’t see infrared light, but
you can feel it as heat. Besides the sun, flames and living things give off infrared light.
• Visible light consists of a very narrow range of wavelengths that falls between infrared light and ultraviolet
light. It is the only light that people can see. Different wavelengths of visible light appear as different colors.
• Ultraviolet light has shorter wavelengths and higher frequencies than visible light. Ultraviolet light also has
more energy, which makes it useful for killing germs. Too much exposure to ultraviolet light can damage the
skin.

Vocabulary

• infrared light: Light with the longest wavelengths and lowest frequencies
• ultraviolet light: Light with shorter wavelengths and higher frequencies than visible light
• visible light: The only light that people can see
Explore More

At the first URL below, find the UV index for your zip code. Then, at the second URL, learn what this value of the
index means and what steps you should take to protect yourself from this level of UV radiation. http://www.epa.g
ov/sunwise/uvindex.html http://www.epa.gov/sunwise/kids/kids_uvindex.html
Review

1. Relate sunlight to the electromagnetic spectrum. Where do the waves that are commonly called light fall on
the spectrum?
2. Define infrared light. How can infrared light be detected?
3. What is visible light? What determines the color of visible light?
4. Describe ultraviolet light. How and why should you protect your skin from ultraviolet light?
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6.4 Earth’s Energy Budget
• Explain Earth’s heat budget and its relationship to solar radiation.

FIGURE 6.16
Earth’s Energy Budge: Energy in equals
energy out

The amount of heat on Earth is equal to the amount of heat that comes into Earth’s atmosphere minus the heat that
leaves Earth’s atmosphere. If more energy comes in than goes out, the planet warms. If less energy comes in than
goes out of the system, the planet cools. Replace the word "energy" with "money" and replace "on Earth" with "in
your bank account" and you describe a household budget. Of course, Earth’s energy budget is a lot more complex
than a basic household budget.
Heat at Earth’s Surface

About half of the solar radiation that strikes the top of the atmosphere is filtered out before it reaches the ground.
This energy can be absorbed by atmospheric gases, reflected by clouds, or scattered. Scattering occurs when a light
wave strikes a particle and bounces off in some other direction.
The basics of Earth’s annual energy budget are described in this video: https://www.youtube.com/watch?v=DOAq
ECd70Ww
The Energy Budget

Solar energy continually enters Earth’s atmosphere and ground surface. Does this mean the planet is getting
hotter? The answer is no (although increased levels of carbon dioxide in the atmosphere may be interfering with this
balance), because energy from Earth escapes into space through the top of the atmosphere. If the amount of solar
energy that exits Earth’s atmosphere is equal to the amount that comes in, then the average global temperature stays
the same. This means that the planet’s energy budget is in balance.
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FIGURE 6.17

FIGURE 6.18

The above diagram shows how the solar radiation entering Earth’s atmosphere is in close balance with the energy that
leaves the atmosphere. Thirty percent of the solar radiation that enters Earth’s atmosphere is immediately reflected
(6% reflected by atmosphere, 20% by clouds, 4% by Earth’s surface). The remaining 70% of the solar radiation is
absorbed by Earth’s land and oceans (51%), atmosphere (16%), clouds (3%) and then radiated back to space. This
concept resembles a balanced budget.
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Summary

• Incoming solar radiation is absorbed by atmospheric gases, reflected by clouds, or scattered.
• Much of the radiation that strikes the ground is radiated back into the atmosphere as heat.
• The total amount of solar radiation entering Earth’s atmosphere is nearly equal to the amount of solar radiation
exiting Earth’s atmosphere.
Explore More

Use this resource to answer the questions that follow.
http://www.youtube.com/watch?v=JFfD6jn_OvA

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/1518

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

What does CERES measure?
What does the acronym CERES stand for?
What is the ideal radiation budget? Why?
How much of the Sun’s radiation is reflected or absorbed by clouds.
What type of surfaces absorb the most energy?
Which regions are reflective?
What are scientists finding with CERES?
Why is the Earth warming?
What is a carbon footprint?
What happens to albedo when the ice caps melt?

Review

1. If the Sun suddenly started to emit more energy, what would happen to Earth’s heat budget and the planet’s
temperature?
2. If more greenhouse gases were added to the atmosphere, what would happen to Earth’s heat budget and the
planet’s temperature?
3. What happens to sunlight that strikes the ground?
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6.5 Thermal Energy
• Define thermal energy.
• Relate thermal energy to temperature and mass.

This unusual landscape is found in the hottest place in the U.S.: Death Valley, California. The temperature of the air
near the ground can be as high as 57 ◦ C (134 ◦ F)—and that’s in the shade (if you can find any)! The temperature
of the sand in the baking sun can be much higher. If you were to walk barefoot on the hot sand, it would burn your
feet. The air and sand in Death Valley have a lot of thermal energy.
What Is Thermal Energy?

Why do the air and sand of Death Valley feel so hot? It’s because their particles are moving very rapidly. Anything
that is moving has kinetic energy, and the faster it is moving, the more kinetic energy it has. The total kinetic energy
of all the atoms that make up an object is called thermal energy. It’s not just hot things such as the air and sand of
Death Valley that have thermal energy. All matter has thermal energy, even matter that feels cold. That’s because
the particles of all matter are in constant motion and have kinetic energy.
Thermal Energy, Temperature, and Mass

Thermal energy and temperature are closely related. Both reflect the kinetic energy of moving particles of matter.
However, temperature is the average kinetic energy of particles of matter, whereas thermal energy is the total
kinetic energy of particles of matter. Does this mean that matter with a lower temperature has less thermal energy
than matter with a higher temperature? Not necessarily. Another factor also affects thermal energy. The other factor
is mass.
Q: Look at the pot of soup and the tub of water in the Figure 6.19. Which do you think has greater thermal energy?
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A: The soup is boiling hot and has a temperature of 100 ◦ C, whereas the water in the tub is just comfortably warm,
with a temperature of about 38 ◦ C. Although the water in the tub has a much lower temperature, it has greater thermal
energy.

FIGURE 6.19

The particles of soup have greater average kinetic energy than the particles of water in the tub, explaining why the
soup has a higher temperature. However, the mass of the water in the tub is much greater than the mass of the soup
in the pot. This means that there are many more particles of water than soup. All those moving particles give the
water in the tub greater total kinetic energy, even though their average kinetic energy is less. Therefore, the water in
the tub has greater thermal energy than the soup. Click here to compare the thermal energy through an interactive
diagram.
Q: Could a block of ice have more thermal energy than a pot of boiling water?
A: Yes, the block of ice could have more thermal energy if its mass was much greater than the mass of the boiling
water.
The chef shown in the picture below is taking corn bread out of a hot oven. What happened to the batter when it
was put in the oven? Did the hot oven add "heat energy" to the batter? Not exactly. Contrary to popular belief,
heat is not a form of energy.

What Is Heat?

Heat is the transfer of thermal energy between substances. Thermal energy is the total kinetic energy of all
the atoms that make up an object, and is measured by temperature . Thermal energy always moves from matter
with greater thermal energy to matter with less thermal energy, so it moves from warmer to cooler substances. You
can see this in the Figure below . Faster-moving particles of the warmer substance bump into and transfer some
of their energy to slower-moving particles of the cooler substance. Thermal energy is transferred in this way until
both substances have the same thermal energy and temperature. For a visual introduction to these concepts, watch
the animation “Temperature vs. Heat” at this URL: http://www.sciencehelpdesk.com/unit/science2/3 .
Q: How is thermal energy transferred in an oven?
A: Thermal energy of the hot oven is transferred to the cooler food, raising its temperature.
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FIGURE 6.20

FIGURE 6.21

Cooling Down by Heating Up

How do you cool down a glass of room-temperature cola? You probably add ice cubes to it, as in the Figure below
. You might think that the ice cools down the cola, but in fact, it works the other way around. The warm cola heats
up the ice. Thermal energy from the warm cola is transferred to the much colder ice, causing it to melt. The cola
loses thermal energy in the process, so its temperature falls.
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FIGURE 6.22

Summary

• The total kinetic energy of moving particles of matter is called thermal energy.
• The thermal energy of matter depends on how fast its particles are moving on average, which is measured by
temperature, and also on how many particles there are, which is measured by mass.
• Heat is the transfer of thermal energy between substances. Thermal energy is the kinetic energy of moving
particles of matter, measured by their temperature.
• Thermal energy always moves warmer to cooler substances until both substances have the same temperature

Vocabulary

• heat: Transfer of thermal energy
• temperature: Average kinetic energy of particles of matter
• thermal energy: Total kinetic energy of all the atoms that make up an object
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Explore More

Click here to watch a video review of thermal energy. Take the quiz at the end of the activity.
1. Compare and contrast thermal energy and temperature.
2. Explain how an object with a higher temperature can have less thermal energy than an object with a lower
temperature
.
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6.6 Conduction
• Define conduction and explain how it occurs.
• Describe examples of conduction.

Yummy! These cookies look delicious. But watch out! They just finished baking in a hot oven, so the cookie sheet
is too hot to handle without an oven mitt. Touching the cookie sheet with bare hands could cause a painful burn. Do
you know why? The answer is conduction.
What Is Conduction?

Conduction is the transfer of thermal energy between particles of matter that are touching. Thermal energy is
the total kinetic energy of all the atoms that make up an object, and the transfer of thermal energy is called heat.
Conduction is one of three ways that thermal energy can be transferred (the other ways are convection and thermal
radiation). Thermal energy is always transferred from matter with a higher temperature to matter with a lower
temperature.
Pass It On

To understand how conduction works, you need to think about the tiny particles that make up matter. The particles
of all matter are in constant random motion, but the particles of warmer matter have more energy and move more
quickly than the particles of cooler matter. When particles of warmer matter collide with particles of cooler matter,
they transfer some of their thermal energy to the cooler particles. From particle to particle, like dominoes falling,
thermal energy moves through matter. Click on the animation “Conduction” at this URL to see an animation of
conduction:
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http://www.hk-phy.org/contextual/heat/hea/condu/conduction_e.html
In the opening photo above, conduction occurs between particles of metal in the cookie sheet and anything cooler
that comes into contact with it—hopefully, not someone’s bare hands! For a deeper understanding of this method of
heat transfer, watch the animation “Conduction” at this URL:
http://www.sciencehelpdesk.com/unit/science2/3

Examples of Conduction

The cookie sheet in the opening image transfers thermal energy to the cookies and helps them bake. There are
many other common examples of conduction. The Figure 6.23 shows a few situations in which thermal energy is
transferred in this way.

FIGURE 6.23
Hot Iron: A hot iron removes the wrinkles
in a shirt. Hot Cocoa: Holding a cup of
hot cocoa feels good when you have cold
hands. Camp Stove: This camp stove
can be used to cook food in a small pot.
Snow: Ouch! Can you imagine how cold
this snow must feel on bare feet?

Q: How is thermal energy transferred in each of the situations pictured in the Figure 6.23?
A: Thermal energy is transferred by conduction from the hot iron to the shirt, from the hot cup to the hand holding it,
from the flame of the camp stove to the bottom of the pot as well as from the bottom of the pot to the food inside, and
from the feet to the snow. The shirt, hand, pot, food, and snow become warmer because of the transferred energy.
Because the feet lose thermal energy, they feel colder.
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Summary

• Conduction is the transfer of thermal energy between particles of matter that are touching. Thermal energy is
always transferred from particles of warmer matter to particles of cooler matter.
• When particles of warmer matter collide with particles of cooler matter, they transfer some of their thermal
energy to the cooler particles.
Vocabulary

• conduction: Transfer of thermal energy between particles of matter that are touching
• heat: Transfer of thermal energy
• thermal energy: Total kinetic energy of all the atoms that make up an object
Explore More

Click here to watch the video about conduction.

FIGURE 6.24

While watching the video, pay particular attention to why some matter conducts heat better than other matter.
Review

1. What is conduction?
2. How does conduction occur?
3. Describe an original example of conduction.

259

6.7. Radiation

www.ck12.org

6.7 Radiation
• Describe how thermal energy is transferred by thermal radiation.
• Give examples of thermal radiation.

Someone is warming his hands over a bonfire. He doesn’t have to touch the fire to feel its warmth. How is warmth
from the fire transferred to his hands? In this article, you’ll find out.

Introducing Thermal Radiation

The bonfire from the opening image has a lot of thermal energy. Thermal energy is the total kinetic energy of all
the atoms that make up an object, and the transfer of thermal energy is called heat. Thermal energy from the bonfire
is transferred to the hands by thermal radiation. Thermal radiation is the transfer of thermal energy by waves that
can travel through air or even through empty space, as shown in the Figure 6.25. When the waves of thermal energy
reach objects, they transfer the energy to the objects, causing them to warm up. This is how the fire warms the hands
of someone sitting near the bonfire. This is also how the sun’s energy reaches Earth and heats its surface. Without
the energy radiated from the sun, Earth would be too cold to support life as we know it.
Thermal radiation is one of three ways that thermal energy can be transferred. The other two ways are conduction
and convection, both of which need matter to transfer energy. Radiation is the only way of transferring thermal
energy that doesn’t require matter. To learn more about thermal radiation, watch “Radiation” at the URL below.
http://www.sciencehelpdesk.com/unit/science2/3
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FIGURE 6.25

Sources of Thermal Radiation

You might be surprised to learn that everything radiates thermal energy, not just really hot things such as the sun
or a fire. For example, when it’s cold outside, a heated home radiates some of its thermal energy into the outdoor
environment. A home that is poorly insulated radiates more energy than a home that is well insulated. Special
cameras can be used to detect radiated heat. In the Figure 6.26, you can see an image created by one of these
cameras. The areas that are yellow are the areas where the greatest amount of thermal energy is radiating from the
home. Even people radiate thermal energy. In fact, when a room is full of people, it may feel noticeably warmer
because of all the thermal energy the people radiate!
Q: Where is thermal radiation radiating from the home in the picture?
A: The greatest amount of thermal energy is radiating from the window on the upper left. A lot of thermal energy is
also radiating from the edges of the windows and door.

Summary

• Thermal radiation is the transfer of thermal energy by waves that can travel through air or even through empty
space. This is how thermal energy from a fire is transferred to your hands and how thermal energy from the
sun is transferred to Earth.
• Everything radiates thermal energy, even objects that aren’t very warm.
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FIGURE 6.26

Vocabulary

• heat: Transfer of thermal energy
• thermal energy: Total kinetic energy of all the atoms that make up an object
• thermal radiation: Transfer of thermal energy by waves that can travel through air or empty space
Explore More

Watch the video “Thermal Radiation” at the following URL. Then answer the questions below.
http://www.teachertube.com/video/thermal-radiation-186388
1.
2.
3.
4.
5.
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What does a night vision camera detect?
The kind of light an object gives off depends on its __________.
Thermal radiation occurs when an object gives off __________ light.
Explain why some objects appear brighter than others when viewed through a night vision camera.
In the video, the scientist places her hands inside a black plastic trash bag. You can’t see her hands with your
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FIGURE 6.27

eyes but you can see them with a night vision camera. Explain why.
Review

1. What is thermal radiation?
2. If you sit close to a campfire, the fire warms you. Describe how thermal energy is transferred from the fire to
you.
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6.8 Convection
• Define convection, and explain how it occurs.
• Describe convection currents.
• Give examples of the transfer of thermal energy by convection.

Do you see the water bubbling in this pot? The water is boiling hot. How does all of the water in the pot get hot
when it is heated only from the bottom by the gas flame? The answer is convection.
Defining Convection

Convection is the transfer of thermal energy by particles moving through a fluid (either a gas or a liquid). Thermal
energy is the total kinetic energy of all the atoms that make up an object, and the transfer of thermal energy is called
heat. Convection is one of three ways that thermal energy can be transferred (the other ways are conduction and
thermal radiation). Thermal energy is always transferred from matter with a higher temperature to matter with a
lower temperature.
How Does Convection Occur?

The Figure 6.28 shows how convection occurs, using hot water in a pot as an example. When particles in one area
of a fluid (in this case, the water at the bottom of the pot) gain thermal energy, they move more quickly, have more
collisions, and spread farther apart. This decreases the density of the particles, so they rise up through the fluid.
As they rise, they transfer their thermal energy to other particles of the fluid and cool off in the process. With less
energy, the particles move more slowly, have fewer collisions, and move closer together. This increases their density,
264

www.ck12.org

Chapter 6. Energy Origins and Transformations

so they sink back down through the fluid. When they reach the bottom of the fluid, the cycle repeats. The result is a
loop of moving particles called a convection current.
You can learn more about convection currents by watching this video: https://www.youtube.com/watch?v=ON2Y
3FEk_UI

FIGURE 6.28

Examples of Convection

Convection currents transfer thermal energy through many fluids, not just hot water in a pot. For example, convection
currents transfer thermal energy through molten rock below Earth’s surface, through water in the oceans, and through
air in the atmosphere. Convection currents in the atmosphere create winds. You can see one way this happens in the
Figure 6.29. The land heats up and cools off faster than the water because it has lower specific heat. Therefore, the
land gets warmer during the day and cooler at night than the water does. During the day, warm air rises above the
land and cool air from the water moves in to take its place. During the night, the opposite happens. Warm air rises
above the water and cool air from the land moves out to take its place.

FIGURE 6.29
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Q: During the day, in which direction is thermal energy of the air transferred? In which direction is it transferred
during the night?
A: During the day, thermal energy is transferred from the air over the land to the air over the water. During the night,
thermal energy is transferred in the opposite direction.
Summary

• Convection is the transfer of thermal energy by particles moving through a liquid or a gas. Thermal energy is
always transferred from an area with a higher temperature to an area with a lower temperature.
• Moving particles transfer thermal energy through a fluid by forming convection currents.
• Convection currents move thermal energy through many fluids, including molten rock inside Earth, water in
the oceans, and air in the atmosphere.
Vocabulary

• convection: Transfer of thermal energy by particles moving through a liquid or a gas
• heat: Transfer of thermal energy
• thermal energy: Total kinetic energy of all the atoms that make up an object
Explore More

Click here to watch the video colorfully demonstrates a convection current.

FIGURE 6.30

1. Why do the colors stay separate in the first bottle?
2. Why do the colors mix in the second bottle?
3. What type of heat transfer is being demonstrated?
Review

1. What is convection?
2. Describe how convection occurs and why convection currents form.
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3. Add arrows representing convection currents to the room in the Figure 6.31 to show how thermal energy
moves from the radiator to the rest of the room. Label areas of the room that are warm and cool.

FIGURE 6.31
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6.9 Temperature
• Define temperature.
• Explain how temperature is measured and how a thermometer works.
• Describe three temperature scales, and show how to convert temperatures from one scale to another.

This boy has a fever, and it makes him feel miserable. He feels achy and really tired. He also feels hot because his
temperature is higher than normal. He has a thermometer in his mouth to measure his temperature.

What Is Temperature?

No doubt you already have a good idea of what temperature is. You might say that it’s how warm or cool something
feels. In physics, temperature is defined as the average kinetic energy of the particles of matter. When particles of
matter move more quickly, they have more kinetic energy, so their temperature is higher. With a higher temperature,
matter feels warmer. When particles move more slowly, they have less kinetic energy on average, so their temperature
is lower. With a lower temperature, matter feels cooler.

How a Thermometer Measures Temperature

Many thermometers measure temperature with a liquid that expands when it gets warmer and contracts when it gets
cooler. Look at the common household thermometer pictured in the Figure 6.32. The red liquid rises or falls in the
glass tube as the temperature changes. Temperature is read off the scale at the height of the liquid in the tube. To
learn more about measuring temperature, watch the animation “Measuring Temperature” at this URL: http://www.s
ciencehelpdesk.com/unit/science2/3
Q: Why does the liquid in the thermometer expand and contract when temperature changes?
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FIGURE 6.32

A: When the temperature is higher, particles of the liquid have greater kinetic energy, so they move about more and
spread apart. This causes the liquid to expand. The opposite happens when the temperature is lower and particles of
liquid have less kinetic energy. The particles move less and crowd closer together, causing the liquid to contract.
Temperature Scales

The thermometer pictured in the Figure 6.32 measures temperature on two different scales: Celsius (C) and Fahrenheit (F). Although some scientists use the Celsius scale, the SI scale for measuring temperature is the Kelvin scale.
If you live in the U.S., you are probably most familiar with the Fahrenheit scale. The Table 6.1 compares all
three temperature scales. Each scale uses as reference points the freezing and boiling points of water. Notice that
temperatures on the Kelvin scale are not given in degrees (◦ ).

TABLE 6.1: Temperature Scales
Scale
Kelvin
Celsius
Fahrenheit

Freezing Point of Water
273 K
0 ◦C
32 ◦ F

Boiling Point of Water
373 K
100 ◦ C
212 ◦ F

Summary

• Temperature is the average kinetic energy of particles of matter.
• A thermometer can measure temperature with a liquid that expands when it gets warmer and contracts when
it gets cooler
• The SI scale for measuring temperature is the Kelvin scale. Celsius and Fahrenheit temperature scales are also
commonly used.
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7.1 Overview of Renewable and NonRenewable Resources
• Define renewable and non-renewable resources.
• Know how a renewable resource can become a non-renewable resource.

Renewable Resources

Renewable resources can be renewed as they are used. An example is timber, which comes from trees. New trees
can be planted to replace those that are cut down. Sunlight is a renewable resource. It seems we will never run out
of that! What are some other renewable resources?
Although a resource may be renewable, we should not use it carelessly. Polluting and overusing renewable resources
may result in destroying what would otherwise be an unlimited supply.
Pollution can cause our resources to
become unfit for use. For example, polluting a water source may cause it to become unsafe for drinking, bathing,
or any other type of use. Overusing a resource may prevent it from recovering and replenishing in supply. Fish
are a renewable resource; they can reproduce and make more fish. However, water pollution and over-fishing can
cause their population to decrease, and possibly cause extinction of certain breeds. Another example of damaging a
renewable resource is pictured below ( Figure 7.1).

Non-Renewable Resources

Some resources can’t be renewed. At least, they can’t be renewed fast enough to keep up with how quickly they are
being used. Fossil fuels (coal, oil, and natural gas) are non-renewable resources. It takes millions of years for them
to form, and we are using them at an extremely fast rate. Fossil fuels are made from plants and animals that lived
hundreds of millions of years ago. The plants used energy from the Sun to form energy-rich carbon compounds. As
the plants and animals died, their remains settled onto the ground and at the bottom of the sea. Layer upon layer of
organic material was laid down. Eventually, the layers were buried very deeply. They experienced intense heat and
pressure. Over millions of years, the organic material turned into fossil fuels. The solar energy stored in fossil fuels
is a rich source of energy, but because they take so long to form, they are nonrenewable. Elements that are used to
produce nuclear power are also non-renewable resources. Uranium, for example, is rare and will run out sooner
or later. The U.S. Department of Energy provides a detailed description of fossil fuels. Visit the DOE’s Energy
Website to explore fossil fuels more deeply: http://www.fossil.energy.gov/education/energylessons/index.html
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FIGURE 7.1
Forests should be renewable resources.
The forest on the left is healthy and is
used for recreation.

The forest on the

right was killed by acid rain. Human use:
hiking and bird watching. Human misuse:
destruction by acid rain.

Supplies of non-renewable resources are shrinking. This makes them harder to get. Coal, oil, and natural gas can
become depleted, if they are mismanaged. So, oil companies have started to drill for oil far out in the ocean. This
costs more money. It’s also more dangerous. Pictured below is an oil rig that exploded in 2010 ( Figure 7.2). The
explosion killed 11 people. Millions of barrels of oil spilled into the water. It took months to plug the leak.

FIGURE 7.2
This oil rig was pumping oil from below the
ocean floor when it exploded.

Vocabulary

• depleted: To have significantly decreased in supply or abundance
• fossil fuels: Sources of energy which have developed within the Earth from plants and animals that lived
millions of years ago
• mismanaged: To manage incompetently or dishonestly
• natural resources: Resources that occur in nature (air, water, sunlight, crops, etc.) and fulfill a need
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• nonrenewable resources: Resource that comes from the ground and cannot be replaced in a short period of
time
• pollution: Harmful substances that have entered into the environment
• renewable resources: Natural resource that can be replaced
Summary

•
•
•
•
•

Resources may be renewable or non-renewable.
Renewable resources should never run out.
Renewable resources need to be managed responsibly.
Non-renewable resources are available in limited supply (fossil fuels)
Ancient living organisms died and were buried quickly. Their remains were altered by intense heat and
pressure. This forms fossil fuels: solid coal, liquid oil, natural gas

Explore More

Use the resources below to answer the questions that follow.
• Non-Renewable Resources at National Geographic Education: http://education.nationalgeographic.com/edu
cation/encyclopedia/non-renewable-energy/?ar_a=1
1.
2.
3.
4.

How are non-renewable resources used?
Where does oil come from?
What is the most common non-renewable resource in the world?
What is natural gas?

• Renewable Resources at National Geographic Education: http://education.nationalgeographic.com/educatio
n/encyclopedia/renewable-energy/?ar_a=1
5.
6.
7.
8.
9.

What are renewable resources?
What is biomass?
What is the source of geothermal energy?
Why is wind energy considered clean energy?
What is solar energy used for?

Energy Kids Renewable Resources: http://www.eia.gov/kids/energy.cfm?page=renewable_home-basics
Energy Kids Nonrenewable Resources : http://www.eia.gov/kids/energy.cfm?page=nonrenewable_home-basics
Study Jams: http://studyjams.scholastic.com/studyjams/jams/science/energy-light-sound/natural-resources.htm
Review

1. What is a renewable resource?
2. What is a non-renewable resource?
3. How might a resource go from being renewable to non-renewable?
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7.2 Biomass
• Explain how biomass energy is harnessed and used.
• Describe why algae is a good source of biofuel.

Does this look like energy to you?
Algae is sometimes mocked as a source of fuel. But algae are a potentially wonderful source of power. They convert
energy from the Sun into food by photosynthesis. Algae can be grown in desert areas where other crops cannot grow.
Nutrients for algae may be wastes from other processes. Algae can be processed to be made into a liquid. There is a
lot of research going on to harness algae for biofuels.

Biomass

Biomass is the material that comes from plants and animals that were recently living. Biomass can be burned directly.
This happens when you burn a log in your fireplace. For as long as humans have had fire, people have used biomass
for heating and cooking.
To generate biomass energy, break down the cell walls of plants. This releases the sugars. The sugars are then
fermented to create fuel.

Biofuel

More recently, people have learned to process biomass to make fuel. This is called biofuel. Biofuel is created from
crops, such as corn or algae. Biofuel is unique among renewable energy sources. This is because it is liquid. Unlike
solar energy, for example, biofuels can be used in a car ( Figure 7.3). Biofuels burn more cleanly than fossil fuels.
They create less pollution and less carbon dioxide. Biofuels, such as ethanol, are added to gasoline. This cuts down
the amount of fossil fuels that are used.
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FIGURE 7.3
E85, a fuel that is 85% ethanol, being pumped into a vehicle.

Sources of Biomass Energy

Any organic material can be made into electricity; however, some materials are better than others. Wastes, such as
almond shells, can be used to generate electricity. Biomass power is a great use of wastes. It’s hard to use wastes as
a consistent large scale source of energy though.
Cow manure can have a second life as a source of methane gas, which can be converted into electricity. Food scraps
provide another source of green energy.

Consequences of Biomass Use

Some crops do not make good biofuels. Crops need energy, fertilizer, and land to grow. Sometimes the amount of
resources that go into producing the crop is too high. The crop produces very little energy more than it consumes.
Corn is a very inefficient source of biofuels. Also, the fertilizers and pesticides used to grow the crops enter the
environment. They run off the crops and become damaging pollutants in nearby water bodies or in the oceans.
Scientists are looking for much better sources of biomass energy.

Algae Biofuels

Research is being done into alternative crops for biofuels. A very promising alternative is algae. Algae appears to be
a better biofuel than corn. Algae is much easier to convert to a usable fuel. Growing algae requires much less land
and energy than crops. Algae can be grown in locations that are not used for other things. For example, they can be
grown in desert areas where food crops are not often grown. Corn must be grown where food crops are grown. This
can reduce the land and water available for growing food. Algae can be fed agricultural and other waste, so valuable
resources are not used. Much research is being done to bring these alternative fuels to market.

Vocabulary

• biofuel: Fuel made from living materials, usually crop plants.

Summary

• Biofuels are useful because they are liquid. Biofuels can go into a gas tank unlike many other types of
alternative energy.
• Algae is the focus of much research. Algae is a very promising alternative to traditional crops for biofuels.
• Biofuels have been used for as long as people have been burning wood for warmth or to cook their food.
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Explore More

Use the resource below to answer the questions that follow.
• How Stuff Works: Ethanol at http://dsc.discovery.com/tv-shows/other-shows/videos/how-stuff-works-eth
anol.htm (2:58)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/4984

1. How much gas is produced from corn?
2. How does corn become corn biofuel?
3. What is really produced by this process (what’s another name for corn biofuel)? Explain what that is in this
case.
4. Why are cell phones forbidden in the factory?
5. How much ethanol does the factory produce?
6. Is corn an efficient energy source? Explain your answer.
Review

1. What are biofuels?
2. What does a source need to be a good biofuel? What makes a source a bad biofuel?
3. What makes algae appear to be a good source of biofuels?
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7.3 Geothermal Power
• Explain how geothermal energy is harnessed and used.

Why is there so much heat coming from below?
A visit to an active geothermal area is likely to be very interesting. Yellowstone in Wyoming and Lassen Peak in
California are two of the most active geothermal areas in the United States; however, they are not used for energy
production. The Geysers Geothermal Resource Area in California, on the other hand, is used for energy. A magma
chamber deep below produces dry superheated steam. This steam can be harnessed.
Geothermal Energy

Geothermal energy stems from Earth’s internal heat. Hot springs and geysers are produced by water that is heated
by magma or hot rock below Earth’s surface.
At a geothermal power plant, engineers drill wells into the hot rocks. Hot water or steam may come up through the
wells. Alternatively, water may be put down into the well to be heated. It then comes up. The hot water or steam
makes a turbine spin. This makes electricity. Pictured below is an example of a geothermal power plant ( Figure
7.4).
Geothermal Energy as a Resource

Because the hot water or steam can be used directly to make a turbine spin, geothermal energy can be used without
processing. Geothermal energy is clean and safe. It is renewable. There will always be hot rocks, and water can be
pumped down into a well. There, the water can be heated again to make more steam.
Geothermal energy is an excellent resource in some parts of the world. Iceland gets about one fourth of its
electricity from geothermal sources. In the United States, California leads all states in producing geothermal energy.
Geothermal energy in California is concentrated in the northern part of the state. The largest plant is in the Geysers
Geothermal Resource Area. Geothermal energy is not economically beneficial everywhere. Many parts of the world
do not have underground sources of heat that are close enough to the surface for building geothermal power plants.
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FIGURE 7.4
A geothermal power plant in operation.

KQED: Geothermal Heats Up

Where Earth’s internal heat gets close to the surface, geothermal power is a clean source of energy. In California,
The Geysers Geothermal Resource Area supplies energy for many nearby homes and businesses. Learn more at:
http://science.kqed.org/quest/video/geothermal-heats-up/ .

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/116511

Vocabulary

• geothermal energy: Energy from deep in the Earth.
Summary

• Most geothermal energy being used now is in regions where hot material comes to the surface.
• Hot rocks are everywhere below Earth’s surface. Geothermal energy could be used anywhere with drilling.
• Geothermal energy is clean and does not release greenhouse gases.
Explore More

Use the resource below to answer the questions that follow.
• Geothermal Energy at http://www1.eere.energy.gov/geothermal/egs_animation.html
1. What is an enhanced geothermal system?
279

7.3. Geothermal Power
2.
3.
4.
5.
6.

How does an EGS differ from a geothermal site in which hot springs come to the surface?
How is an appropriate site found?
How are fractures created in the rock and why? What other technique for obtaining energy does this resemble?
How is the heat extracted?
How does the hot water produce electricity?

Review

1.
2.
3.
4.
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How is geothermal energy harnessed?
What is the ultimate source of geothermal energy?
What is positive about geothermal energy?
What is not so good about geothermal energy?
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7.4 Wind Power
• Explain how wind energy is harnessed and used.
• Describe the consequences of using wind energy.

Is this what a wind farm looks like?
It’s a strange sight. You’re driving up the road in Southern California, and sprouting from the ground is a pack of
windmills! Windmills are becoming more common on the eastern side of the mountains. This is because the wind
comes off the Pacific Ocean and funnels through mountain passes. The wind is strong and California wants to take
advantage of it.
Wind Power

The energy from the Sun creates wind ( Figure 7.5). Wind energy moves by convection. The Sun heats some
locations more than others. Warm air rises, so other air rushes in to fill the hole left by the rising air. This horizontal
movement of air is called wind.
Watch this video to learn about the basics behind wind and how it can be used to create energy: https://www.yout
ube.com/watch?v=niZ_cvu9Fts
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FIGURE 7.5
Winds are funneled through passes in mountain ranges. Altamont Pass in
California is the site of many wind turbines.

FIGURE 7.6

Wind as a Resource

Wind power uses moving air as a source of energy. Some types of wind power have been around for a long time.
People have used windmills to grind grain and pump water for hundreds of years. Sailing ships have depended on
wind for millennia. Wind is now used to generate electricity. Moving air can make a turbine spin, just like moving
water can. Moving air has kinetic energy. When wind hits the blades of the turbine, the kinetic energy makes the
blades move. The turbine spins and creates electricity.
Watch this video to learn how wind turbines work: https://www.youtube.com/watch?v=tsZITSeQFR0

FIGURE 7.7
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Wind power has many advantages. It is clean: it does not release pollutants or carbon dioxide. It is plentiful almost
everywhere. The technology to harness wind energy is being developed rapidly. Wind power also has problems.
Wind does not blow all of the time, so wind energy must be stored for later use. Alternately, another energy source
needs to be available when the wind is not blowing. Wind turbines are expensive. They can wear out quickly.
Finally, windmills are not welcomed by residents at some locations. They say that wind farms are unattractive. Yet
even with these problems, wind turbines are a competitive form of renewable energy.

FIGURE 7.8

Vocabulary

• convection: The transfer of heat by motion in the atmosphere from lower to higher.
• turbine: A machine in which kinetic energy is converted to mechanical power.
Summary

• Wind contains kinetic energy. The energy can move a turbine. This generates electricity.
• Wind power is clean. It does not release pollutants or greenhouse gases.
• Some people complain about the spread of windmills across certain locations, but, still, the use of wind energy
is increasing.
Explore More

Test your skills at designing and building a wind turbine at this interactive site: http://scienceofeverydaylife.dis
coveryeducation.com/innovation/labs/wind-energy/wind.swf
Use the resource below to answer the questions that follow.
• Wind Energy at http://www.jsnyderdesign.com/wind_story.html
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FIGURE 7.9

•

1.
2.
3.
4.
5.
6.
7.
8.

How much has wind power production increased worldwide in recent years?
How do wind turbines work?
What is the wind vane for?
What does an anemometer measure?
What is the yaw drive for?
What is the wind potential in your region?
What are the advantages of an off-grid system?
What are the advantages of wind farms?

Review

1.
2.
3.
4.
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Describe how wind energy can be harnessed.
What are the upsides of using wind power?
What are some of the downsides of using wind power?
Why do you think that wind power use is increasing?
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7.5 Hydroelectric Power
• Explain how falling water is harnessed for hydroelectric power.
• Describe the consequences of hydroelectric power use.

What do dams do? change
If you take a trip out of Las Vegas toward Phoenix you can visit the Hoover Dam. Completed in 1935, the dam
provides power to over a million homes. It also stores water for use by the residents of the desert southwest. Hoover
Dam is one of the engineering marvels of the 20th century.

Water Power

Moving water has energy ( Figure 7.10). That energy is used to make electricity. Hydroelectric power, or
hydropower, harnesses the energy of water moving down a stream. Hydropower is the most widely used form
of renewable energy in the world. This abundant energy source provides almost one fifth of the world’s electricity.
The energy of waves and tides can also be used to produce water power. At this time, wave and tidal power are rare.

Hydropower Plants

To harness water power, a stream must be dammed. Narrow valleys are the best for dams. While sitting in the
reservoir behind the dam, the water has potential energy. Water is allowed to flow downhill into a large turbine. While
flowing downhill, the water has kinetic energy. Kinetic energy makes the turbine spin. The turbine is connected to a
generator, which makes electricity.
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FIGURE 7.10
Water flowing through a dam.

Hydropower as a Resource

Many of the suitable streams in the United States have been developed for hydroelectric power. Many streams
worldwide also have hydroelectric plants. Hydropower is a major source of California’s electricity. It accounts for
about 14.5 percent of the total. Most of California’s nearly 400 hydroelectric power plants are located in the Sierra
Nevada mountains.
Watch this video to learn how hydroelectric power is harnessed:
ix8

https://www.youtube.com/watch?v=tpigNNTQ

FIGURE 7.11

Benefits and Problems of Hydropower

Water power does not burn a fuel. So it causes less pollution than many other kinds of energy. Water power is also
a renewable resource. Water keeps flowing downhill. Although we use some of the energy from this movement, we
are not using up the water.
Water power does have problems. A large dam stops a stream’s flow, which floods the land upstream ( Figure 7.12).
A beautiful location may be lost. People may be displaced. The dams and turbines also change the downstream
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FIGURE 7.12
The Colorado River backs up behind
Hoover Dam. See the river coming in at
the top of the photo.

environment. Fish and other living things may not be able to survive. Dams slow the release of silt. Downstream
deltas retreat and beaches may be starved of sand. Seaside cities may become exposed to storms and rising sea
levels.
Tidal power stations may need to close off a narrow bay or estuary. Wave power plants must withstand coastal storms
and the corrosion of seawater.
Vocabulary

• Hydroelectric power: Most widely used form of renewable energy in the world, which harnesses the energy
of water moving down a stream.
Summary

• Hydroelectric power is clean and is important in many regions of the world.
• Hydroelectric dams change the river’s ecosystem.
• Hydropower utilizes the energy of falling water.
Explore More

Use the resource below to answer the questions that follow.
• Hydroelectric Power at http://www.hippocampus.org/Earth%20Science → Environmental Science → Search:
Hydroelectric Power
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1.
2.
3.
4.
5.

How is hydroelectric power generated?
What does the height of the water determine?
How is the turbine rotated?
What are the advantages of hydroelectric power?
What are the disadvantages of hydroelectric power?

Review

1. How does energy change forms as it goes from behind a dam to downstream of a dam?
2. How is hydroelectric energy collected?
3. What are some of the downsides of using hydropower?
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7.6 Solar Power
• Explain how solar energy is collected and used.

Why don’t we get our energy straight from the source?
The Sun produces far more energy than humans can use. The Sun is also the source of most of the energy we use.
Fossil fuels and wind energy, for example, originate with the Sun. So why don’t we get all our energy from the Sun?
For one reason, it’s not always practical.

Solar Energy

FIGURE 7.13
Solar energy is clean and renewable. Solar panels are needed to collect
the sunlight for use.

Solar energy is clean and renewable. Earth receives many times more solar energy than humans could ever imagine
using.
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Energy from the Sun

The Sun is Earth’s main source of energy. The Sun gives us both light and heat. The Sun changes hydrogen into
helium through nuclear fusion. This releases huge amounts of energy. The energy travels to Earth mostly as visible
light. The energy is carried through the empty space by radiation. We can use sunlight as an energy resource, called
solar energy.

Solar Energy as a Resource

Solar energy has been used on a small scale for hundreds of years. Today we are using solar energy for more of our
power demands. Solar power plants are being built in many locations around the world. In the United States, the
southwestern deserts are well suited for solar plants.

Solar Power Plants

Sunlight is turned into electricity at a solar power plant. A large group of mirrors focuses sunlight on one place. This
place is called a receiver ( Figure 7.14). At the receiver, a liquid such as oil or water is heated to a high temperature.
The liquid transfers its heat by conduction. In conduction, energy moves between two objects that are in contact.
The warmer object transfers heat to the cooler object. At a solar power plant, the energy conducted by the heated
liquid is used to make electricity.

FIGURE 7.14
A solar power tower is used to concentrate the solar energy collected by
many solar panels.

Solar Energy Use

Solar energy is used to heat homes and water, and to make electricity. Scientists and engineers have many ways to
get energy from the Sun ( Figure 7.13). One is by using solar cells. Solar cells are devices that turn sunlight directly
into electricity. Lots of solar cells make up an individual solar panel. You may have seen solar panels on roof tops.
The Sun’s heat can also be trapped in your home by using south facing windows and good insulation.

Consequences of Solar Energy Use

Solar energy has many benefits. It does not produce any pollution, and there is plenty of it available—much more
than we could possibly use.
But solar energy has problems. The Sun doesn’t shine at night. A special battery is needed to store extra energy
during the day for use at night. The technology for most uses of solar energy is still expensive. Until solar technology
becomes more affordable, most people will prefer to get their energy from other sources.
Watch this video to learn about the advantages and disadvantages of using solar power: https://www.youtube.com/
watch?v=NDZzAIcCQLQ
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FIGURE 7.15

Vocabulary

• conduction: Process in which energy moves from a location of higher temperature to a location of lower
temperature as heat; the material does not move, just the heat.
• radiation: Movement of energy through empty space between objects by electromagnetic waves.
Summary

• Solar energy is the result of nuclear fusion in our nearest star.
• A liquid is heated and moves that energy by conduction.
• Solar power is expensive, but as demand increases, technology improves and costs decrease.
Explore More

Use the resources below to answer the questions that follow.
• EIA Energy Kids at http://www.eia.gov/kids/energy.cfm?page=solar_home-basics
• Harnessing Solar Energy at https://www.eeremultimedia.energy.gov/solar/videos/solar_power_basics
1.
2.
3.
4.
5.

What does solar energy do for the planet?
What is diffuse light?
What is solar thermal energy used for?
How do photovoltaic panels work?
List some benefits of using solar power.

Review

1. How is solar power collected on a large scale?
2. What are some of the disadvantages of depending on solar energy?
3. What are some of the advantages of using solar energy?
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7.7 Nuclear Power
• Explain how nuclear energy is harnessed and used.
• Describe the consequences of using nuclear energy.

Where could long-term nuclear waste go?
That’s a very good question. For years, a waste facility was in development in Nevada. The site at Yucca Mountain
was canceled due to public outcry. Now there is no facility for storing long-term nuclear waste from most sources.
No facilities are currently being developed either.

Nuclear Energy

Nuclear energy is produced by splitting the nucleus of an atom. This releases a huge amount of energy.

How Nuclear Power Plants Work

Nuclear power plants use uranium that has been concentrated in fuel rods ( Figure 7.16). The uranium atoms are
split apart when they are hit by other extremely tiny particles. These particles must be controlled or they would
cause a dangerous explosion. Nuclear power plants use the energy they produce to heat water. The water turns into
steam, which causes a turbine to spin. This, in turn, produces electricity.
Watch this video to learn how nuclear power plants work: https://www.youtube.com/watch?v=VJfIbBDR3e8
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FIGURE 7.16
Nuclear power plants like this one provide France with almost 80% of its
electricity.

FIGURE 7.17

Nuclear Power as a Resource

Many countries around the world use nuclear energy as a source of electricity. For example, France gets about 80%
of its electricity from nuclear energy. In the United States, a little less than 20% of electricity comes from nuclear
energy.
Consequences of Nuclear Power

Nuclear power is clean. It does not pollute the air. However, the use of nuclear energy does create other environmental problems. Uranium must be mined ( Figure 7.18). The process of splitting atoms creates radioactive waste. This
waste may be dangerous for thousands or hundreds of thousands of years. As yet, there is no long-term solution for
storing the radioactive waste.

FIGURE 7.18
Uranium mine in the Czech Republic.

For three decades new nuclear power plants were not built in the U.S. Accidents at Three Mile Island and Chernobyl,
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Ukraine made people nervous about harnessing nuclear power ( Figure 7.19).

FIGURE 7.19
Abandoned bunker near the site of the Chernobyl disaster.

Because nuclear energy is clean, nuclear power was making a comeback. But the 2011 disaster at the Fukushima
Daiichi Nuclear Power Plant in Japan changed attitudes back. This accident seems to have resulted in a new fear
of nuclear power. The disaster was caused by a 9.0 magnitude earthquake and tsunami. These events seriously
damaged the plant.
Nuclear power is a controversial subject. Nuclear power has no pollutants. Nuclear power does not produce
greenhouse gases. However, accidents do happen, and they can be devastating. The long-term disposal of wastes is
a problem that has not yet been solved. The future of nuclear power is murky.
Taylor Wilson is a young physicist who has won awards for his work with nuclear fusion. Watch this short TED
Talk video presentation to learn how Taylor Wilson earned so much recognition.

FIGURE 7.20

Vocabulary

• nuclear energy: Energy that is released from the nucleus of an atom when it is changed into another atom.
Summary

• Nuclear energy is released when the nucleus of an atom is split.
• Nuclear power plants use uranium in fuel rods. The fuel rods become nuclear waste. Nuclear waste can be
dangerous for hundreds of thousands of years.
• Periodic accidents involving nuclear power plants scare people. These accidents slow down the development
of nuclear power in many countries.
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Explore More

Use the resource below to answer the questions that follow.
• How Nuclear Energy Works at http://www.youtube.com/watch?v=VJfIbBDR3e8 (4:37)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/1559

1.
2.
3.
4.
5.
6.

How many countries use nuclear power?
How is electricity produced in these power plants?
What releases the heat in nuclear plants?
What is used as the fuel?
What are the two types of reactors?
What is the function of the control rods?

Review

1.
2.
3.
4.

How is nuclear energy generated?
Why is the waste from nuclear power plants dangerous for so long?
Why should nuclear power be developed?
Why should nuclear power not be developed?
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7.8 Coal Power
• Explain how coal forms and is used.

Where does coal come from?
Would you go to a coal mine? It’s not very attractive. In order to use coal as a source of electricity, it must first be
mined. Coal mining can be done by tunneling into a mountain; however, if the coal is near the surface, the whole
mountaintop may be removed. That’s what’s been done in this photo.
Coal

Coal is a solid hydrocarbon. Coal is useful as a fuel, especially for generating electricity. Coal is relatively
inexpensive and abundant. Developing nations, like China, rely heavily on coal. Around the world, coal is the
largest source of energy for electricity.
How Coal Forms

Coal forms from dead plants that settled at the bottom of swamps millions of years ago ( Figure 7.21). Water and
mud in the swamp kept oxygen away from the plant material. Sand and clay settled on top of the decaying plants.
The weight of this material squeezed out the water and some other substances. Over time, the organic material
became a carbon-rich rock. This rock is coal.
Coal has different grades. Bituminous coal forms at lower temperatures. It contains a lot of sulfur. When it is burned,
it causes a lot of pollution. Anthracite coal forms under higher temperatures. This drives off the sulfur, and the coal
burns more cleanly.
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FIGURE 7.21
The plants in this tropical swamp could
one day become coal.

Watch this animated video on how coal forms. http://www.teachertube.com/video/how-was-coal-formed-40991

FIGURE 7.22

1. Why is coal called a fossil fuel?
2. During what period was coal formation a dominant process? What were conditions like that led to the
formation of so much coal at this time?
3. What is peat and how does it form?
4. How does peat turn into coal?

What Coal Is

Coal is a black or brownish-black rock that burns easily ( Figure 7.23). Most coal is sedimentary rock. The hardest
type of coal, anthracite, is a metamorphic rock. That is because it is exposed to higher temperature and pressure as
it forms. Coal is mostly carbon, but some other elements can be found in coal, including sulfur. The coal with the
least sulfur is the cleanest coal. Anthracite has very little sulfur and so is very desirable.
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FIGURE 7.23
Coal is a solid hydrocarbon formed from
decaying plant material over millions of
years.

Using Coal

To prepare coal for use, the coal is first crushed into powder and burned in a furnace. Like other fuels, coal releases
most of its energy as heat when it burns. The heat from the burning coal is used to boil water. This makes steam.
The steam spins turbines, which creates electricity.
Coal in the USA

The United States is rich in coal ( Figure 7.24). Many regions of the country have significant coal deposits.

FIGURE 7.24
United States coal-producing regions in
1996. Orange is highest grade anthracite;
red is low volatile bituminous; gray and
gray-green is medium to high-volatile bituminous; green is subbituminous; and
yellow is the lowest grade lignite.

Vocabulary

• coal: Solid fossil fuel from ancient dead organisms used for electricity.
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• fossil fuel: A fuel (coal, oil, natural gas) that is formed in the earth from dead plants and animals
Summary

• Coal is solid fossil fuels formed primarily from ancient swamp plants.
• Coal is the source of most electricity.
• Coal that forms at higher temperatures burns more cleanly.
Explore More

Use the resource below to answer the questions that follow.
• How Do They Do It? Coal Mining at http://science.discovery.com/tv-shows/how-do-they-do-it/videos/howdo-they-do-it-coal-mining.htm (5:43)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/4983

1.
2.
3.
4.
5.

What percent of world’s electricity is produced from coal? How many tons do we burn each year?
Where is the largest underground coal mining complex in North America? How much coal does it produce?
How do the miners get to the site where coal is being mined from rock?
Why don’t humans hammer the coal from the seam as in the old days?
Why does the coal need to be processed?

Review

1.
2.
3.
4.

How does coal form?
Swamps still exist. So, why is coal not considered a renewable resource?
Why are there different grades of coal? What is different about them?
How does burning coal make usable energy?
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7.9 Petroleum Power
• Explain how petroleum forms and is used.

What is this unusual sight?
There’s oil beneath this land. These drill rigs are pumping it to the surface. Drill rigs can be small and closely
spaced. They can also be large and solitary. This is true, especially when they are in deep water offshore.
Oil

Oil is a thick, dark brown or black liquid. It is found in rock layers of Earth’s crust. Oil is currently the most
commonly used source of energy in the world.
How Oil Forms

The way oil forms is similar, in many ways, to coal. Tiny organisms like plankton and algae die and settle to the
bottom of the sea. Sediments settle over the organic material. Oxygen is kept away by the sediments. When the
material is buried deep enough, it is exposed to high heat and pressure. Over millions of years, the organic material
transforms into liquid oil.
Mining Oil

The United States produces only about one-quarter as much oil as it uses. The main oil producing regions in the
U.S. are the Gulf of Mexico, Texas, Alaska, and California.
Geologists look for oil in folded layers of rock called anticlines ( Figure 7.25). Oil moves through permeable rock
and is trapped by the impermeable cap rock.
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FIGURE 7.25
Oil (red) is found in the porous rock layer
(yellow) and trapped by the impermeable
layer (brown). The folded structure has
allowed the oil to pool so a well can be
drilled into the reservoir.

Types of Oil

Oil comes out of the ground as crude oil. Crude oil is a mixture of many different hydrocarbons. Oil is separated
into different compounds at an oil refinery. This is done by heating the oil. Each hydrocarbon compound in crude
oil boils at a different temperature. We get gasoline, diesel, and heating oil, plus waxes, plastics, and fertilizers from
crude oil.
These fuels are rich sources of energy. Since they are mostly liquids they can be easily transported. These fuels
provide about 90% of the energy used for transportation around the world.

Gasoline

Gasoline is a concentrated resource. It contains a large amount of energy for its weight. This is important because
the more something weighs, the more energy is needed to move it. If gasoline could only provide a little energy, a
car would have to carry a lot of it to be able to travel very far. Or the car would need to be filled up frequently. So a
highly concentrated energy resource is a practical fuel to power cars and other forms of transportation.
Let’s consider how gasoline powers a car. As gasoline burns, it releases most of its energy as heat. It also releases
carbon dioxide gas and water vapor. The heat makes the gases expand. This forces the pistons inside the engine to
move. The engine makes enough power to move the car.

Using Oil

Using gasoline to power automobiles affects the environment. The exhaust fumes from burning gasoline cause air
pollution. These pollutants include smog and ground-level ozone. Air pollution is a big problem for cities where
large numbers of people drive every day. Burning gasoline also produces carbon dioxide. This is a greenhouse gas
and is a cause of global warming. Similar pollutants come from other forms of oil.

Vocabulary

• crude oil: Unrefined oil as it is taken from the ground; a fossil fuel.
• gasoline: Product of refined oil that is liquid and energy rich.
• oil: Liquid fossil fuel from ancient dead organisms used for transportation and other products.
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Summary

• Petroleum is a liquid fossil fuel. Petroleum is useful for vehicles because it is easily stored and transported.
• Petroleum is also used to make waxes, plastics, fertilizers, and other products.
• Using petroleum causes smog and global warming.
Explore More

Use the resource below to answer the questions that follow.
• The Story of Petroleum at http://www.youtube.com/watch?v=rgrUwPWjj2Q (9:52)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/1557

1.
2.
3.
4.
5.
6.
7.

What produced the fossil fuels?
What role does sediment play in petroleum formation?
How does oil get trapped so that we can drill to it?
How do we find oil?
How do we get the oil out of the ground?
What are petrochemicals used for?
What other products are made from oil?

Review

1. What makes petroleum unique among fossil fuels? Why is this unique property extremely important?
2. Besides powering your car, what is petroleum used for?
3. How does crude oil form?
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7.10 Natural Gas Power
• Explain how natural gas forms and is used.
• Describe the consequences of natural gas extraction.

Why would oil drillers burn off fuel?
Natural gas is often found with petroleum. It is sometimes burned off by companies that are only interested in the
petroleum. Burning natural gas off like this is wasting energy. These days, natural gas is becoming more popular as
a fuel.

Natural Gas

Natural gas is mostly methane. Natural gas is usually found with petroleum. People prefer to burn natural gas when
possible because it is relatively clean.
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How Natural Gas Forms

Natural gas is often found along with coal or oil in underground deposits. This is because natural gas forms with
these other fossil fuels. One difference between natural gas and oil is that natural gas forms at higher temperatures.
Natural Gas Use

The largest natural gas reserves in the United States are located in the Rocky Mountain states, Texas, and the Gulf of
Mexico region. California also has natural gas, mostly in the northern Sacramento Valley and the Sacramento Delta.
Natural gas must be processed before it can be used as a fuel. Poisonous chemicals and water must be removed.
Natural gas is delivered to homes, where it is used for cooking and heating. Natural gas is also a major energy source
for powering turbines to make electricity. Natural gas releases most of its energy as heat when it burns. The power
plant is able to use this heat, either in the form of hot gases or steam, to spin turbines. The spinning turbines turn
generators, and the generators create electricity.
Extracting Natural Gas

Most natural gas comes from the wells that produce petroleum. Recently, an increasing amount of natural gas is
being obtained through a method called hydraulic fracturing, also known as fracking. Fracking makes it easier and
quicker to get natural gas from the rock ( Figure 7.26).

FIGURE 7.26
Fracking delivers natural gas from rock
that might not otherwise be obtainable.

With fracking, fluids are pumped through a borehole. The fluids create fractures in the rock that contains the natural
gas. Chemicals in the fluid prevent the fractures from closing. The natural gas can then be pumped to the surface.
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Consequences of Natural Gas Extraction and Use

Natural gas burns cleaner than other fossil fuels. As a result, it causes less air pollution. It also produces less carbon
dioxide than the other fossil fuels. Because it burns cleaner than other fossil fuels, natural gas has a good reputation.
Still, natural gas does emit pollutants.
Fracking is being found to be destructive in several ways. Some of the chemicals in the fracking fluids may be
harmful. Some may cause cancer. Some may be endocrine disruptors. Endocrine disruptors interrupt the natural
hormones in the bodies of humans and animals. These fluids can get into the groundwater. They may runoff into
streams and other surface waters.
The liquid waste injected into the deep wells may cause earthquakes. Locations where seismic activity is unknown
have begun to experience earthquakes. Is fracking related to earthquake activity? Many geologists think the link is
undeniable.

Summary

• Natural gas forms with crude oil but at higher temperatures.
• Natural gas burns more cleanly than petroleum and produces fewer greenhouse gases.
• Hydraulic fracturing, known as fracking, is a relatively new method for extracting natural gas. Fracking may
be linked to groundwater contamination and small earthquakes in non-seismic regions.
Vocabulary

• fracking: Nickname for hydraulic fracturing. A technique for retrieving natural gas which involves creating
fractures in a rock layer by injecting large amounts of water.
• natural gas: Fossil fuel composed of the hydrocarbon, methane
Explore More

Use the resource below to answer the questions that follow.
• Fracking for Natural Gas Continues to Raise Health Questions at http://www.youtube.com/watch?v=z
mAwkYLEV80

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/1562

1. What is fracking?
2. Explain how natural gas is extracted.
3. What are the concerns with fracking?
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4. How might the fluids get into the creeks and groundwater aquifer?
5. What are the advantages of the closed loop system?
6. Why do some of the local ranchers hope that the federal government gets involved in regulating fracking?
Review

1.
2.
3.
4.
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What is fracking, and how does it work?
How is natural gas different from crude oil?
Why is natural gas considered more environmentally sound than other fossil fuels?
What are some problems with fracking fluids?
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7.11 Energy Use
• Describe energy use in the U.S.
• Compare oil use in the U.S. and other top oil-using nations.

This woman in Burkina Faso uses a simple wood fire for cooking. For many people in the world, wood is their main
energy resource. They burn it to stay warm as well as to cook their food. Other energy resources, such as oil or gas,
are simply not available to them or are far too expensive for most people to use. However, if you live in the U.S.
or another of the richer nations of the world, you probably depend almost totally on these more expensive energy
resources, especially oil.
Use of Energy Resources

Look at the circle graph in the Figure 7.27. It shows that oil is the single most commonly used energy resource in
the U.S., followed by natural gas, and then by coal. All of these energy resources are nonrenewable. Nonrenewable
resources are resources that are limited in supply and cannot be replaced as quickly as they are used up. Renewable
resources, in contrast, provide only 8 percent of all energy used in the U.S. Renewable resources are natural
resources that can be replaced in a relatively short period of time or are virtually limitless in supply. They include
solar energy from sunlight, geothermal energy from under Earth’s surface, wind, biomass (from once-living things
or their wastes), and hydropower (from running water).
Oil Use by Nation

People in the U.S. use far more energy—especially energy from oil—than people in any other nation. The bar graph
in the Figure 7.28 compares the amount of oil used by the top ten oil-using nations. The U.S. uses more oil than
several other top-ten countries combined. If you also consider the population size in these countries, the differences
are even more stunning. The average person in the U.S. uses a whopping 23 barrels of oil a year! In comparison, the
average person in India or China uses just 1 or 2 barrels of oil a year. At the following URL, you can explore energy
use per person in the U.S. and other countries or regions of the world over the past 50 years.
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FIGURE 7.27

http://www.google.com/publicdata/explore?ds=d5bncppjof8f9_&met_y=eg_use_pcap_kg_oe&idim=country:USA&
dl=en&hl=en&q=energy+use

FIGURE 7.28

Q: How does the use of oil and other fossil fuels relate to pollution?
A: Greater use of oil and other fossil fuels causes more pollution.
Q: How do people in the U.S. use all that energy?
A: You can find out at the following URL. http://needtoknow.nas.edu/energy/energy-use/
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Summary

• Oil is the single most commonly used energy resource in the U.S., followed by natural gas, and then by coal.
These are all nonrenewable energy resources. Only 8 percent of all energy used in the U.S. comes from
renewable energy resources, such as solar, wind, and biomass energy.
• People in the U.S. use far more energy per person—especially energy from oil—than people in any other
nation.
Vocabulary

• nonrenewable resource: Natural resource that is limited in supply and cannot be replaced except over
millions of years.
• renewable resource: Natural resource that can be replaced in a relatively short period of time or is virtually
limitless in supply.
Explore More

At the following URL, find the ranking of the U.S. in total energy use and in the use of each of the major energy
resources. Make a table to summarize the information.
http://yearbook.enerdata.net/#/2010-energy-consumption-data.html
Review

1. Outline the use of energy resources in the U.S.
2. Compare the use of oil in the U.S. with oil use in other nations.
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8.1 Parts of the Solar System
• Define astronomical unit.
• Describe the solar system’s eight planets.

Can humans take a field trip through the solar system?
A field trip through the solar system would take a long time. It took 12 years for the Voyager spacecraft to get from
Earth to Neptune. If a human was on board, he or she would probably want to come back! Fortunately, unmanned
spacecrafts can send back images of far distant places in the solar system.

Solar System Objects

Astronomers now recognize eight planets (Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, and Neptune), five
dwarf planets (Ceres, Pluto, Makemake, Haumea, and Eris), more than 150 moons, and many, many asteroids and
other small objects ( Figure 8.1). These objects move in regular and predictable paths around the Sun.

FIGURE 8.1
Relative sizes of the Sun, planets, and
dwarf planets and their positions relative
to each other are to scale. The relative
distances are not to scale.

The Sun

Our Sun is a star , a sphere of plasma held together by gravity. It is an ordinary star that is extraordinarily important.
The Sun provides light and heat to our planet. This star supports almost all life on Earth.
The Sun is the center of the solar system , which includes all of the planets and other bodies that orbit it. It is by
far the largest part of the solar system ( Figurebelow ). Added together, all of the planets make up just 0.2 percent
of the solar system’s mass. The Sun makes up the remaining 99.8 percent of all the mass in the solar system!
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FIGURE 8.2

FIGURE 8.3

Planet Sizes

The Sun is just an average star compared to other stars. But it is by far the largest object in the solar system. The
Sun is more than 500 times the mass of everything else in the solar system combined! Listed below is data on the
sizes of the Sun and planets relative to Earth ( Table 8.1).

TABLE 8.1: Sizes of Solar System Objects Relative to Earth
Object
Sun
Mercury
Venus

Mass (relative to Earth)
333,000
0.06
0.82

Diameter (relative to Earth)
109.2
0.39
0.95
313
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TABLE 8.1: (continued)
Object
Earth
Mars
Jupiter
Saturn
Uranus
Neptune

Mass (relative to Earth)
1.00
0.11
317.8
95.2
14.6
17.2

Diameter (relative to Earth)
1.00
0.53
11.21
9.41
3.98
3.81

Distances in the Solar System

Distances in the solar system are often measured in astronomical units (AU). One astronomical unit is defined as
the distance from Earth to the Sun. 1 AU equals about 150 million km (93 million miles). Listed below is the
distance from the Sun to each planet in AU ( Table 8.2). The table shows how long it takes each planet to spin once
on its axis. It also shows how long it takes each planet to complete an orbit. Notice how slowly Venus rotates! A
day on Venus is actually longer than a year on Venus!

TABLE 8.2: Distances to the Planets and Properties of Orbits Relative to Earth’s Orbit
Planet
Mercury
Venus
Earth
Mars
Jupiter
Saturn
Uranus
Neptune

Average Distance from
Sun (AU)
0.39
0.72
1.00
1.52
5.20
9.54
19.22
30.06

Length of Day (in Earth
days)
56.84
243.02
1.00
1.03
0.41
0.43
0.72
0.67

Length of Year (in Earth
years)
0.24
0.62
1.00
1.88
11.86
29.46
84.01
164.8

The Size and Shape of Orbits

Figure 8.4 shows the relative sizes of the orbits of the planets, asteroid belt, and Kuiper belt. In general, the farther
away from the Sun, the greater the distance from one planet’s orbit to the next. The orbits of the planets are not
circular but slightly elliptical ( Figure 8.4).
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FIGURE 8.4
The relative sizes of the orbits of planets
in the solar system. The inner solar system and asteroid belt is on the upper left.
The upper right shows the outer planets
and the Kuiper belt.

What is, and what is not, a planet?
Pluto just didn’t fit the criteria for a planet, so it was placed in a new category with others of its kind, dwarf planets.
So what is a planet, and what is Pluto?
What is a Planet?

In 2006, the International Astronomical Union decided that there were too many questions surrounding what could
be called a planet, and so refined the definition of a planet.
According to the new definition, a planet must:
• Orbit a star.
• Be big enough that its own gravity causes it to be shaped as a sphere.
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• Be small enough that it isn’t a star itself.
• Have cleared the area of its orbit of smaller objects.
Dwarf Planets

The dwarf planets of our solar system are exciting proof of how much we are learning about our solar system. With
the discovery of many new objects in our solar system, astronomers refined the definition of a dwarf planet in 2006.
According to the IAU, a dwarf planet must:
•
•
•
•

Orbit a star.
Have enough mass to be nearly spherical.
Not have cleared the area around its orbit of smaller objects.
Not be a moon.

So dwarf planets are like planets except for one thing. They have not cleared their orbits of smaller objects. They
do not have enough gravity to do this. There are five recognized dwarf planets in the solar system: Ceres, Pluto,
Makemake, Haumea, and Eris.
Pluto

The reclassification of Pluto to the new category dwarf planet stirred up a great deal of controversy. How the
classification of Pluto has evolved is an interesting story in science.
From the time it was discovered in 1930 until the early 2000s, Pluto was considered the ninth planet. When
astronomers first located Pluto, the telescopes were not as good. Pluto and its moon, Charon, were seen as one
much larger object ( Figure below ). With better telescopes, astronomers realized that Pluto was much smaller than
they had thought.

FIGURE 8.5

Better technology also allowed astronomers to discover many smaller objects like Pluto that orbit the Sun. One of
them, Eris, discovered in 2005, is even larger than Pluto.
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Pluto was different in other ways. The outer planets are all gas giants. Pluto is small, icy, and rocky. Pluto has a
diameter of about 2,400 km. It has only about one-fifth the mass of Earth’s Moon. Pluto’s orbit is tilted relative to the
other planets. It’s orbit is shaped like a long, narrow ellipse. Pluto’s orbit sometimes even passes inside Neptune’s
orbit.
Pluto’s orbit is in the Kuiper belt. With more than 200 million Kuiper belt objects, Pluto has failed the test of clearing
other bodies out of its orbit.
From what you’ve read above, do you think Pluto should be called a planet? Why are people hesitant to take away
Pluto’s planetary status? Is Pluto a dwarf planet?
A video showing why Pluto isn’t a planet any more: http://www.youtube.com/watch?v=FqX2YdnwtRc .
Pluto has three moons of its own. The largest, Charon, is big compared to Pluto. The Pluto-Charon system is
sometimes called a double dwarf planet ( Figure above ). Two smaller moons, Nix and Hydra, were discovered in
2005.
Pluto and the other dwarf planets, besides Ceres, are found orbiting out beyond Neptune.

Ceres

Ceres ( Figure below ) is a rocky body that orbits the Sun. It could be an asteroid or a planet. Before 2006, Ceres
was thought to be the largest asteroid. Is it an asteroid? Ceres is in the asteroid belt. But it is by far the largest object
in the belt. Ceres has such high gravity that it is spherical.
Is Ceres a planet? Ceres only has about 1.3% of the mass of the Earth’s Moon. Its orbit is full of other smaller
bodies. Its gravity was not high enough to clear its orbit. Ceres fails the fourth criterion for being a planet. Ceres is
now considered a dwarf planet, the closest to the Sun.

FIGURE 8.6

Haumea

Haumea was named a dwarf planet in 2008. It is an unusual dwarf planet. The body is shaped like an oval! Haumea’s
longest axis is about the same as Pluto’s diameter. Its shortest axis is about half as long. The body’s orbit is tilted 28
degrees. Haumea is so far from the Sun that it takes 283 years to make one orbit ( Figure below ).
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FIGURE 8.7

Haumea is the third-brightest Kuiper belt object. Haumea has two moons. Haumea’s odd oval shape is probably
caused by its extremely rapid rotation. It rotates in just less than 4 hours! Like other Kuiper belt objects, Haumea is
covered by ice. Its density is similar to Earth’s Moon, at 2.6 – 3.3 g/cm3 . This means that most of Haumea is rocky.
Haumea is part of a collisional family. This is a group of astronomical objects that formed from an impact. This
family has Haumea, its two moons, and five more objects. All of these objects are thought to have formed from a
collision very early in the formation of the solar system.

Makemake

Makemake is the third-largest and second-brightest dwarf planet we have discovered so far ( Figure below ).
Makemake is only 75 percent the size of Pluto. Its diameter is between 1300 and 1900 kilometers. The name
comes from the mythology of the Eastern Islanders. Makemake was the god that created humanity. At a distance
between 38.5 to 53 AU, this dwarf planet orbits the Sun in 310 years. Makemake is made of methane, ethane, and
nitrogen ices.
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FIGURE 8.8

Eris

FIGURE 8.9

Eris is the largest known dwarf planet in the solar system. It is 27 percent larger than Pluto ( Figure above ). Like
Pluto and Makemake, Eris is in the Kuiper belt. But Eris is about three times farther from the Sun than Pluto.
Because of its distance, Eris was not discovered until 2005. Early on, it was thought that Eris might be the tenth
planet. Its discovery helped astronomers realize that they needed a new definition of “planet.” Eris has a small moon
that orbits Eris once about every 16 days.
Astronomers know there may be other dwarf planets far out in the solar system. Look for Quaoar, Varuna, and Orcus
to possibly be added to the list of dwarf planets in the future. We still have a lot to discover and explore!
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Vocabulary

• astronomical unit (AU): Unit of measure; 1 AU is the distance from the Sun to Earth.
Summary

• The solar system has eight planets: Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, and Neptune. There
are also five known dwarf planets: Ceres, Pluto, Makemake, Haumea, and Eris.
• Solar system distances are measured as multiples of the distance between Earth and Sun. This is one astronomical unit (AU).
• All planets and dwarf planets orbit the Sun. All planets and dwarf planets rotate on their axes.
• The planets make slightly elliptical orbits around the Sun.
Explore More

Use the resource below to answer the questions that follow.
• Exploring the Solar System at http://www.youtube.com/watch?v=SmyMQ_SdpNc (7:41)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/58897

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

What did early astronomers believe about planet Earth?
How many planets did early astronomers know about?
What did Kepler discover?
How did our solar system form?
How many planets are in the solar system?
What is the Kuiper belt?
What is the Oort cloud?
What is found in the Oort cloud?
What is the outer boundary of the solar system?
Why are scientists interested in the other plants?

Review

1. What are the names of the planets and dwarf planets?
2. Where are the most massive planets? Where are the least massive planets?
3. What is an astronomical unit? Why is this unit used to measure distances in the solar system?
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8.2 Formation of the Sun and Planets
• Sun and planets formed from a solar nebula about 4.6 billion years ago.

Do scientists just make this stuff up?
No! Although our Solar System formed nearly 5 billion years ago, we can see stars forming elsewhere in the galaxy,
such as in the Large Magellanic cloud 160,000 light years away. Although we can’t know for sure, astronomers
think that our early solar system looked very much like this.
Formation of the Solar System

The most widely accepted explanation of how the solar system formed is called the nebular hypothesis. According
to this hypothesis, the Sun and the planets of our solar system formed about 4.6 billion years ago from the collapse
of a giant cloud of gas and dust, called a nebula.
The nebula was drawn together by gravity, which released gravitational potential energy. As small particles of dust
and gas smashed together to create larger ones, they released kinetic energy. As the nebula collapsed, the gravity
at the center increased and the cloud started to spin because of its angular momentum. As it collapsed further, the
spinning got faster, much as an ice skater spins faster when he pulls his arms to his sides during a spin.
Much of the cloud’s mass migrated to its center but the rest of the material flattened out in an enormous disk. The
disk contained hydrogen and helium, along with heavier elements and even simple organic molecules.
Formation of the Sun and Planets

As gravity pulled matter into the center of the disk, the density and pressure at the center became intense. When the
pressure in the center of the disk was high enough, nuclear fusion began. A star was born—the Sun. The burning
star stopped the disk from collapsing further.
Meanwhile, the outer parts of the disk were cooling off. Matter condensed from the cloud and small pieces of
dust started clumping together. These clumps collided and combined with other clumps. Larger clumps, called
planetesimals, attracted smaller clumps with their gravity. Gravity at the center of the disk attracted heavier particles,
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FIGURE 8.10
An artist’s painting of a protoplanetary
disk.

such as rock and metal and lighter particles remained further out in the disk. Eventually, the planetesimals formed
protoplanets, which grew to become the planets and moons that we find in our solar system today.
Because of the gravitational sorting of material, the inner planets — Mercury, Venus, Earth, and Mars — formed
from dense rock and metal. The outer planets — Jupiter, Saturn, Uranus and Neptune — condensed farther from
the Sun from lighter materials such as hydrogen, helium, water, ammonia, and methane. Out by Jupiter and beyond,
where it’s very cold, these materials form solid particles.
The nebular hypothesis was designed to explain some of the basic features of the solar system:
•
•
•
•
•
•

The orbits of the planets lie in nearly the same plane with the Sun at the center
The planets revolve in the same direction
The planets mostly rotate in the same direction
The axes of rotation of the planets are mostly nearly perpendicular to the orbital plane
The oldest moon rocks are 4.5 billion years
Earth scientists use radiometric dating, index fossils, and other clues. They have determined that Earth is 4.6
billion years old. The planet is the same age as the rest of the solar system.

This video, from the ESA, discusses the Sun, planets, and other bodies in the Solar System and how they formed
(1a, 1d). The first part of the video explores the evolution of our view of the solar system starting with the early
Greeks who reasoned that since some points of light - which they called planets - moved faster than the stars, they
must be closer: http://www.youtube.com/watch?v=-NxfBOhQ1CY (8:34).

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/1468

Summary

• A giant cloud of dust and gas, called a nebula, collapsed to form the solar system; this is the nebular hypothesis.
• The nebular hypothesis explains many of the features of the solar system like the orbital plane, the revolution
and rotation of the planets, the relationship of the axes of rotation and the orbital plane and the age of moon
rocks.
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• Planets nearer the Sun are similar because they formed of denser metal and rocks, but planets further out are
lighter and gaseous.
Practice

Use this resource to answer the questions that follow.
https://www.youtube.com/watch?v=Uhy1fucSRQI
1.
2.
3.
4.
5.
6.
7.
8.

How old is the story of our solar system?
Why does the story of our solar system start with an exploding star?
What was the early Earth made of and how did it come together?
What was happening at the heart of the nebula?
What happened when the sun ignited?
Where and what names are the huge gas planets?
What are the inner planets and what are they made of?
How long will the sun burn in all?

Review

1. What is the nebular hypothesis?
2. Why did the solar system form two very different groups of planets, the inner and outer planets?
3. How does the nebular hypothesis account for the observable features of the solar system?
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8.3 The Moon
• Describe the characteristics of Earth’s Moon.

That’s one small step for [a] man, one giant leap for mankind. — Neil Armstrong
On July 20, 1969, hundreds of millions of people all over the world witnessed something incredible. Never before
had a human being walked on a planetary body other than Earth. But on that day, Neil Armstrong and Buzz Aldrin
walked on the Moon. The footprints the men left behind are the first signs of life ever on the Moon. Scientists have
learned a great deal about the Moon from the Apollo missions and from rovers and satellites sent to the Moon for
study.
Lunar Characteristics

The Moon is Earth’s only natural satellite, a body that moves around a larger body in space. The Moon orbits Earth
for the same reason Earth orbits the Sun — gravity. The Moon is 3,476 km in diameter, about one-fourth the size
of Earth. The satellite is also not as dense as the Earth; gravity on the Moon is only one-sixth as strong as it is on
Earth. An astronaut can jump six times as high on the Moon as on Earth!
The Moon makes one complete orbit around the Earth every 27.3 days. The Moon also rotates on its axis once every
27.3 days. Do you know what this means? The same side of the Moon always faces Earth, so that side of the Moon
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is what we always see in the night sky ( Figure 8.11). The Moon makes no light of its own, but instead only reflects
light from the Sun.

FIGURE 8.11
(a) The near side of the Moon faces Earth continually. It has a thinner crust with many more maria (flat areas of
basaltic rock). (b) The far side of the Moon has only been seen by spacecraft. It has a thicker crust and far fewer
maria (flat areas of basaltic rock).

The Lunar Surface

The Moon has no atmosphere. Since an atmosphere moderates temperature, the Moon’s average surface temperature
during the day is approximately 225◦ F, but drops to -243◦ F at night. The coldest temperatures, around -397◦ F, occur
in craters in the permanently shaded south polar basin. These are among the coldest temperatures recorded in the
entire solar system.
Earth’s landscape is extremely varied, with mountains, valleys, plains and hills. This landscape is always changing
as plate tectonics builds new features and weathering and erosion destroys them. The landscape of the Moon is very
different. With no plate tectonics, features are not built. With no atmosphere, features are not destroyed. Still, the
Moon has a unique surface. Lunar surface features include the bowl-shaped craters that are caused by meteorite
impacts ( Figure 8.12). If Earth did not have plate tectonics or erosion, its surface would also be covered with
meteorite craters.
Even from Earth, the Moon has visible dark areas and light areas. The dark areas are called maria, which means
“seas” because that’s what the ancients thought they were. In fact, the maria are not water but solid, flat areas of
basaltic lava. From about 3.0 to 3.5 billion years ago the Moon was continually bombarded by meteorites. Some
of these meteorites were so large that they broke through the Moon’s newly formed surface. Then, magma flowed
out and filled the craters. Scientists estimate this meteorite-caused volcanic activity on the Moon ceased about 1.2
billion years ago, but most occurred long before that.
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FIGURE 8.12
A crater on the surface of the Moon.

The lighter parts of the Moon are called terrae or highlands ( Figure 8.13). The terrae are higher than the maria and
include several high mountain ranges. The terrae are the light silicate minerals that precipitated out of the ancient
magma ocean and formed the early lunar crust.
There are no lakes, rivers, or even small puddles anywhere to be found on the Moon’s surface, but water in the form
of ice has been found in the extremely cold craters and bound up in the lunar soil. Despite the possible presence of
water, the lack of an atmosphere and the extreme temperatures make it no surprise to scientists that the Moon has
absolutely no evidence of life.
Life from Earth has visited the Moon and there are footprints of astronauts on the lunar surface. With no wind,
rain, or living thing to disturb them, these footprints will remain as long as the Moon exists. Only an impact with a
meteorite could destroy them.

Interior of the Moon

Like Earth, the Moon has a distinct crust, mantle, and core. What is known about the Moon’s interior was determined
from the analysis of rock samples gathered by astronauts and from unmanned spacecraft sent to the Moon ( Figure
8.14).
• The Moon’s small core, 600 to 800 kilometers in diameter, is mostly iron with some sulfur and nickel.
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FIGURE 8.13
A close-up of the Moon, showing maria (the dark areas) and terrae (the light areas); maria covers around 16% of
the Moon’s surface, mostly on the side of the Moon we see.

FIGURE 8.14
The Moon’s internal structure shows a
small metallic core (yellow), a primitive mantle (orange), a depleted mantle
(blue), and a crust (gray).
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• The mantle is composed of the minerals olivine and orthopyroxene. Analysis of Moon rocks indicates that
there may also be high levels of iron and titanium in the lunar mantle.
• The crust is composed of igneous rock rich in the elements oxygen, silicon, magnesium, and aluminum. The
crust is about 60 km thick on the near side of the Moon and about 100 km thick on the far side.
Summary

• The Moon revolves around Earth as they orbit the Sun; the same side of Moon always faces Earth.
• The lunar surface has dark basalt maria and light highlands called terrae.
• The Moon has a crust, mantle, and core, but no water or atmosphere.
Review

1. Explain why one side of the Moon always faces toward Earth and the other side always faces away from Earth.
2. How did the Moon’s terrae form?
3. What is significant about the Moon’s core?
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8.4 Gravity in the Solar System
• Define gravity.
• Explain how mass and distance influence the gravitational attraction between two objects.

Did you ever hear the old adage: What goes up must come down?
Every moment of every day is a field trip to gravity. Gravity is everywhere! You have a gravitational attraction to
your dog. You have one to your pencil. You even have one to your school principal! These gravitational attractions
are very small compared with the most important one you have. This is your gravitational attraction to Earth. It’s
what keeps you from floating off into space. Gravity holds our planet together. Gravity keeps Earth orbiting the Sun.
We wouldn’t be here without gravity.
The Role of Gravity

All objects in the universe have an attraction to each other. This attraction is known as gravity ( Figure below).
The strength of the force of gravity depends on two things. One is the mass of the objects. The other is the distance
between the objects. As an object’s mass increases, the attraction increases. As the distance between the objects
increases, the attraction decreases.
Isaac Newton first described gravity as the force that causes objects to fall to the ground. Gravity is also the force
that keeps the Moon circling Earth. Gravity keeps Earth circling the Sun. Without gravity, these objects would fly
off into space ( Figure below).
Gravity pulls any object on or near Earth toward the planet’s center.
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The Effect of Gravity on Our Solar System

Forward motion of the planets with the gravitational pull of the sun, both determine the planets orbit. If the
gravitational pull of the sun were to stop, the Earth and other planets would travel in a straight line through space.The
Earth would travel the straight path until interference with another object or until it was trapped in the gravitational
pull of a larger planet.
Vocabulary

• gravity: Attraction of bodies to each other with a force proportional to their masses.
Summary

• All objects have a gravitational attraction to each other. This is called gravity.
• The attraction is proportional to the mass of the objects. The attraction is inversely proportional to the distance
between the objects.
• Gravity keeps the Moon orbiting Earth. Gravity keeps the planets orbiting the Sun.
Explore More

• What is gravity?
Who was Isaac Newton?
What did Newton discover?
How did Newton make his discovery?
Review

1. For which object is the force of gravity greatest: Earth, Moon, or Sun? Why?
2. Imagine that the Moon and the Sun are the same distance from Earth. Which one would Earth be gravitationally attracted to?
3. What is gravity?
4. What would happen to the Earth if the Sun’s gravitational pull were to stop?
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8.5 The History of Astronomy
• Identify major occurrences in the history of astrophysics and identify the individuals who make the contribution.

This is a classic spiral galaxy known as the Whirlpool Galaxy. It is found in the Canes Venatici constellation. This
constellation represents the hunting dogs, Asterion and Chara.
The History of Astronomy
Astronomy and the Ancient Greeks

The Astronomy of the ancient Greeks was linked to mathematics, and Greek astronomers sought to create geometrical models that could imitate the appearance of celestial motions. This tradition originated around the 6th century
BCE, with the followers of the mathematician Pythagoras (~580 – 500 BCE). Pythagoras believed that everything
was related to mathematics and that through mathematics everything could be predicted and measured in rhythmic
patterns or cycles. He placed astronomy as one of the four mathematical arts, the others being arithmetic, geometry
and music.
While best known for the Pythagorean Theorem, Pythagoras did have some input into astronomy. By the time
of Pythagoras, the five planets visible to the naked eye - Mercury, Venus, Mars, Jupiter and Saturn - had long
been identified. The names of these planets were initially derived from Greek mythology before being given the
equivalent Roman mythological names, which are the ones we still use today. The word ’planet’ is a Greek term
meaning ’wanderer’, as these bodies move across the sky at different speeds from the stars, which appear fixed in
the same positions relative to each other.
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For part of the year Venus appears in the eastern sky as an early morning object before disappearing and reappearing
a few weeks later in the evening western sky. Early Greek astronomers thought this was two different bodies and
assigned the names ’Phosphorus’ and ’Hesperus’ to the morning and evening apparitions respectively. Pythagoras
is given credit for being the first to realize that these two bodies were in fact the same planet, a notion he arrived at
through observation and geometrical calculations.
Pythagoras was also one of the first to think that the Earth was round, a theory that was finally proved around 330
BCE by Aristotle. (Although, as you are probably aware, many people in 1642 CE still believed the earth to be flat.)
Aristotle (384 BCE – 322 BCE) demonstrates in his writings that he knew we see the moon by the light of the sun,
how the phases of the moon occur, and understood how eclipses work. He also knew that the earth was a sphere.
Philosophically, he argued that each part of the earth is trying to be pulled to the center of the earth, and so the earth
would naturally take on a spherical shape. He then pointed out observations that support the idea of a spherical earth.
First, the shadow of the earth on the moon during a lunar eclipse is always circular. The only shape that always casts
a circular shadow is a sphere. Second, as one travels more north or south, the positions of the stars in the sky change.
There are constellations visible in the north that one cannot see in the south and vice versa. He related this to the
curvature of the earth. Aristotle talked about the work of earlier Greeks, who had developed an earth centered model
of the planets. In these models, the center of the earth is the center of all the other motions. While it is not sure if the
earlier Greeks actually thought the planets moved in circles, it is clear that Aristotle did.
Aristotle rejected a moving earth because he didn’t understand inertia. To Aristotle, the natural state for an object
was to be at rest. He believed that it takes a force in order for an object to move. Using Aristotle’s ideas, if the earth
were moving through space, if you tripped, you would not be in contact with the earth, and so would get left behind
in space. Since this obviously does not happen, the earth must not move. This misunderstanding of inertia confused
scientists until the time of Galileo.
Claudius Ptolemy (90 – 168 CE) was a citizen of Egypt which was under Roman rule during Ptolemy’s lifetime.
During his lifetime he was a mathematician, astronomer, and geographer. His theories dominated the world’s
understanding of astronomy for over a thousand years. Ptolemy supported an earth-centered ( geo-centric) model
for the solar system.
The Universe according to Ptolemy was based on five main points: 1) the celestial realm is spherical, 2) the celestial
realm moves in a circle, 3) the earth is a sphere, 4) the celestial realm orbit is a circle centered on the earth, and 5)
earth does not move. Ptolemy also identified eight circular orbits surrounding earth where the other planets existed.
In order, they were the moon, Mercury, Venus, the Sun, Mars, Jupiter, Saturn, and the sphere of fixed stars.
.Astronomy and the Late Middle Ages
It was not until 1543, when Copernicus (1473 – 1543) introduced a sun-centered design ( heliocentric), that
Ptolemy’s astronomy was seriously questioned and eventually overthrown.
Copernicus studied at the University of Bologna, where he lived in the same house as the principal astronomer there.
Copernicus assisted the astronomer in some of his observations and in the production of the annual astrological
forecasts for the city. It is at Bologna that he probably first encountered a translation of Ptolemy’s Almagest that
would later make it possible for Copernicus to successfully refute the ancient astronomer.
Later, at the University of Padua, Copernicus studied medicine, which was closely associated with astrology at that
time due to the belief that the stars influenced the dispositions of the body. Returning to Poland, Copernicus secured
a teaching post at Wroclaw, where he primarily worked as a medical doctor and manager of Church affairs. In
his spare time, he studied the stars and the planets (decades before the telescope was invented), and applied his
mathematical understanding to the mysteries of the night sky. In so doing, he developed his theory of a system in
which the Earth, like all the planets, revolved around the sun, and which simply and elegantly explained the curious
retrograde movements of the planets.
Copernicus wrote his theory in De Revolutionibus Orbium Coelestium (“On the Revolutions of the Celestial Orbs”).
The book was completed in 1530 or so, but it wasn’t published until the year he died, 1543. It has been suggested
that Copernicus knew the publication would incur the wrath of the Catholic church and he didn’t want to deal with
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problems so he didn’t publish his theory until he was on his death bed. Legend has it that a copy of the printer’s
proof was placed in his hands as he lay in a coma, and he woke long enough to recognize what he was holding before
he died.
Tycho Brahe (1546 – 1601) was born in a part of southern Sweden that was part of Denmark at the time. While
attending the university to study law and philosophy, he became interested in astronomy and spent most evenings
observing the stars. One of Tycho Brahe’s first contributions to astronomy was the detection and correction of
several serious errors in the standard astronomical tables. Then, in 1572, he discovered a supernova located in the
constellation of Cassiopeia. Tycho built his own instruments and made the most complete and accurate observations
available without the use of a telescope. Eventually, his fame led to an offer from King Frederick II of Denmark
& Norway to fund the construction of an astronomical observatory. The island of Van was chosen and in 1576,
construction began. Tycho Brahe spent twenty years there, making observations on celestial bodies.
During his life, Tycho Brahe did not accept Copernicus’ model of the universe. He attempted to combine it with
the Ptolemaic model. As a theoretician, Tycho was a failure but his observations and the data he collected was far
superior to any others made prior to the invention of the telescope. After Tycho Brahe’s death, his assistant, Johannes
Kepler used Tycho Brahe’s observations to calculate his own three laws of planetary motion.
In 1600, Johannes Kepler (1571 – 1630) began working as Tycho’s assistant. They recognized that neither the
Ptolemaic (geocentric) or Copernican (heliocentric) models could predict positions of Mars as accurately as they
could measure them. Tycho died in 1601 and after that Kepler had full access to Tycho’s data. He analyzed the data
for 8 years and tried to calculate an orbit that would fit the data, but was unable to do so. Kepler later determined
that the orbits were not circular but elliptical.

Kepler’s Laws of Planetary Motion

1. The orbits of the planets are elliptical.
2. An imaginary line connecting a planet and the sun sweeps out equal areas during equal time intervals.
(Therefore, the earth’s orbital speed varies at different times of the year. The earth moves fastest in its orbit
when closest to the sun and slowest when farthest away.) Kepler’s Second Law of Planetary Motion was
calculated for Earth, then the hypothesis was tested using data for Mars, and it worked!
3. Kepler’s Third Law of Planetary Motion showed the relationship between the size of a planet’s orbit radius,
R ( 12 the major axis), and its orbital period, T . R2 = T 3 This law is true for all planets if you use astronomical
units (that is, distance in multiples of earth’s orbital radium and time in multiples of earth years). Kepler’s
three laws replaced the cumbersome epicycles to explain planetary motion with three mathematical laws
that allowed the positions of the planets to be predicted with accuracies ten times better than Ptolemaic or
Copernican models.

Galileo and Newton

Galileo Galilei (1564-1642) was a very important person in the development of modern astronomy, both because of
his contributions directly to astronomy, and because of his work in physics. He provided the crucial observations that
proved the Copernican hypothesis, and also laid the foundations for a correct understanding of how objects moved
on the surface of the earth and of gravity. One could, with considerable justification, view Galileo as the father both
of modern astronomy and of modern physics.
Galileo did not invent the telescope, but he was the first to turn his telescope toward the sky to study the heavens
systematically. His telescope was poorer than even a cheap modern amateur telescope, but what he observed in
the heavens showed errors in Aristotle’s opinion of the universe and the worldview that it supported. Observations
through Galileo’s telescope made it clear that the “earth-centered” and “earth doesn’t move” solar system of Aristotle
was incorrect. Since church officials had made some of Aristotle’s opinions a part of the religious views of the
church, proving Aristotle’s views to be incorrect also pointed out flaws in the church.
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Galileo observed four points of light that changed their positions around the planet Jupiter and he concluded that
these were moons in orbit around Jupiter. These observations showed that there were new things in the heavens that
Aristotle and Ptolemy had known nothing about. Furthermore, they demonstrated that a planet could have moons
circling it that would not be left behind as the planet moved around its orbit. One of the arguments against the
Copernican system had been that if the moon were in orbit around the Earth and the Earth in orbit around the Sun,
the Earth would leave the Moon behind as it moved around its orbit.
Galileo used his telescope to show that Venus, like the moon, went through a complete set of phases. This observation
was extremely important because it was the first observation that was consistent with the Copernican system but not
the Ptolemaic system. In the Ptolemaic system, Venus should always be in crescent phase as viewed from the Earth
because the sun is beyond Venus, but in the Copernican system Venus should exhibit a complete set of phases over
time as viewed from the Earth because it is illuminated from the center of its orbit.
It is important to note that this was the first empirical evidence (coming almost a century after Copernicus) that
allowed a definitive test of the two models. Until that point, both the Ptolemaic and Copernican models described
the available data. The primary attraction of the Copernican system was that it described the data in a simpler
fashion, but here finally was conclusive evidence that not only was the Ptolemaic universe more complicated, it also
was incorrect.
As each new observation was brought to light, increasing doubt was cast on the old views of the heavens. It also
raised the credibility issue: could the authority of Aristotle and Ptolemy be trusted concerning the nature of the
Universe if there were so many things in the Universe about which they had been unaware and/or incorrect?
Galileo’s challenge of the Church’s authority through his refutation of the Aristotelian concept of the Universe
eventually got him into deep trouble. Late in his life he was forced, under threat of torture, to publicly recant his
Copernican views and spent his last years under house arrest. Galileo’s life is a sad example of the conflict between
the scientific method and unquestioned authority.
Sir Isaac Newton (1642-1727), who was born the same year that Galileo died, would build on Galileo’s ideas to
demonstrate that the laws of motion in the heavens and the laws of motion on the earth were the same. Thus Galileo
began, and Newton completed, a synthesis of astronomy and physics in which astronomy was recognized as but a
part of physics, and that the opinions of Aristotle were almost completely eliminated from both.
Many scientists consider Newton to be a peer of Einstein in scientific thinking. Newton’s accomplishments had even
greater scope than those of Einstein. The poet Alexander Pope wrote of Newton:
Nature and Nature’s laws lay hid in night;
God said, Let Newton be! and all was light.
In terms of astronomy, Newton gave reasons for and corrections to Kepler’s Laws. Kepler had proposed three Laws
of Planetary motion based on Tycho Brahe’s data. These Laws were supposed to apply only to the motions of the
planets. Further, they were purely empirical, that is, they worked, but no one knew why they worked. Newton
changed all of that. First, he demonstrated that the motion of objects on the Earth could be described by three new
Laws of motion, and then he went on to show that Kepler’s three Laws of Planetary Motion were but special cases
of Newton’s three Laws when his gravitational force was postulated to exist between all masses in the Universe.
In fact, Newton showed that Kepler’s Laws of planetary motion were only approximately correct, and supplied the
quantitative corrections that with careful observations proved to be valid.

The Big Bang Theory

The Big Bang Theory is the dominant and highly supported theory of the origin of the universe. It states that the
universe began from an initial point which has expanded over billions of years to form the universe as we now know
it.
In 1922, Alexander Friedman found that the solutions to Einstein’s general relativity equations resulted in an
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expanding universe. Einstein, at that time, believed in a static, eternal universe so he added a constant to his equations
to eliminate the expansion. Einstein would later call this the biggest blunder of his life.
In 1924, Edwin Hubble was able to measure the distance to observed celestial objects that were thought to be nebula
and discovered that they were so far away they were not actually part of the Milky Way (the galaxy containing our
sun). He discovered that the Milky Way was only one of many galaxies.
In 1927, Georges Lemaitre, a physicist, suggested that the universe must be expanding. Lemaitre’s theory was
supported by Hubble in 1929 when he found that the galaxies most distant from us also had the greatest red shift
(were moving away from us with the greatest speed). The idea that the most distance galaxies were moving away
from us at the greatest speed was exactly what was predicted by Lemaitre.
In 1931, Lemaitre went further with his predictions and by extrapolating backwards, found that the matter of the
universe would reach an infinite density and temperature at a finite time in the past (around 15 billion years). This
meant that the universe must have begun as a small, extremely dense point of matter.
At the time, the only other theory that competed with Lemaitre’s theory was the “Steady State Theory” of Fred
Hoyle. The steady state theory predicted that new matter was created which made it appear that the universe was
expanding but that the universe was constant. It was Hoyle who coined the term “Big Bang Theory” which he used
as a derisive name for Lemaitre’s theory.
George Gamow (1904 – 1968) was the major advocate of the Big Bang theory. He predicted that cosmic microwave
background radiation should exist throughout the universe as a remnant of the Big Bang. As atoms formed from
sub-atomic particles shortly after the Big Bang, electromagnetic radiation would be emitted and this radiation would
still be observable today. Gamow predicted that the expansion of the universe would cool the original radiation so
that now the radiation would be in the microwave range. The debate continued until 1965 when two Bell Telephone
scientists stumbled upon the microwave radiation with their radio telescope.

Summary

• Pythagoras was one of the first scientists to think that the earth was round.
• Aristotle concluded that the earth does not move and the celestial objects rotate around the earth in circular
orbits.
• Ptolemy designed the “wheels within wheels” design of the cosmos to agree with Aristotle’s ideas and to
provide an explanation of the retrograde motion of planets.
• Copernicus suggested a sun-centered system with the earth being one of the planets that revolve around the
sun.
• Galileo provided powerful support for the Copernican system with observations from his telescope.
• Kepler produced his three laws of planetary motion based on Tycho’s observations.
• Newton contributed his three laws of motion and the concept of gravity which provides the reasons for objects
following Kepler’s laws.
• Hubble provided evidence that the universe is larger than just the Milky Way and also provided evidence that
all other galaxies are moving away from our own galaxy.
• Lemaitre suggested the Big Bang Theory.
• Gamow predicted the 3K background radiation.
• Radio astronomers Arno Penzias and Robert Wilson ’stumbled upon’ the 3K background radiation while
researching other topics.

Practice

Questions
http://www.youtube.com/watch?v=i6B9j-SB1XU
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/64140

Follow up questions:
1. What type of telescope was used by Penzias and Wilson?
2. What did Penzias and Wilson first suspect was causing the extra radiation they were seeing?
3. What award did Wilson and Penzias win for their work?
Review

Questions
1.
2.
3.
4.

What was the name of the model of the universe with the earth at the center?
Who was the first to suggest a sun-centered solar system?
Why were epicycles necessary in Ptolemy’s model of the universe?
Tycho Brahe’s greatest contribution was
1. his theory that the solar system was heliocentric.
2. his invention of the telescope.
3. his accurate observations of stars and planets.

5. Astronomer Johannes Kepler
1. published ’Almagest’.
2. suggested elliptical orbits for planets.
3. invented the first radio telescope.
• retrograde motion: The temporary apparent motion of a body in a direction opposite to that of the motion of
most members of the solar system.
• epicycles: A construct of the geocentric model of the solar system which was necessary to explain observed
retrograde motion. Each planet rides on a small epicycle whose center in turn rides on a larger circle.
• heliocentric: The heliocentric model of astronomy is the theory that places the sun at the center of the solar
system, with all the planets orbiting around it.
• Big Bang theory: A theory that deduces a cataclysmic birth of the universe from the observed expansion of
the universe, cosmic background radiation, abundance of the elements, and the laws of physics.
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8.6 Satellites, Shuttles, and Space Stations
•
•
•
•

Describe tools astronomers use to study space.
Explain how rockets fly.
Explain how satellites stay in orbit.
Summarize the roles of the space shuttles.

Why are satellites important?
In 1900, a category 4 hurricane devastated Galveston, Texas. It claimed the lives of between 6,000 and 12,000
people. By contrast, the death toll from Hurricane Katrina was about 1,800 people. Why the difference? Although
Hurricane Katrina was a modern tragedy, it would have been much worse without the advance warning of many
weather satellites.
Rockets

Humans did not reach space until the second half of the 20th century. They needed somehow to break past Earth’s
gravity. A rocket moves rapidly in one direction. The device is propelled by particles flying out of it at high speed
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in the other direction.

How Rockets Work

Rockets were used for centuries in wars and for fireworks before anyone could explain how they worked. In 1687
Sir Isaac Newton developed his Laws of Motion. The third law says: To every action there is an equal and opposite
reaction. In other words, when a rocket’s propulsion pushes in one direction, the rocket moves in the opposite
direction ( Figure 8.15).

FIGURE 8.15
A rocket pushes in one direction so that it
moves in the opposite direction.

For a long time, many people believed that a rocket wouldn’t work in space. There would be nothing for the rocket
to push against. But they do work! Fuel is ignited in a chamber. The gases in the chamber explode. The explosion
creates pressure that forces the gases out of one side of the rocket. The rocket moves in the opposite direction (
Figure 8.16). The force pushing the rocket is called thrust.

A Rocket Revolution

For centuries, rockets were powered by gunpowder or other solid fuels. These rockets could travel only short
distances. Around the turn of the 20th century, liquid fuel rockets were developed. Liquid fuel gave the rockets
enough power to escape Earth’s gravity. By using multiple stages, empty fuel containers could drop away. This
reduced the mass of the rocket so that it could fly higher.

Satellites

One of the first uses of rockets in space was to launch satellites. A satellite is an object that orbits a larger object.
An orbit is a circular or elliptical path around an object. Natural objects in orbit are called natural satellites. The
Moon is a natural satellite. Human-made objects in orbit are called artificial satellites.
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FIGURE 8.16
This Space Shuttle launch shows how the
thrust of the rocket pushes the shuttle
upward into the sky.

How a Satellite Stays in Orbit

Newton’s law of universal gravitation describes how an object can orbit a planet. Every object in the Universe is
attracted to every other object by gravity. Gravity also keeps you from floating away into the sky. Why doesn’t
gravity cause satellites to crash into Earth?
Newton used an example to explain how gravity makes orbiting possible. Imagine a cannonball launched from a
high mountain ( Figure 8.17). If the cannonball is launched at a slow speed, it will fall back to Earth. This is
shown as paths (A) and (B). If the cannonball is launched at a fast speed, Earth curves away at the same rate that the
cannonball falls. The cannonball then goes into a circular orbit, as in path (C). If the cannonball is launched even
faster, it could go into an elliptical orbit (D). It might even leave Earth’s gravity and go into space (E).
Unfortunately, Newton’s idea would not work in real life. A cannonball launched at a fast speed from Mt. Everest
would burn up in the atmosphere. However, a rocket can launch straight up, then steer into orbit. It won’t burn up in
the atmosphere. So a rocket can carry a satellite above the atmosphere and then release the satellite into orbit.

Satellite Orbits

Satellites have different views depending on their orbit. Satellites may be put in a low orbit. These satellites orbit
from north to south over the poles. These satellites view a different part of Earth each time they circle. Imaging and
weather satellites need this type of view.
Satellites may be placed so that they orbit at the same rate the Earth spins. The satellite then remains over the same
location on the surface. Communications satellites are often placed in these orbits.

Types of Satellites

The first artificial satellite was launched just over 50 years ago. Thousands are now in orbit around Earth. Satellites
also orbit the Moon, the Sun, Venus, Mars, Jupiter, and Saturn. Satellites have many different purposes. There are
satellites for communications and navigation. There are satellites for taking pictures of a planet’s surface.
Dozens of satellites collect data about Earth. NASA’s Landsat satellites make detailed images of Earth’s continents
and coastal areas. Other satellites study the oceans, atmosphere, polar ice sheets, and other Earth systems. This data
helps us to monitor climate change. Other long-term changes in the planet are also best seen from space. Satellite
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FIGURE 8.17
Isaac Newton explained how a cannonball
fired from a high point with enough speed
could orbit Earth.

images help scientists understand how Earth’s systems affect one another. Different satellites monitor different
wavelengths of energy.

The Space Race

From the end of World War II in 1945 to the breakup of the Soviet Union (USSR) in 1991, the Soviet Union and
the United States were in a military, social, and political conflict, known as the Cold War. Although there were very
few actual military confrontations, each of the two countries was in an arms race — continually developing new and
more powerful weapons to try to best the other. While the arms race had many social and political consequences, it
helped to drive technology. For example, the development of missiles during the Cold War significantly sped up the
development of rocket technologies.
More information about the Space Race can be found athttp://www.nasm.si.edu/exhibitions/gal114/gal114.htm .

Sputnik

On October 4, 1957, the USSR launched the first artificial satellite ever put into orbit. Sputnik 1 ( Figure below
) was 58 cm in diameter and weighed 84 kg (184 lb). Antennas trailing behind the satellite sent out radio signals,
which were detected by scientists and amateur radio operators around the world. Sputnik 1 orbited in an LEO on
an elliptical path every 96 minutes. After about 3 months, the satellite slowed down enough to descend into Earth’s
atmosphere where it burned up as a result of friction.
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FIGURE 8.18

The launch of Sputnik 1 triggered the Space Race between the USSR and the United States. Many Americans were
shocked that the Soviets had the technology to put a satellite in orbit, and they worried that the Soviets might also
be winning the arms race. On November 3, 1957, the Soviets launched Sputnik 2, which carried the first animal to
go into orbit—a dog named Laika ( Figure below ).
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FIGURE 8.19

The Race Is On

In response to the Sputnik program, the United States launched its first satellite, Explorer I, on January 31, 1958, and
its second, Vanguard 1, on March 17, 1958. Later that year, the U.S. Congress and President Eisenhower established
NASA.
The Soviets stayed ahead of the United States for many notable “firsts,” but the United States soon followed with
some firsts of its own. The timeline in Table below shows many Space Race firsts.

TABLE 8.3: Space Race Timeline
Date
October 4, 1957
November 3, 1957
January 31, 1958
January 4, 1959
September 13, 1959

April 12, 1961

May 5, 1961

342

Accomplished
First artificial satellite,
first signals from space
First animal in orbit (the
dog Laika)
USA’s first artificial satellite
First human-made object
to orbit the Sun
First impact into another
planet or moon (the
Moon)
First manned spaceflight
and first manned orbital
flight (Yuri Gagarin)
USA’s first spaceflight
with
humans
(Alan
Shepherd)

Country
USSR

Name of Mission
Sputnik 1

USSR

Sputnik 2

USA

Explorer 1

USSR

Luna 1

USSR

Luna 2

USSR

Vostok 1

USA

Mercury-Redstone
(Freedom 7)
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TABLE 8.3: (continued)
Date
February 20, 1962

December 14, 1962
June 16, 1963

March 18, 1965

February 3, 1966

March 1, 1966
April 3, 1966

June 2, 1966

December 21, 1968

July 21, 1969

Accomplished
USA’s first orbital flight
with
humans
(John
Glenn)
First planetary flyby
(Venus)
First woman in space, first
woman in orbit (Valentina
Tereshkova)
First
extra-vehicular
activity
("spacewalk")
(Aleksei Leonov)
First soft landing on another planet or moon (the
Moon), first photos from
another world
First impact into another
planet (Venus)
First artificial satellite
around another world (the
Moon)
USA’s first soft landing
on the Moon, USA’s first
photos from the Moon
First humans to orbit another world (the Moon)
(James Lovell, Frank Borman, Bill Anders)
First humans on the Moon
(Neil Armstrong, Buzz
Aldrin)

Country
USA

Name of Mission
Mercury-Atlas 6 (Friendship 7)

USA

Mariner 2

USSR

Vostok 6

USSR

Voskhod 2

USSR

Luna 9

USSR

Venera 3

USSR

Luna 10

USA

Surveyor 1

USA

Apollo 8

USA

Apollo 11

The Space Race reached a peak in 1969 when the United States put the first human on the Moon. However, the
competition between the two countries’ space programs continued for many more years.

Reaching the Moon

On May 25, 1961, shortly after the first American went into space, President John F. Kennedy presented the following
challenge to the U.S. Congress ( Figure below ):
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FIGURE 8.20

Eight years later, NASA’s Apollo 11 mission achieved Kennedy’s ambitious goal. On July 20, 1969, astronauts Neil
Armstrong and Buzz Aldrin were the first humans to set foot on the moon ( Figure below ).

FIGURE 8.21

Space Stations

Humans have a presence in space at the International Space Station (ISS) ( Figure 8.22). Modern space stations
are constructed piece by piece to create a modular system. The primary purpose of the ISS is scientific research,
especially in medicine, biology, and physics.
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FIGURE 8.22
A photograph of the International Space Station was taken from the space
shuttle Atlantis in June 2007.

Space Shuttles

Craft designed for human spaceflight, like the Apollo missions, were very successful. They were also very expensive
and could not carry much cargo. They could be used only once. To outfit the ISS, NASA needed a space vehicle
that was reusable. It needed to be able to carry large pieces of equipment. The cargo might include satellites, space
telescopes, or sections of a space station. The resulting spacecraft is called a space shuttle ( Figure 8.23).

FIGURE 8.23
Atlantis on the launch pad in 2006. Since 1981, the space shuttle has
been the United States’ primary vehicle for carrying people and large
equipment into space.

A space shuttle has three main parts. The part you are probably most familiar with is the orbiter. The orbiter has
wings like an airplane. When a space shuttle launches, the orbiter is attached to a huge fuel tank that contains liquid
fuel. On the sides of the fuel tank are two large "booster rockets." All of this is needed to get the orbiter out of
Earth’s atmosphere. Once in space, the orbiter can be used to release equipment (such as a satellite or supplies for
the International Space Station). It can be used to repair existing equipment, such as the Hubble Space Telescope.
Astronauts can even do experiments directly on board the orbiter.
When the mission is complete, the orbiter re-enters Earth’s atmosphere. The craft flies back to Earth more like a
glider than an airplane. The Space Shuttle program did 135 missions between 1981 and 2011, when the remaining
shuttles were retired. Since the space shuttles have retired, the ISS is serviced by Russian Soyuz spacecraft.
You can visit the retired shuttles around the country:
•
•
•
•

Enterprise at the Intrepid Sea-Air-Space Museum, New York City.
Discovery at the National Air and Space Museum, Chantilly Virginia.
Atlantis at the Kennedy Space Center, Florida.
Endeavour at the California Science Center, Los Angeles.
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Vocabulary

•
•
•
•
•
•
•

orbit: Circular or elliptical path around an object.
orbiter: Main part of the space shuttle that has wings like an airplane.
rocket: Device propelled by particles flying out one end at high speed.
satellite: Object, either natural or human made, that orbits a larger object.
space shuttle: Reusable spacecraft capable of carrying large pieces of equipment or a space station.
space station: Large spacecraft in space on which humans can live for an extended period of time.
thrust: Forward force produced by gases escaping from a rocket engine.

Summary

• Rockets are propelled into space by particles flying out one end at high speed. This allows them to escape
gravity.
• Thousands of artificial satellites orbit Earth. Satellites are used for imaging, communications, navigation, and
human habitation.
• Space stations are continuously inhabited by humans. The humans reach the space station by space shuttle.
Explore More

Use the resources below to answer the questions that follow.
• How Do Satellites Help Study Earth at http://www.youtube.com/watch?v=KB3h4B6DDz4 (0:59)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/58925

1. How do scientists study Earth from space?
2. What does the Aqua satellite do?
3. What does the Terra satellite do?
• Landsat, the World’s Oldest Earth-Observing Satellite at http://www.youtube.com/watch?v=v50LJLXKp
8s (1:08)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/58926

4. What is Landsat?
5. Why is it important?
6. What has been learned from Landsat images?
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Review

1. How does a rocket work?
2. Why are there so many satellites orbiting Earth at this time?
3. How do artificial satellites stay in orbit? Is this how natural satellites, like the Moon, stay in orbit?
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8.7 Rotation of Earth
• Describe Earth’s rotation on its axis.
• Explain the day-night cycle.

How do you know Earth rotates?
Something amazing happens every day (unless you live very far north or very far south)! The amazing thing is that
the Sun rises in the east. It also sets in the west. We know that the Sun doesn’t actually move around Earth. What
causes the Sun to rise and set is that Earth rotates on its axis. This rotation creates day and night.
Earth’s Axis of Rotation

Imagine a line passing through the center of Earth. The line exits the planet at the top and at the bottom. The point
at the top is the North Pole. The point at the bottom is the South Pole. This imaginary line is called an axis. The
points are the north and south geographic poles. The geographic poles are different from the magnetic poles, and
they are in different places on the planet.
Earth spins around its axis, just as a top spins around its spindle. This spinning movement is called rotation. The
axis is Earth’s axis of rotation. Earth rotates on its axis once every 24 hours.
Day-Night Cycle

To an observer looking down at the North Pole, Earth appears to rotate counterclockwise. From nearly all points on
Earth, the Sun appears to move across the sky from east to west each day. Of course, the Sun is not moving from
east to west at all; Earth is rotating. The Moon and stars also seem to rise in the east and set in the west.
Earth’s rotation means that there is a cycle of daylight and darkness approximately every 24 hours. This is the length
of a day. Different places experience sunset and sunrise at different times, and the amount of daylight and darkness
also differs by location.
Vocabulary

• axis of rotation: Imaginary line that runs from the North Pole to South Pole through the center of Earth.
• rotation: Motion of the Earth spinning on its axis.
Summary

• Sun, Moon, and stars appear to travel from east to west each day.
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FIGURE 8.24

• Earth rotates on its axis every 24 hours.
• Earth’s rotation causes the day-night cycle.

Explore More

Use the resources below to answer the questions that follow.
• Earth Spin at http://www.youtube.com/watch?v=fD3P_l2sZFI (2:04)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/1480

1. Why does the Earth spin?
2. Why has the Earth’s spin slowed?
3. What will eventually happen to the Moon?

• Earth Rotation and Revolution at http://www.youtube.com/watch?v=lkWyM-M8o0c (0:28)
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/1481

4. How long does it take for the Earth to complete a rotation?
5. In what direction is the Earth rotating?
Review

1. What is an axis of rotation? Where is Earth’s axis of rotation?
2. Why do the Sun, Moon, and stars appear to rise in the east and set in the west?
3. What is the length of a day-night cycle? Is it the same everywhere on Earth?
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8.8 Solar Energy and Latitude
• Describe the different amounts of solar energy that strike at different latitudes.

This is Antarctica. What season is this?
The Sun is always up, even in the middle of the night. That’s the photo on the left. In the day, the Sun never gets too
high in the sky. That’s the photo on the right. So, this is summer. In the winter, it’s just dark in Antarctica.
Energy and Latitude

Different parts of Earth’s surface receive different amounts of sunlight ( Figure 8.25). The Sun’s rays strike Earth’s
surface most directly at the Equator. This focuses the rays on a small area. Near the poles, the Sun’s rays strike the
surface at a slant. This spreads the rays over a wide area. The more focused the rays are, the more energy an area
receives, and the warmer it is.

FIGURE 8.25
The lowest latitudes get the most energy
from the Sun. The highest latitudes get
the least.

The difference in solar energy received at different latitudes drives atmospheric circulation. Places that get more
solar energy have more heat. Places that get less solar energy have less heat. Warm air rise, and cool air sinks. These
principles mean that air moves around the planet. The heat moves around the globe in certain ways. This determines
the way the atmosphere moves.
Summary

• A lot of the solar energy that reaches Earth hits the Equator.
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• Much less solar energy gets to the poles.
• The difference in the amount of solar energy drives atmospheric circulation.
Explore More

Use the resource below to answer the questions that follow.
• The Effect of Latitude on Solar Heating at http://www.kidsgeo.com/geography-for-kids/0074-latitude-effe
cts-temperature.php
1.
2.
3.
4.

What is latitude?
What does latitude mean to the heating of the Earth?
Why do high latitudes receive less sunlight?
What is the angle of incidence?

Review

1. The North Pole receives sunlight 24 hours a day in the summer. Why does it receive less solar radiation than
the Equator?
2. What part of Earth receives the most solar radiation in a year? Why?
3. What makes the atmosphere move the way it does?
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8.9 Seasons
• Explain why seasons occur.
• Define summer solstice, winter solstice, and equinox.

Do you like the seasons?
Do you live in a place with well-defined seasons? Do you appreciate the change of the seasons? In other words, are
you happy that Earth’s axis is tilted?
Earth’s Seasons

Some people think that Earth is closer to the Sun in the summer and farther away from the Sun in the the winter.
But that’s not true! Why can’t that be true? Because when it’s summer in one hemisphere, it’s winter in the other.
So what does cause the seasons? The seasons are caused by the 23.5◦ tilt of Earth’s axis. One hemisphere points
more directly toward the Sun than the other hemisphere. As Earth orbits the Sun, the tilt of Earth’s axis stays lined
up with the North Star.
Solstice refers to the position of the Sun when it is closest to one of the poles. At equinox, the Sun is directly over
the Equator.
Northern Hemisphere Summer

During summer in the Northern Hemisphere, the North Pole is tilted toward the Sun. The Sun’s rays strike the
Northern Hemisphere more directly ( Figure below). The region gets a lot of sunlight. Summer solstice is June
21 or 22. At that time, the Sun’s rays hit directly at the Tropic of Cancer (23.5◦ N). This is the farthest north that
the Sun will be directly overhead. Summer solstice in the Northern Hemisphere is winter solstice in the Southern
Hemisphere.
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FIGURE 8.26

Northern Hemisphere Winter

Winter solstice for the Northern Hemisphere happens on December 21 or 22. The North Pole of
Earth’s axis points away from the Sun ( Figure below). Light from the Sun is spread out over a
larger area. With fewer daylight hours in winter, there is also less time for the Sun to warm the area.
When it is winter in the Northern Hemisphere, it is summer in the Southern Hemisphere.
An animation of the seasons from the University of Illinois is seen here: http://projects.astro.illinois.edu/data/Seas
ons/seasons.html . Notice the area of solar radiation, or insolation, in the lower right of the screen.

FIGURE 8.27

Equinox
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Equinox comes halfway between the two solstices. At equinoxes, the Sun’s rays shine most directly at the Equator
( Figure 8.28). The daylight and nighttime hours are exactly equal on an equinox. The autumnal, or fall, equinox
happens on September 22 or 23. The vernal, or spring, equinox happens March 21 or 22 in the Northern Hemisphere.

FIGURE 8.28
Where
equinox,

sunlight

reaches

summer

on

solstice,

spring
vernal

equinox, and winter solstice. The time is
9:00 p.m. Universal Time, at Greenwich,
England.

Vocabulary

• equinox: When the Sun is directly above the Equator.
• solstice: When the Sun is closest to one of the poles.
• summer solstice: When the Sun is directly above the Tropic of Cancer. This is the longest day of the year in
the Northern Hemisphere and the shortest in the Southern Hemisphere.
• winter solstice: When the Sun is directly above the Tropic of Capricorn. This is the longest day of the year in
the Southern Hemisphere and the shortest in the Northern Hemisphere.

Summary

• Earth has seasons because of the (23.5◦ ) tilt of its axis of rotation.
• In the Northern Hemisphere, at summer solstice the Sun is closest to the North Pole (around June 22). At
winter solstice, the Sun is closest to the South Pole (around December 22). In the Southern Hemisphere, the
names are changed.
• At equinox, the Sun is directly over the Equator. Autumnal equinox is around September 22. Spring equinox
is around March 22.
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Explore More

Use the resource below to answer the questions that follow.
• Seasons and Earth-Sun Relations at http://www.youtube.com/watch?v=O9hawBb3wbk (1:27)
Use the link below to simulate the seasons and answer and the following questions.
• Cool Seasons Simulator: http://astro.unl.edu/naap/motion1/animations/seasons_ecliptic.swf
• Turn the dial to June and and observe. Turn the dial to December and observe. What differences and
similarities do you recognize?
• What do you see as your ideal temperature? Which are the settings for the year to make this happen?

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/1476

1.
2.
3.
4.
5.

What causes Earth’s seasons?
What is the longest day of the year in the Northern Hemisphere?
What occurs at the equinoxes?
What happens during the winter solstice?
When is it summer in the Southern Hemisphere?

Review

1. Imagine that it is summer solstice in the Northern Hemisphere. What is the date, and where is the Sun? What
is happening in the Southern Hemisphere?
2. Describe why Earth has seasons.
3. What are equinoxes? When do they come?

356

www.ck12.org

Chapter 8. Solar System

8.10 Tides
• Describe types of tides.
• Explain what causes tides.

Did you ever build a sandcastle?
A sandcastle only lasts until the next tide comes in. To build a sand castle the sand must be moist enough for the
grains to stick together. So it has to be near the water. But that puts the castle in position to be buried by the next
high tide. Oh well. You can build another one when the tide goes back out!
Tides

Tides are daily changes in the level of ocean water. They occur all around the globe. High tides occur when the
water reaches its highest level in a day. Low tides occur when the water reaches its lowest level in a day. Tides keep
cycling from high to low and back again. In most places the water level rises and falls twice a day. So there are two
high tides and two low tides approximately every 24 hours.
Below, you can see the difference between high and low tides ( Figure 8.29). This is called the tidal range.
Why Tides Occur

The figure below shows why tides occur ( Figure 8.30). The main cause of tides is the pull of the Moon’s gravity on
Earth. The pull is greatest on whatever is closest to the Moon. Although the gravity pulls the land, only the water
can move. As a result:
• Water on the side of Earth facing the Moon is pulled hardest by the Moon’s gravity. This causes a bulge of
water on that side of Earth. That bulge is a high tide.
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FIGURE 8.29
Where is the intertidal zone in this picture?

• Earth itself is pulled harder by the Moon’s gravity than is the ocean on the side of Earth opposite the Moon.
As a result, there is bulge of water on the opposite side of Earth. This creates another high tide.
• With water bulging on two sides of Earth, there’s less water left in between. This creates low tides on the other
two sides of the planet.

FIGURE 8.30
High and low tides are due mainly to the
pull of the Moon’s gravity.

Spring Tides and Neap Tides

The Sun’s gravity also pulls on Earth and its oceans. The Sun is much larger than the Moon, so is its pull greater
than the Moon’s? The pull of the Sun’s gravity is much less because the Sun is much farther away. The Sun’s gravity
strengthens or weakens the Moon’s influence on tides.
The figure below shows where the Moon is relative to the Sun at different times during the month ( Figure 8.31).
The positions of the Moon and Sun relative to each other affects the tides. This creates spring tides or neap tides.
• Spring tides occur during the new moon and full moon. The Sun and Moon must either be in a straight line
on the same side of Earth, or they must be on opposite sides of Earth. Their gravitational pull combines to
cause very high and very low tides. Spring tides have the greatest tidal range.
• Neap tides occur during the first and third quarters of the Moon. The Moon and Sun are at right angles to each
other. Their gravity pulls on the oceans in different directions so the highs and lows are not as great. Neap
tides have the smallest tidal range.
358

www.ck12.org

Chapter 8. Solar System

FIGURE 8.31
The Sun and Moon both affect Earth’s
tides.

This animation shows the effect of the Moon and Sun on the tides: http://www.onr.navy.mil/focus/ocean/motion/t
ides1.htm .
A detailed animation of lunar tides is shown here: http://www.pbs.org/wgbh/nova/venice/tides.html .
Here is a link to see these tides in motion: http://oceanservice.noaa.gov/education/kits/tides/media/tide06a_450.gif
.
A simple animation of spring and neap tides is found here: http://oceanservice.noaa.gov/education/kits/tides/media/
supp_tide06a.html .
Studying ocean tides’ rhythmic movements helps scientists understand the ocean and the Sun/Moon/Earth system.
This QUEST video explains how tides work, and visits the oldest continually operating tidal gauge in the Western
Hemisphere.
Watch it at: http://www.kqed.org/quest/television/science-on-the-spot-watching-the-tides .

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/116518

Vocabulary

• high tide: Highest water levels during a day; high tides are caused by the gravitational pull of the Moon.
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• low tide: Lowest water levels during a day; these occur when high tide is one-quarter of the way around
Earth’s sphere.
• neap tide: Smallest tidal range in a lunar month; this coincides with the first- and third-quarter moons when
the Sun and Moon are at 90o relative to each other.
• spring tide: Large tidal range that occurs when the Moon, Sun, and Earth area aligned; this happens at full
and new moon phases.
• tidal range: The difference between the high and low tide in a day.
• tide: Regular rising and falling of Earth’s surface waters twice a tidal day; this is the result of the gravitational
attraction of the Moon and Sun on Earth.
Summary

• The primary cause of tides is the gravitational attraction of the Moon. This causes two high and two low tides
a day.
• When the Sun’s and Moon’s tides match, there are spring tides. When the two tides are opposed, there are
neap tides.
• The difference between the daily high and the daily low is the tidal range.
Explore More

Use the resource below to answer the questions that follow.
• Tides at http://www.teachertube.com/viewVideo.php?video_id=655&title=The_Mystery_of_Earth_s_Tides
1.
2.
3.
4.

How often do high tides occur?
What are tides?
What is a tidal bulge?
How is the tidal bulge created?

Review

1. How does the Moon make two high and two low tides a day?
2. How does the Sun make two high and two low tides a day?
3. What causes spring tides? What causes neap tides?
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