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© Start your engines with an activity!

Get motivated to learn by doing the two
activities at the beginning of each chapter.
The Pre-Reading Activity helps you
organize information as you read the
chapter. The Start-up Activity helps you
gain scientific understanc_jmg of the topic
through hands-on experience.
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: 5::? i:ade dogsn't have :
to be hard!

A Reading Strategy at t_he
beginning of every section
provides tips to help you
remember and/or organize
" the information covered
* in the section.
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! Science and math go hand in hand.

The Math Focus and Math Practice items
show you many ways that math applies
directly to science and vice versa.
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You may not realize it at
first, but different subjects
are related to each other in
many ways. Each Connection
explores a topic from
the viewpoint of another
discipline. In this way,

all of the subjects you
learn about in school
merge to improve your
understanding of the
world around you.
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How to Use Your Texthook

Your Roadmap for Success with Holt Science and Technology

Reading Warm-Up

A Reading Warm-Up at the beginning
of every section provides you with
the section’s objectives and key terms.
The obijectives tell you what you'll
need to know after you finish reading
the section.

Key terms are listed for each section.
Learn the definitions of these terms
because you will most likely be tested
on them. Each key term is highlighted
in the text and is defined at point of use
and in the margin. You can also use the
glossary to locate definitions quickly.

STUDY TIP Reread the objectives and
the definitions to the key terms when
studying for a test to be sure you know
the material.

Get Organized

A Reading Strategy at the beginning of
every section provides tips to help you
organize and remember the information
covered in the section. Keep a science
notebook so that you are ready to take
notes when your teacher reviews the
material in class. Keep your assignments
in this notebook so that you can review

them when studying for the chapter test.

Be Resourceful —Use the Web

Internet Connect
boxes in your textbook take you
to resources that you can use

for science projects, reports, and
research papers. Go to scilinks.org,
and type in the SciLinks code to
get information on a topic.

How to Use Your Textbook

READING WARM-UP

Objectives

@ Describe homeostasis and what
happens when it is disrupted.

@® Describe how tissues, organs, and
organ systems are related.

@ List 12 organ systems.

@ Identify how organ systems work
together to maintain homeostasis.

Terms to Learn
homeostasis
tissue

organ

READING STRATEGY

Reading Organizer As you read this
section, make a concept map by using
the terms above.

homeostasis the maintenance
of a constant internal state in a
changing environment

Figure 1 These penguins
have adaptations that help
them maintain homeostasis
in the cold environment in

which they live.

148  Chapters

Introduction to
Body Systems

Imagine jumping into a lake. At first, your body feels very
cold. You may even shiver. But eventually you get used to
the cold water. How does this happen?

Your body gets used to cold water because of homeostasis
(HoH mee oH STAY sis). Homeostasis is the maintenance of a
stable internal environment in the body. When you jump into
a cold lake, homeostasis helps your body stay warm.

Staying in Balance

The environment around you is always changing. Your body
has to adjust to these conditions. For example, generally, on
a hot day, your body is able to react to maintain your body
temperature and avoid overheating. As shown in Figure 1, all
living organisms have to maintain homeostasis.

Maintaining homeostasis is not easy. Your body needs nutri-
ents and oxygen. Your body needs wastes removed. And your
body needs to defend itself against disease. A single cell cannot
do all of these jobs for the entire body. Fortunately, your body
has many kinds of cells. Some cells remove wastes. Other cells
carry oxygen or defend your body against disease. Together,
these cells help your internal environment stay stable.

[———

Body Organization and Structure

Visit go.hrw.com

Find worksheets, Current Scienceg
magazine articles online, and other
materials that go with your textbook
at go.hrw.com. Click on the textbook
icon and the table of contents to see

all of the resources for each chapter.
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Use the lllustrations and Photos
Art shows complex ideas and processes.
Learn to analyze the art so that you
better understand the material you read
in the text.

Tables and graphs display important
information in an organized way to help
you see relationships.

A picture is worth a thousand words.
Look at the photographs to see relevant
examples of science concepts that you
are reading about.
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e e . o Thinking items challenge you to think

to find connections that you infer from
the text.

— STUDY TIP When you can’t answer a
question, reread the section. The answer

ol L g ' ' Py about the material in greater depth and

Nervous System Your  Digestive System Your Lymphatic System Endocrine System

nervous system receives  digestive system breaks  The lymphatic system  Your glands send out .

and sends electrical down the food you eat  returns leaked fluids to  chemical messages, 1S usually ther e.
messages throughout into nutrents that your  blood vessels and helps  which control body

your body. body can absorb. defend against disease.  functions.

Do Your Homework
using Key Terms Critcal Thinking Your teacher may assign worksheets to

1. In your own words, write a defi- 5. Applying Concepts The circu-
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B, . Answering the items in the Chapter
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chapter test.
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Visit Holt Online Learning
If your teacher gives you a special password to Visit CNN Student News
log onto the Holt Online Learning site, you'll You'll find up-to-date
find your complete textbook on the Web. In events in science at
addition, you’ll find some great learning tools cnnstudentnews.com.
and practice quizzes. You'll be able to see how
well you know the material from your textbook.
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Exploring, inventing,
and investigating are
essential to the study
of science. However,
these activities can also
be dangerous. To make
sure that your experi-
ments and explorations are safe, you
must be aware of a variety of safety
guidelines. You have probably heard
of the saying, “It is better to be safe
than sorry.” This is particularly true

Safety Rules!

Start Out Right

Always get your teacher’s permission
before attempting any laboratory explo-
ration. Read the procedures carefully, and
pay particular attention to safety informa-
tion and caution statements. If you are
unsure about what a safety symbol means,
look it up or ask your teacher. You cannot
be too careful when it comes to safety.
If an accident does occur, inform your
teacher immediately regardless of how
minor you think the accident is.

If you are instructed to

note the odor of a sub-
stance, wave the fumes
toward your nose with

your hand. Never put

" your nose close to the

source.

in a science classroom where experi-
ments and explorations are being
performed. Being uninformed and
careless can result in serious injuries.
Don’t take chances with your own
safety or with anyone else’s.

The following pages describe impor-
tant guidelines for staying safe in the
science classroom. Your teacher may
also have safety guidelines and tips
that are specific to your classroom and
laboratory. Take the time to be safe.

Safety Symbols

All of the experiments and investigations
in this book and their related worksheets
include important safety symbols to alert
you to particular safety concerns. Become
familiar with these symbols so that when
you see them, you will know what they
mean and what to do. It is important that
you read this entire safety section to learn
about specific dangers in the laboratory.

6O

Eye Clothing Hand
protection protection safety
Heating Electric Chemical
safety safety safety
Animal Sharp Plant
safety object safety
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Eye Safety @

Wear safety goggles when working around
chemicals, acids, bases, or any type of
flame or heating device. Wear safety
goggles any time there is even the slight-
est chance that harm could come to your
eyes. If any substance gets into your eyes,
notify your teacher immediately and flush
your eyes with running water for at least
15 minutes. Treat any unknown chemical
as if it were a dangerous chemical. Never
look directly into the sun. Doing so could
cause permanent blindness.

Avoid wearing contact lenses in a labo-
ratory situation. Even if you are wearing
safety goggles, chemicals can get between
the contact lenses and your eyes. If your
doctor requires that you wear contact
lenses instead of glasses, wear eye-cup
safety goggles in the lab.

Safety Equipment

Know the locations of the near-
est fire alarms and any other
safety equipment, such as fire
blankets and eyewash fountains,
as identified by your teacher,
and know the procedures for
using the equipment.

Neatness

Keep your work area free of all unneces-
sary books and papers. Tie back long hair,
and secure loose sleeves or other loose
articles of clothing, such as ties and
bows. Remove dangling jewelry. Don’t
wear open-toed shoes or sandals in the
laboratory. Never eat, drink, or apply
cosmetics in a laboratory setting. Food,
drink, and cosmetics can easily become
contaminated with dangerous materials.

Certain hair products (such as aerosol
hair spray) are flammable and should not
be worn while working near an open
flame. Avoid wearing hair spray or hair
gel on lab days.

Sharp/Pointed Objects 9

Use knives and other sharp instruments
with extreme care. Never cut objects while
holding them in your hands. Place objects
on a suitable work surface for cutting.

Be extra careful when
using any glassware.
When adding a heavy
object to a graduated
cylinder, tilt the cylinder
so that the object slides
slowly to the bottom.

Safety First!



XXviii

Heat @ e Q

Wear safety goggles when using a heat-
ing device or a flame. Whenever possible,
use an electric hot plate as a heat source
instead of using an open flame. When
heating materials in a test tube, always
angle the test tube away from yourself and
others. To avoid burns, wear heat-resistant
gloves whenever instructed to do so.

Electricity 0

Be careful with electrical cords. When
using a microscope with a lamp, do not
place the cord where it could trip some-
one. Do not let cords hang over a table
edge in a way that could cause equipment
to fall if the cord is accidentally pulled. Do
not use equipment with damaged cords.
Be sure that your hands are dry and that
the electrical equipment is in the “oft”
position before plugging it in. Turn off
and unplug electrical equipment when
you are finished.

Safety First!

Chemicals @ e & @

Wear safety goggles when handling any
potentially dangerous chemicals, acids, or
bases. If a chemical is unknown, handle it
as you would a dangerous chemical. Wear
an apron and protective gloves when you
work with acids or bases or whenever you
are told to do so. If a spill gets on your
skin or clothing, rinse it off immediately
with water for at least 5 minutes while
calling to your teacher.

Never mix chemicals unless your
teacher tells you to do so. Never taste,
touch, or smell chemicals unless you are
specifically directed to do so. Before work-
ing with a flammable liquid or gas, check
for the presence of any source of flame,
spark, or heat.
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Animal Safety @

Always obtain your teacher’s permission
before bringing any animal into the
school building. Handle animals only
as your teacher directs. Always treat
animals carefully and respectfully. Wash
your hands thoroughly after handling
any animal.

Plant Safety &

Do not eat any part of a plant or plant
seed used in the laboratory. Wash your
hands thoroughly after handling any
part of a plant. When in nature, do not
pick any wild plants unless your teacher
instructs you to do so.

Glassware

Examine all glassware before use. Be sure
that glassware is clean and free of chips
and cracks. Report damaged glassware to
your teacher. Glass containers used for
heating should be made of heat-resistant
glass.




“1

Science in
Our World

SECTION T Science and Scientists.. 4
SECTION 2 Scientific Methods. .. .. 10
SECTION @ Scientific Models ...... 18

SECTION @ Tools, Measurement,

and Safety ........... 22
ChapterLab..................... pl:]
Chapter Review ................. 30
Standardized Test Preparation ..... 32
Science in Action. ................ 34

About the

What happened to the legs of these frogs? Sci-
ence can help answer this question. Deformed
frogs, such as the ones in this photo, have
been found in the northern United States and
southern Canada. Scientists and students like
you have been using science to find out how
frogs may develop deformities.

2 Chapter 1

Layered Book Before
you read the chapter, create
the FoldNote entitled
“Layered Book” described in the Study
Skills section of the Appendix. Label the
tabs of the layered book with “Examples
of life scientists,” “Scientific methods,”
“Scientific models,” and “Tools, measure-
ment, and safety.” As
you read the chapter,
write information
you learn about each
category under the
appropriate tab.
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A Little Bit of Science

In this activity, you'll find out that you can learn
about the unknown without having to see it.

Procedure

1. Your teacher will give you a coffee can to which a
sock has been attached. Do not look into the can.

2. Reach through the opening in the sock. You will
feel several objects inside the can.

3. Record observations you make about the objects
by feeling them, shaking the can, and so on.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

4. What do you think is in the can? List your guesses.
State some reasons for your guesses.

5. Pour the contents of the can onto your desk.
Compare your list with what was in the can.
Analysis

1. Did you guess the contents of the can correctly?
What might have caused you to guess wrongly?

2. What observations did you make about each of
the objects while they were in the can? Which of
your senses did you use?

Science in Our World




READING WARM-UP

Objectives

@ Describe three methods of
investigation.

@ Identify benefits of science in the
world around you.

@ Describe five jobs that use science.

Terms to Learn
science

READING STRATEGY

Prediction Guide Before reading
this section, write the title of each
heading in this section. Next, under
each heading, write what you think
you will learn.

science the knowledge obtained
by observing natural events and
conditions in order to discover facts
and formulate laws or principles that
can be verified or tested

Why do
leaves change

color in the
fall?

Why did
the dinosaurs
die out?

when they
migrate?

How do
birds know (@)
where to go o

Science and Scientists

You are enjoying a picnic on a summer day. Crumbs from
your sandwich fall to the ground, and ants carry the crumbs
away. You wonder, Why do ants show up at picnics?

Congratulations! You just took one of the first steps of being a
scientist. How did you do it? You observed the world around
you. Then, you asked a question about your observations. And
asking a question is part of what science is all about.

Start with a Question

The world around you is full of amazing things. Single-celled
algae float unseen in ponds. Volcanoes erupt with explosive
force. Mars may have had water in the past. And 40-ton whales
glide through the oceans. These things or others, such as those
shown in Figure 1, may lead you to ask a question. A question
is the beginning of science. Science is the knowledge obtained
by observing the natural world in order to discover facts and to
formulate laws and principles that can be verified or tested.

' [T N e T /@ What is science? (See the Appendix for answers to
Reading Checks.)

In Your Own Neighborhood

Take a look around your home, school, and neighborhood.
Often, you take things that you use or see every day for
granted. But one day you might look at something in a new
way. That’s when a question hits you! The student in Figure 1
didn’t have to look very far to realize that he had some ques-
tions to ask.

The World and Beyond

You don’t have to stop at questions about things in your
neighborhood. Ask questions about atoms or galaxies, pandas
and bamboo, or earthquakes. A variety of plants and animals
live in a variety of places. And each place has a unique com-
bination of rocks, soil, and water.

You can even ask questions about places other than those
on Earth. Look outward to the moon, the sun, and the
planets in our solar system. Beyond that, you have the rest
of the universe! There are enough questions to keep scientists
busy for a long time.

Figure 1 Part of science is asking
questions about the world around you.
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Investigation: The Search for Answers

After you ask a question, it’s time to look for an answer. But
how do you start your investigation? Several methods may
be used.

Research

You can find answers to some of your questions by doing
research, as Figure 2 shows. You can ask someone who knows a
lot about the subject of your question. You can find information
in textbooks, encyclopedias, and magazines. You can search on
the Internet. You might read a report of an experiment that
someone did. But be sure to think about the sources of your
information. Use information only from reliable sources.

Observation

You can also find answers to questions by making careful
observations. For example, if you want to know how spiders
spin their webs, look for a web. When you find one, return
to observe the spider as it spins. But be careful in making
observations. Sometimes, what people expect to observe affects
what they do observe. For example, most plants need light to
grow. Does that mean that all plants need bright sunlight? Do
some plants prefer shade? Some people might “observe” that
bright light is the only answer. To test an observation, you
may have to do an experiment.

Experimentation

You might answer the question about light and shade by
doing a simple experiment, such as the one shown in Figure 3.
Your research and your observations can help you plan your
experiment. What should you do
if your experiment needs some-
thing that is hard to get? For
example, what do you do if you
want to know whether a certain
plant grows in space? Don’t give
up! Try to find results from some-
one else’s experiment!

Figure 3 This student is doing
an experiment to find out whether
this type of plant grows better in
shade or in direct sunlight.
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Figure 2 A library is a good

place to begin your search for

answers.
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Ask a Question

The next time you're outside,
look carefully around you.
Think of a science-related
question that you would like
to answer. Write the ques-
tion in your science journal.
Discuss with a parent which
methods of investigation
would be most likely to help
you answer your question.
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How do certain
chemicals affect
the virus that causes

AIDS?

Figure 4 Abdul Lakhani
studies AIDS to find a cure
for the disease.

Why Ask Questions?

Although scientists cannot answer every question immediately,
they do find some interesting answers. Do any of the answers
really matter? Absolutely! As you study science, you will see
how science affects you and society around you.

Fighting Diseases

Polio is a disease that can cause paralysis by affecting the brain
and nerves. Do you know anyone who has had polio? You
probably don’t. But in 1952, polio infected 58,000 Americans.
Fortunately, vaccines developed in 1955 and 1956 have elimi-
nated polio in the United States. In fact, the virus that causes
polio has been wiped out in most of the world.

Today, scientists are searching for cures for diseases such as
mad cow disease, tuberculosis, and acquired immune deficiency
syndrome (AIDS). The scientist in Figure 4 is learning more
about AIDS, which kills millions of people every year.

Saving Resources

Science also helps answer the question, How can we make
resources last longer? Recycling is one answer. Think about
the last time that you recycled an aluminum can. By recycling
that can, you saved more than just the aluminum, as Figure 5
shows. Using science, people have developed more-efficient
methods and better equipment for recycling aluminum, paper,
steel, glass, and even some plastics. In this way, science helps
make resources last longer.

@i {IED Resources Saved Through Recycling

fO Compared with producing aluminum from its ore,
'::E recycling 1 metric ton (1.1 tons) of aluminum:

produces 95% less saves 4 metric tons
air pollution (4.4 tons) of ore

produces 4 metric
} tons (4.4 tons) fewer

uses 14,000 kWh

chemical products less energy

&. produces 97% less

L~ ~— .
' water pollution

6 Chapter 1 Science in Our World
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Answering Society’s Questions

Sometimes, society faces a question that does not seem to have
an immediate answer. For example, at one time, the question of
how to reduce air pollution did not have any obvious, reason-
able answers. The millions of people who depended on their
cars could not just stop driving. As the problem of air pollu-
tion became more important to people, scientists developed
different technologies to address it For example, one source
of air pollution is exhaust from cars. Through science, people
have developed cleaner-burning gasoline. People have even
developed new ways to clean up exhaust before it leaves the
tailpipe of a car!

' [ Mo EId 4 How can society influence the types of tech-

nologies that are developed?

Scientists All Around You

Believe it or not, scientists work in many different places. If
you think about it, any person who asks questions and looks
for answers could be called a scientist! Keep reading to learn
about just a few people who use science in their jobs.

Zoologist

A zoologist (zoh AHL uh jist) is a person who studies the lives
of animals. Dale Miquelle, shown in Figure 6, is part of a team
of Russian and American zoologists studying the Siberian tiger.
The tigers have almost become extinct after being hunted and
losing their homes. By learning about the tigers’ living space
and food needs, zoologists hope to make a plan that will help
the tigers survive better in the wild.

space does a
= tiger need in order
to survive?

Section 1
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cowscnon,rog\&
Biologys
Technology and Aging Peo-
ple are living longer than ever
before. Research some of the
health problems that elderly
people may face, such as
heart or vision problems. Then,
research how these health
problems are influencing the
development of new technol-
ogies. Make a poster illustrat-
ing one of these problems
and one or more technologies
being developed to address it.

\— el

Figure 6 To learn how much
land a Siberian tiger covers,
Dale Miquelle tracks a tiger
that is wearing a radio-
transmitting collar.

Science and Scientists 7



Figure 7 This
geochemist may
work outdoors
when collecting
rock samples from
the field. Then, he
may work indoors
as he analyzes
the samples in his
laboratory.

Figure 8 A mechanic can help
keep a car’s engine running
smoothly.

Geochemist

Some scientists work outdoors most of the time. Other scien-
tists spend much of their time in the laboratory. A geochemist
(e oh KEM ist), such as the one shown in Figure 7, may work
in both places. A geochemist is a person who specializes in the
chemistry of rocks, minerals, and soil.

Geochemists determine the economic value of these materi-
als. They also try to find out what the environment was like
when these materials formed and what has happened to the
materials since they first formed.

Mechanic

Do you have a machine that needs repairs? Call a mechanic,
such as Gene Webb in Figure 8. Mechanics work on everything
from cars to the space shuttle. Mechanics use science to solve
problems. Mechanics must find answers to questions about
why a machine is not working. Then, they must find a way
to make it work. Mechanics also think of ways to improve the
machine, to make it work faster or more efficiently.

Oceanographer

An oceanographer studies the ocean. Some oceanographers study
waves and ocean currents. Others study plants and animals that
live in the ocean. Still others study the ocean floor, including
how it forms.

While studying the ocean floor, oceanographers discovered
black smokers. Black smokers are cracks where hot water
(around 300°C!) from beneath Earth’s surface comes up. These
vents in the ocean floor are home to some strange animals,
including red-tipped tube worms and blind white crabs.

8 Chapter 1 Science in Our World
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Volcanologist

If black smokers aren’t hot enough for you, per-
haps you would like to become a volcanologist
(vaHL kuh NAHL uh jist). A volcanologist studies
one of Earth’s most interesting processes-volca-

noes. The volcanologist shown in Figure 9 is pho-
tographing lava flowing from Mt. Etna, a volcano
in Italy. Mt. Etna’s lava may reach temperatures of
1,050°C. By learning more about volcanoes, volca-
nologists hope to get better at predicting when a
volcano will erupt. Being able to predict eruptions

would help save lives.

WATITXLITZd What does a volcanologist do?

SECTION
Review

Summaryj

@ Science is a process of
gathering knowledge
about the natural world
by making observations
and asking questions.

@ Science begins by asking
a question.

@ Even if science cannot
answer the question
right away, the answers
that scientists find may
be very important.

@® A question may lead
to a scientific investiga-
tion, including research,
observations, and
experimentation.

@ Science can help save
lives, fight diseases, save
resources, and protect
the environment.

@ A variety of people may
become scientists for a
variety of reasons.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Figure 9 Volcanologists gain a better
understanding of the inside of the Earth
by studying the makeup of lava.

Using Key Terms

1. In your own words, write a defi-
nition for the term science.

Understanding Key Ideas

2. A zoologist might study any of
the following EXCEPT

a. shellfish living in ponds.

b. the reason that mole rats live
in large groups underground.

c. environmental threats to sea
turtles.

d. rocks and minerals in the
Painted Desert.

3. Describe five careers that use
science.

4. How are observation and experi-
mentation different?

5. How may what people expect
to observe affect what they do
observe? How can people avoid
this problem?

Math Skills

6. Students in a science class col-
lected 50 frogs from a pond.
They found that 15 of the frogs
had serious deformities. What
percentage of the frogs had
deformities?

Critical Thinking

7. Making Inferences An ad for
deluxe garbage bags says that
the bags are 30% stronger than
regular garbage bags. Describe
how science can help you find
out if this claim is true.

8. Identifying Relationships

Make a list of three things that
you consider to be a problem in
society. Give an example of how
new technology might solve
these problems.

9. Applying Concepts Look at

Figure 9. Write five questions
about what you see. Describe
how science might help you
answer your questions. Share
your questions with your class-
mates.

[ ]
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For a variety of links related to this
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READING WARM-UP

Objectives

@ Explain why scientists use scientific
methods.

@ Determine the appropriate design of
a controlled experiment.

@ Use information in tables and graphs
to analyze experimental results.

@ Explain how scientific knowledge can
change.

Terms to Learn
scientific methods
hypothesis

controlled experiment
variable

READING STRATEGY

Reading Organizer As you read this
section, make a flowchart of the possible
steps in scientific methods.

scientific methods a series of
steps followed to solve problems

Make

Observations

Figure 1 Scientific
methods often include
the same steps, but

Scientific Methods

Imagine that your class is on a field trip to a wildlife refuge.
You discover several deformed frogs. You wonder what could
be causing the frogs’ deformities.

A group of students from Le Sueur, Minnesota, actually made
this discovery! By making observations and asking questions
about the observations, the students used scientific methods.

What Are Scientific Methods?

When scientists observe the natural world, they often think
of a question or problem. But scientists don’t just guess at
answers. They use scientific methods. Scientific methods are
the ways in which scientists follow steps to answer questions
and solve problems. The steps used for all investigations are
the same. But the order in which the steps are followed may
vary, as shown in Figure 1. Scientists may use all of the steps
or just some of the steps during an investigation. They may
even repeat some of the steps. The order depends on what
works best to answer the question. No matter where scientists
work or what questions they try to answer, all scientists have
two things in common. They are curious about the natural
world, and they use similar methods to investigate it.

' I ELL 1N e/ What are scientific methods? (See the Appendix
for answers to Reading Checks.)

Aska.

Question

Form a
Hypothesis

the steps may not — Test the
be used in the same pr— Hypothesis
order every time.
4
Draw Conclusions
Do they support .
your hypothesis? Communicate
— ﬂ Results

10 Chapter 1

Science in Our World

Copyright © by Holt, Rinehart and Winston. All rights reserved.



Ask a Question

Have you ever observed something out of the ordinary or dif-
ficult to explain? Such an observation usually raises questions.
For example, about the deformed frogs you might ask, “Could
something in the water be causing the frog deformities?” Look-
ing for answers may include making more observations.

Make Observations

After the students in Minnesota realized something was wrong
with the frogs, they decided to make additional, careful obser-
vations, as shown in Figure 2. They counted the number of
deformed frogs and the number of normal frogs they caught.
They also photographed the frogs, took measurements, and
wrote a thorough description of each frog.

In addition, the students collected data on other organisms
living in the pond. They also conducted many tests on the
pond water and measured things such as the level of acidity.
The students carefully recorded their data and observations.

Accurate Observations

Any information that you gather through your senses is an
observation. Observations can take many forms. They may be
measurements of length, volume, time, speed, or loudness.
They may describe the color or shape of an organism. Or they
may record the behavior of organisms in an area. The range
of observations that a scientist can make is endless. But no
matter what observations reveal, they are useful only if they
are accurately made and recorded. Scientists use many standard
tools and methods to make and record observations. Examples
of these tools are shown in Figure 3.

Figure 2 Making careful
observations is often the first
step in an investigation.

Figure 3 Microscopes,
rulers, and thermometers
are some of the many
tools scientists use to
collect information.

Section 2 Scientific Methods 11
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Form a Hypothesis

After asking questions and making observations, scientists may
form a hypothesis. A hypothesis (hie PAHTH uh sis) is a possible
explanation or answer to a question. A good hypothesis is
based on observation and can be tested. When scientists form

CONNECTIONITO =&
gEnvironmentaliSciencey

LTI Td  Minnesota’s
SKILL peformed Frogs

Deformed frogs were first hypotheses, they think logically and creatively and consider
noticed in Minnesota in 1995. what they already know.
In 1996, the Minnesota Pollu- To be useful, a hypothesis must be testable. A hypoth-

tion Control Agency (MPCA)
began studying the problem. It
funded and coordinated stud-

esis is testable if an experiment can be designed to test the
hypothesis. Yet if a hypothesis is not testable, it is not always

ies searching for the causes wrong. An untestable hypothesis is simply one that cannot be
of the deformities. Find out supported or disproved. Sometimes, it may be impossible to
what the MPCA is doing about gather enough observations to test a hypothesis.

the deformed frogs today, and Scientists may form different hypotheses for the same prob-
write a short summary of what

the MPCA has discovered. lem. In the case of the Minnesota frogs, scientists formed the
hypotheses shown in Figure 4. Were any of these explanations
correct? To find out, scientists had to test each hypothesis.

' N7 TN e /@ What makes a hypothesis testable?

hypothesis an explanation that is
based on prior scientific research or
observations and that can be tested

Hypothesis I:
The deformities were caused by one or more

chemical pollutants in the water.

Figure 4 Hypothesis 2:

More than one
hypothesis can
be made for a
single question.

The deformities were caused by attacks
from parasites or other frogs.

Hypothesis 3:
The deformities were caused by an increcse

in exposure to ultraviolet light from the sun.

12
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Predictions

Before scientists can test a hypothesis, they must first make
predictions. A prediction is a statement of cause and effect that
can be used to set up a test for a hypothesis. Predictions are
usually stated in an if-then format, as shown in Figure 5.
Figure 5 lists the predictions made for the hypotheses shown
in Figure 4. More than one prediction may be made for each
hypothesis. After predictions are made, scientists can conduct
experiments to see which predictions, if any, prove to be true Figure 5 More than one
and support the hypotheses. prediction may be made
for a single hypothesis.

] Hypothesis 2:
Hypothesis — o
’{9”2. tion: IF a substance in the Pn e‘/"cﬁ"”- Lfa P‘f’”f‘kﬂf@ Is |
Eredlction — using the deformities, causing the deformities, then this
P ond water 5 455 that have parasite will be found more often
the water from ponds tha
then the ; ' t from in frogs that have deformities.
Jeformed frogs will be diFEere”
e water from ponds in which 1°
sbronwal rogs have been foure
Prediction: Ifa substance the " Hypothesis 3.
ond water is causing the deformities Prediction: I¥ an increase jn
’:-hen some tadpoles wil develop ' exposure to ultraviolet light /s
= they are reised in causing the deformities,
deformities when , then some
pond water collected from p onds thet F,rof 255 exposed to ultravjolet
e deforme d frogs. light in a leboratory il develop
“ Into deformed frogs.

CONNECTION TO
Language Arts

LI “Leading doctors say . ..” Suppose that you and
SKILL ; friend see an ad for a cold remedy on TV. Accord-
ing to the ad, “Leading doctors recommend this product for their
patients” Then, a famous actor comes on and says that he or she
uses the product, too. Write a dialogue of the debate you might
have with your friend about whether these claims are believable.

Section 2 Scientific Methods
Copyright © by Holt, Rinehart and Winston. All rights reserved.
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Figure 6 Many factors affect
this tadpole in the wild. These
factors include chemicals, light,
temperature, and parasites.

controlled experiment an
experiment that tests only one
factor at a time by using a com-
parison of a control group with an
experimental group

variable a factor that changes in
an experiment in order to test a
hypothesis

Test the Hypothesis

After scientists make a prediction, they test the hypothesis.
Scientists try to design experiments that will clearly show
whether a particular factor caused an observed outcome. In
an experiment, a factor is anything that can influence the
experiment’s outcome. Factors can be anything from tempera-
ture to the type of organism being studied.

Under Control

Scientists studying the frogs in Minnesota observed many
factors that affect the development of frogs in the wild, as
shown in Figure 6. But it was hard to tell which factor could be
causing the deformities. To sort factors out, scientists perform
controlled experiments. A controlled experiment tests only one
factor at a time and consists of a control group and one or
more experimental groups. All of the factors for the control
group and the experimental groups are the same except for
one. The one factor that differs is called the variable. Because
only the variable differs between the control group and the
experimental groups, any differences observed in the outcome
of the experiment are probably caused by the variable.

WLITTTIELTd How many factors should an experiment test?

Designing an Experiment

Designing a good experiment requires planning. Every factor
should be considered. Examine the prediction for Hypothesis 3:
If an increase in exposure to ultraviolet light is causing the deformi-
ties, then some frog eggs exposed to ultraviolet light in a labora-
tory will develop into deformed frogs. An experiment to test this
hypothesis is summarized in Table 1. In this case, the variable is
the length of time the eggs are exposed to ultraviolet (UV) light.
All other factors, such as the temperature of the water, are the
same in the control group and in the experimental groups.

Table 1 Experiment to Test Effect of UV Light on Frogs

Control factors Variable

Kind of | Number | Temperature UV light

Group frog of Eggs of water exposure

#1 leopard 100 25°C 0 days
(control) frog

#2 leopard 100 25°C 15 days
(experimental) | frog

#3 leopard 100 25°C 24 days
(experimental) | frog

14 Chapter 1 Science in Our World
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@ TIZXD UV Light Experiment
Control Group

Group #1
No UV light exposure

Group #2
UV light exposure for 15 days

B e
5 |

D 0609040 |@0

L%

DoRH O Q

© 0P PPo|w

Result: 0 deformed frogs Result: 0 deformed frogs

Collecting Data

Figure 7 shows the experimental setup to test Hypothesis 3.
As Table 1 shows, there are 100 eggs in each group. Scientists
always try to test many individuals. They want to be sure that
differences between control and experimental groups are caused
by the variable and not by differences between individuals.
The larger the groups are, the smaller the effect of a difference
between individual frogs will be. The larger the groups are, the
more likely it is that the variable is responsible for any changes
and the more accurate the data collected are likely to be.
Scientists test a result by repeating the experiment. If an
experiment gives the same results each time, scientists are more
certain about the variable’s effect on the outcome. Scientists
keep clear, accurate, honest records of their data so that other
scientists can repeat the experiment and verify the results.

Analyze the Results

After scientists finish their tests, they must organize their data
and analyze the results. Scientists may organize data in a table
or a graph. The data collected from the UV light experiment
are shown in the bar graph in Figure 8. Analyzing the results
helps scientists explain and focus on the effect of the variable.
For example, the graph shows that the length of UV exposure
has an effect on the development of frog deformities.

Experimental Groups

Group #3
UV light exposure for 24 days

o

(@ [P ool |

3 |

|

8 0P 00w

Result: 47 deformed frogs

Study of the Effect of

UV Light on Frogs

)
)

Number of deformed frogs
Ul
o

o

‘ I
0 15 24

Number of days of UV exposure

Figure 8 This graph shows that
24 days of UV exposure had an
effect on frog deformities, while
less exposure had no effect.

Section 2 Scientific Methods 15

Copyright © by Holt, Rinehart and Winston. All rights reserved.



IWATiy BRCTic

>

Averages

Finding the average, or mean,
of a group of numbers is a
common way to analyze data.

For example, three seeds
were kept at 25°C and
sprouted in 8, 8, and 5 days.
To find the average number
of days that it took the seeds
to sprout, add 8, 8, and 5
and divide the sum by 3, the
number of subjects (seeds).
It took these seeds an aver-
age of 7 days to sprout.

Suppose three seeds were
kept at 30°C and sprouted in
6, 5, and 4 days. What's the
average number of days that
it took these seeds to sprout?

Figure 9 This student scientist is
communicating the results of his
investigation at a science fair.

16 Chapter 1

Draw Conclusions

After scientists have analyzed the data from several experi-
ments, they can draw conclusions. They decide whether the
results of the experiments support a hypothesis. When scientists
find that a hypothesis is not supported by the tests, they must
try to find another explanation for what they have observed.
Proving that a hypothesis is wrong is just as helpful as support-
ing it. Why? Either way, the scientist has learned something,
which is the purpose of using scientific methods.

' I)ELL 1N e/ How can a wrong hypothesis be helpful?

Is It the Answer?

The UV light experiment supports the hypothesis that frog
deformities can be caused by exposure to UV light. Does
this mean that UV light definitely caused frogs living in the
Minnesota wetland to be deformed? No, the only thing this
experiment shows is that UV light may be a cause of frog
deformities. Results of tests done in a laboratory may differ
from results of tests performed in the wild. In addition, the
experiment did not investigate the effects of parasites or some
other substance on the frogs. In fact, many scientists now think
that more than one factor could be causing the deformities.
Sometimes, similar investigations or experiments give differ-
ent results. For example, another research team may have had
results that did not support the UV light hypothesis. In such a
case, scientists must work together to decide if the differences
in the results are scientifically significant. Often, making that
decision takes more experiments and more evidence.

Communicate Results

Scientists form a global community. After
scientists complete their investigations, they
communicate their results to other scientists.
The student in Figure 9 is explaining the results
of a science project.

Scientists regularly share their results for
several reasons. First, other scientists may then
repeat the experiments to see if they get the
same results. Second, the information can be
considered by other scientists with similar
interests. The scientists can then compare
hypotheses and form consistent explanations.
New data may strengthen existing hypotheses
or show that the hypotheses need to be altered.
There are many paths from observations and
questions to communicating results.

Science in Our World
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SECTION

Review

@ Scientific methods are the ways in which
scientists follow steps to answer questions
and solve problems.

@ Any information you gather through your
senses is an observation. Observations
often lead to the formation of questions
and hypotheses.

@ A hypothesis is a possible explanation
or answer to a question. A well-formed
hypothesis is testable by experiment.

Using Key Terms

1. Use the following terms in the same sentence:
hypothesis, controlled experiment, and variable.

Understanding Key Ideas

2. The steps of scientific methods
a. are exactly the same in every investigation.
b. must be used in the same order every time.
¢. are not used in the same order every time.
d. always end with a conclusion.

3. What is the appropriate design of a controlled
experiment?

4. What causes scientific knowledge to change?

Math_Skills
5. Calculate the average of the following values:
4,5, 6,6,and 9.
Critical Thinking

6. Analyzing Methods Why was UV light chosen
to be the variable in the frog experiment?

7. Analyzing Processes Why are there many
ways to follow the steps of scientific methods?

8. Making Inferences Why might two scientists
working on the same problem draw different
conclusions?

9. Making Inferences Why do scientists use sci-
entific methods?

Copyright © by Holt, Rinehart and Winston. All rights reserved.

@ A controlled experiment tests only one
factor at a time and consists of a control
group and one or more experimental
groups.

@ After testing a hypothesis, scientists analyze
the results and draw conclusions about
whether the hypothesis is supported.

@® Communicating results allows others to
check the results, add to their knowledge,
and design new experiments.

Interpreting Graphics

10. The table below shows how long it takes for
bacteria to double. Plot the information on a
graph. Put temperature on the x-axis and the
time to double on the y-axis. Do not graph val-
ues for which there is no growth. At what tem-
perature do the bacteria multiply the fastest?

Temperature Time to double

(°C) (min)
10 130
20 60
25 40
30 29
37 17
40 19
45 32
50 no growth

11. What would happen if you changed the scale
of the graph by using values of 0 to 300 min-
utes on the y-axis? How might that change
affect your interpretation of the data?

National Science Teachers Association

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Scientific Methods; Deformed Frogs
SciLinks code: HSM1359; HSM0383



READING WARM-UP

Objectives

@ Give examples of three types of

models.

@ |dentify the benefits and limitations

of models.

@® Compare the ways that scientists use
hypotheses, theories, and laws.

Terms to
model
theory
law

READING STRATEGY

Reading Organizer As you read this
section, create an outline of the section.
Use the headings from the section in

your outline.

model a pattern, plan, represen-
tation, or description designed to
show the structure or workings of an
object, system, or concept

Figure 1 The model of
the skyscraper doesn’t
act like the real building
in every way, which is
both a benefit and a
limitation of the model.

18

Learn

Chapter 1

Scientific Models

How can you see the parts of a cell? Unless you had
superhuman eyesight, you couldn’t see inside most cells
without using a microscope.

What would you do if you didn’t have a microscope? Looking
at a model of a cell would help! A model of a cell can help
you understand what the parts of a cell look like.

Types of Scientific Models

A model is a representation of an object or system. Scientific
models are used to help explain how something works or to
describe the structure of something. A model may be used
to predict future events. However, models have limitations. A
model is never exactly like the real thing. If it were, it would
not be a model. Three major kinds of scientific models are
physical, mathematical, and conceptual models.

Physical Models

A model volcano and a miniature steam engine are examples
of physical models. Some physical models, such as a model of
a cell, look like the thing that they model. But a limitation of
the model of a cell is that the model is not alive and doesn’t
act exactly like a cell. Other physical models, such as the model
of a skyscraper in Figure 1, look and act at least somewhat like
the thing that they model. Scientists often use the model that
is simplest to use but that still serves their purpose.

Science in Our World
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@.CT¥P Mathematical Model: A Punnett Square

Parents Punnett square
Round

R r

. r Rr ﬂrl’

‘:f r| " Rr \ ‘1’

rr
R d
Wrinkled Q\__/ Wrinkled
G
Wrinkled

Offspring

Probability
25%

Probability
25%

Probability
25%

Probability
25%

Mathematical Models

A mathematical model may be made up of numbers, equa-
tions, and other forms of data. Some mathematical models are
simple and can be used easily. The Punnett square shown in
Figure 2 helps scientists study the passing of traits from parents
to offspring. Using this model, scientists can predict how often
certain traits will appear in the offspring of certain parents.
Computers are useful for creating and manipulating math-
ematical models. They make fewer mistakes and can keep track
of more variables than a person can. But a computer model can
also be incorrect in many ways. The more complex a model is,
the more carefully scientists must build and test the model.

' ([Nl N ETd /@ What type of model is a Punnett square? (See
the Appendix for answers to Reading Checks.)

Conceptual Models

The third type of model is the conceptual model. Some con-
ceptual models are systems of ideas. Others compare unfamiliar
things with familiar things to help explain unfamiliar ideas.
The idea that the solar system formed from a spinning disk
of gas is a conceptual model. Scientists also use conceptual
models to classify behaviors of animals. Scientists can then
predict how an animal might respond to a certain action based
on behaviors that have already been observed.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

“ CONNECTION/TO/* - &

Environmental;Sciencey

Samples Scientists studying
deformed frogs in Minnesota
wanted to know at what stage
in the frogs' development the
deformities happened. So,

the scientists collected a large
sample of frogs in all stages of
development.

The larger a sample is, the
more accurately it represents
the whole population. If, for
example, a sample of frogs is
too small, one unusual frog
may make the results of the
study inaccurate. If the sample
has too many old frogs or too
many tadpoles, the sample is
unrepresentative of the whole
population. Give an example
of an unrepresentative sample.
Make a poster describing how
that sample might make the
experimental results inaccurate.

>
NTViTy
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Figure 3 This computer-
generated model doesn't just
look like a dinosaur. It may
also open and close its jaws
in much the same way that a
dinosaur does.

theory an explanation that ties
together many hypotheses and
observations

law a summary of many experi-
mental results and observations; a
law tells how things work

Benefits of Models

Models often represent things that are small, large, or compli-
cated. Models can also represent things that do not exist. For
example, Figure 3 is a model of one type of dinosaur. Dinosaurs
died out millions of years ago. Some popular movies about
dinosaurs have used computer models like this one because
dinosaurs are extinct. But the movies would not be as realistic
if they did not have the scientific models.

A model can be a kind of hypothesis, and scientists can
test a model. To build a model of an organism, even an extinct
one, scientists gather information from fossils and other obser-
vations. Then, scientists can test whether the model fits their
ideas about how an organism moved or what it ate.

Limits of Models

Models are useful, but they are not perfect. For example, the
model in Figure 3 gives scientists an idea of how the dinosaur
looked. But to find out how strong the dinosaur’s jaws were,
scientists might build a physical model that has pressure sen-
sors in the jaw. That model would provide data about bite
strength. Scientists may use different models to represent the
same thing, such as the dinosaur’s jaw. But the kind of model
and the model’s complexity depend on the model’s purpose.
Even a model jaw that has pressure sensors is not perfect.
Scientists can compare the dinosaur bite with the bite of a
crocodile. Next, scientists use their model to conduct tests. Sci-
entists might then estimate how hard the dinosaur could bite.
But without a live dinosaur, the result is still a hypothesis.

Building Scientific Knowledge

Sometimes, scientists draw different conclusions from the same
data. Other times, new results show that old conclusions are
wrong. Scientists are always asking new questions or looking
at old questions from a different angle. As scientists find new
answers, scientific knowledge continues to grow and change.

Scientific Theories

For every hypothesis, more than one prediction can be made.
Each time another prediction is proven true, the hypothesis
gains more support. Over time, scientists tie together everything
that they have learned. An explanation that ties together many
related observations, facts, and tested hypotheses is called a
theory. Theories are conceptual models that help organize sci-
entific thinking. Theories are used to explain observations and
to predict what might happen in the future.

WAZTITXLITI] How do scientists use theories?

20 Chapter 1 Science in Our World
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Scientific Laws

What happens when a theory and its models correctly pre-
dict the results of many experiments? A scientific law may be
formed. In science, a law is a summary of many experimental
results and observations. A scientific law is a statement of
what will happen in a specific situation. A law tells you how
things work.

Scientific laws are at work around you every day. For
example, the law of gravity states that objects will always fall
toward the center of Earth. And inside your cells, many laws
of chemistry are at work to keep you alive.

Scientific Change

New scientific ideas may take time to be accepted as facts,
scientific theories, or scientific laws. Scientists should be open
to new ideas but should always test new ideas by using sci-
entific methods. If new evidence challenges an accepted idea,
scientists must reexamine the old evidence and reevaluate the
old idea. In this way, the process of building scientific knowl-
edge never ends.

SECTION
Review

Using Key Terms

In each of the following sentences,
replace the incorrect term with the
correct term from the word bank.

theory law hypothesis

1. A conclusion is an explanation
that matches many hypotheses
but may still change.

Summary,

@® Models represent objects
or systems. Often, they
use familiar things to
represent unfamiliar
things. Three main types
of models are physical,
mathematical, and con- 3. A limitation of models is that

ceptual models. Models a. they are large enough to see.

have limitations but b. they do not act exactly like
are useful and can be the things that they model.

;Ci?egneci based on new c. they are smaller than the
) things that they model.

o SC|.e ntific Ifnov_vledge IS d. they model unfamiliar things.
built as scientists form

and revise scientific
hypotheses, models,
theories, and laws.

2. A model tells you exactly what
to expect in certain situations.

Understanding Key Ideas

4. What type of model would you
use to test the hypothesis that
global warming is causing polar
icecaps to melt? Explain.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

CONNECTION TO.%
Chemistry

Model Cocaine in the Brain
Analyze and evaluate informa-
tion from a scientifically literate
viewpoint by reading scien-
tific texts, magazine articles,
and newspaper articles about
how drugs, such as cocaine,
affect brain chemistry. Create a
model to show what you have
learned. Use your model to
describe possible treatments
for drug addiction.

peTiVily

Math_Skills
5. If Jerry is 2.1 m tall, how tall is a

scale model of Jerry that is 10%
of his size?

Critical Thinking
6. Applying Concepts You want

to make a model of an extinct
plant. What are two kinds of
models that you might use?
Describe the advantages and
disadvantages of each type of
model.

*inks JIES

National Science Teachers Association

For a variety of links related to this
chapter, go to www.scilinks.org i

Topic: Using Models
SciLinks code: HSM1588



Tools, Measurement,
and Safety

- Would you use a hammer to tighten a bolt on a bicycle?
HEAULID AR U No, you wouldn’t. You need the right tools to fix a bike.

Objectives

@® Collect, record, and analyze informa- Scientists use a variety of tools in their experiments. A tool is

tion by using various tools. anything that helps you do a task.
@ Explain the importance of the .

International System of Units. Tools for Measuring
® Calcu.late area and density. You might remember that one way to collect data is to take
@ identify lab safety symbols, and measurements. To get the best measurements, you need the

demonstrate safe practices during

lab investigations. proper tools. Stopwatches, metersticks, and balances are tools

that you can use to make measurements. Thermometers, spring

Terms to Learn scales, and graduated cylinders are also helpful tools. Some of
meter volume the uses of these tools are shown in Figure 1.

area temperature . . .

Mass density ' [Nl TN Td /@ Name six tools used for taking measurements.

(See the Appendix for answers to Reading Checks.)

Tools for Analyzing

Reading Organizer As you read this After you collect data, you need to analyze them. Perhaps you

section, make a concept map by using need to find the average of your data. Calculators are handy

the terms above. tools to help you do calculations quickly. Or you might show
your data in a graph or a figure. A computer that has the
correct software can help you make neat, colorful figures. Of
course, even a pencil and graph paper are tools that you can
use to graph your data.

@ T3P Measurement Tools

You can use a r
graduated cylinder
to measure volume.

i

You can use a

thermometer You can use a meterstick
to measure to measure length.
temperature.

You can use a balance
to measure mass.

You can use a
‘EI : _] spring scale to

measure force.

You can use a
stopwatch to
measure time.

22 Chapter 1 Science in Our World
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Units of Measurement

The ability to make accurate and reliable measurements is
an important skill in science. Many systems of measurement
are used throughout the world. At one time in England, the
standard for an inch was three grains of barley placed end to
end. Other modern standardized units were originally based
on parts of the body, such as the foot. Such systems were
not very reliable. Their units were based on objects that had
different sizes.

The International System of Units

In the late 1700s, the French Academy of Sciences began
to form a global measurement system now known as the
International System of Units, or SI. Today, most scientists and
almost all countries use this system. One advantage of using
SI measurements is that doing so helps scientists share and
compare their observations and results.

Another advantage of SI units is that all units are based
on the number 10, which makes conversions from one unit
to another easy. The table in Table 1 contains commonly used
SI units for length, volume, mass, and temperature.

QUi g2

e® °.,
°

5 3

) )

No Rulers Allowe

2.

. Measure the width of your

desk, but don't use a ruler.

Select another object
to use as your unit of
measurement.

- Compare your measure-

ment with those of your
classmates.

. Explain why it is important

to use standard units of
measurement.

Table 1 Common SI Units and Conversions

Length meter (m)
kilometer (km)
decimeter (dm)
centimeter (cm)
millimeter (mm)
micrometer (um)

nanometer (nm)

1 km = 1,000 m

1dm =0.1m

1cm = 0.0l m

1T mm = 0.001T m

1 ym = 0.000001 m

1 nm = 0.000000001 m

Volume cubic meter (m°)

cubic centimeter (cm’)

1 cm® = 0.000001 m3

W
g
B - liter (L) 1L=1dm’=0.001 m’
i milliliter (mL) TmL=0001L=1cm’
__E
Mass kilogram (kg)
g:ﬁ gram (g) 1g = 0001 kg
= . milligram (mg) 1 mg = 0.000001 kg
Temperature ¢ Kelvin (K) 0°C = 273 K
e, Celsius (°C) 100°C = 373 K

Section 4 Tools, Measurement, and Safety
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Measurement

Scientists report measured quantities in a way that shows the
precision of the measurement. To do so, they use significant
tigures. Significant figures are the digits in a measurement that
are known with certainty. The MathFocus below will help you
understand significant figures and will teach you how to use
the correct number of digits. Now that you have a standardized
system of units for measuring things, you can use the system
to measure length, area, mass, volume, and temperature.

Length

How long is a lizard? Well, a meter (m) is the basic SI unit of
length. However, a scientist, such as the one in Figure 2, would
use centimeters (cm) to describe a small lizard’s length. If you
divide 1 m into 100 parts, each part equals 1 cm. So, 1 cm
is one-hundredth of a meter. Even though 1 cm seems small,
some things are even smaller. Scientists describe the length of
very small objects in micrometers («m) or nanometers (nm). To

Figure 2 This scientist is using

a metric ruler to measure a
lizard’s length. The unit chosen to
describe an object, such as this see these small objects, scientists use powerful microscopes.
lizard, depends on the size of the

object being measured. Area

How much paper would you need to cover the top of your
desk? To answer this question, you must find the area of the
meter the basic unit of length in desk. Area is a measure of the size of the surface of an object.
the SI (symbol, m) To calculate the area of a square or a rectangle, measure the

. length and width. Then, use the following equation:
area a measure of the size of a

surface or a region area = length X width

Units for area are square units, such as square meters (m?),
square centimeters (cm?), and square kilometers (km?).

S
MIATE Focus) -
Significant Figures Calculate the area of a carpet  Step 3: Round the answer to get the correct
that is 3.145 m long (four significant figures) number of significant figures. Here,
and 5.75m (three significant figures) wide. the correct number of significant fig-
(Hint: In multiplication and division problems, ures is three, because the value with the
the answer cannot have more significant figures smallest number of significant figures
than the measurement that has the smallest has three significant figures.

number of significant figures does.) area = 18.1 m?

Step 1: Write the equation for area.
Now Its Your Turn

1. Use a calculator to perform the following
calculation: 125.5 km x 8.225 km. Write

the answer with the correct number of

area = length X width

Step 2: Replace length and width with the meas-
urements given, and solve.

24 Chapter 1 Science in Our World
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Mass

How large a rock can a rushing stream move? The answer
depends on the energy of the stream and the mass of the rock.
Mass is a measure of the amount of matter in an object. The
kilogram (kg) is the basic unit for mass in the SI. Kilograms
are used to describe the mass of a large rock. Grams are used
to measure the mass of smaller objects. One thousand grams
equals 1 kg. For example, a medium-sized apple has a mass of
about 100 g. Masses of very large objects are given in metric
tons. A metric ton equals 1,000 kg.

WLTITTTELTTTd What is the basic SI unit for mass?

Volume

Think about moving some magnets to a laboratory. How many
magnets will fit into a box? The answer depends on the volume
of the box and the volume of each magnet. Volume is a measure
of the size of a body in three-dimensional space. In this case,
you need the volumes of the box and of the magnets.

The volume of a liquid is often given in liters (L). Liters are
based on the meter. A cubic meter (1 m?®) is equal to 1,000 L.
So, 1,000 L will fit into a box measuring 1 m on each side. A
milliliter (mL) will fit into a box measuring 1 cm on each side.
So, 1mL = 1 cm®. Graduated cylinders are used to measure
the volume of liquids.

The volume of a large, solid object is given in cubic meters
(m?). The volumes of smaller objects can be given in cubic
centimeters (cm®) or cubic millimeters (mm?®). The volume of a
box can be calculated by multiplying the object’s length, width,
and height. The volume of an irregularly shaped object can
be found by measuring the volume of liquid that the object
displaces. You can see how this works in Figure 3.

Figure 3 Adding the rock
changes the water level from
70 mL to 80 mL. So, the rock
displaces 10 mL of water.
Because 1 mL = 1 cm’, the
volume of the rock is 10 cm’.

mass a measure of the amount
of matter in an object

volume a measure of the size
of a body or region in three-
dimensional space

Section 4 Tools, Measurement, and Safety 25
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Figure 4 This
thermometer shows
the relationship
between degrees
Fahrenheit and
degrees Celsius.

temperature the measure of how
hot (or cold) something is

density the ratio of the mass of
a substance to the volume of the
substance

CONNECTION[TONNF 4
gSocialiStudies it
Archimedes (287 Bce-212 BCE)
Archimedes was a Greek math-
ematician. He was probably the
greatest mathematician and
scientist that classical Greek
civilization produced and is
considered to be one of the
greatest mathematicians of

all time. Archimedes was very
interested in putting his theo-
retical discoveries to practical
use. Use the library or Internet
to research Archimedes. Make
a poster that illustrates one of
his scientific or mathematical
discoveries.
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212°F ---emmemmttol 2 -100°C £\
Water boils Water boils = il

')
98.6'F ---------
Normal body Normal body
temperature temperature
L T : 0°C
Water Water
freezes freezes
Temperature

How hot is melted iron? To answer this question, a sci-
entist would measure the temperature of the liquid metal.
Temperature is a measure of how hot or cold something is. You
probably use degrees Fahrenheit (°F) to describe temperature.
Scientists commonly use degrees Celsius (°C), although the
kelvin (K) is the official SI base unit for temperature. You
will use degrees Celsius in this book. The thermometer in
Figure 4 compares the Fahrenheit and Celsius scales.

Density

If you measure the mass and volume of an object, you have
the measurements that you need to find the density of the
object. Density is the amount of matter in a given volume.
You cannot measure density directly. But after you have mea-
sured the mass and the volume, you can use the following
equation to calculate density:

mass

HaAmy = volume

Density is the ratio of mass to volume, so units often used for
density are grams per milliliter (g/mL) and grams per cubic
centimeter (g/cm’). Density may be difficult to understand.
Think of a table-tennis ball and a golf ball. They have similar
volumes. But a golf ball has more mass than a table-tennis
ball does. So the golf ball has a greater density.

Science in Our World
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Safety Rules!

Science is exciting and fun, but it can also be dangerous.
Don’t take any chances! Always follow your teacher’s
instructions. Don’t take shortcuts—even when you think
there is no danger. Before starting an experiment, get your
teacher’s permission. Read the lab procedures carefully.
Pay special attention to safety information and caution
statements. Figure 5 shows the safety symbols used in this
book. Get to know these symbols and their meanings.
Do so by reading the safety information in the front of
this book. This is important! If you are still unsure
about what a safety symbol means, ask your teacher.

WLTITTTELTTId Why are safety symbols important?

SECTION
Review

Summaryj

@ Scientists use a variety
of tools to measure
and analyze the world
around them.

@ The International System
of Units (SI) is a simple,
reliable, and uniform
system of measurement
that is used by most
scientists.

@® The basic units of meas-
urement in the Sl are
the meter (for length),
the kilogram (for mass),
and the Kelvin (for
temperature).

@ Before starting any sci-
ence activity or science
lab, review the safety
symbols and the safety
rules for that activity or
lab. Don't take chances
with your health and
safety.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Using Key Terms

Complete each of the following sen-
tences by choosing the correct term
from the word bank.

mass area
volume temperature

. A measure of the size of a sur-

face or a region is called __.

2. Scientists use kilograms when

measuring an object’s ___.

. The ___ of a liquid is usually

described in liters.

Understanding Key Ideas

4. SI units are

a. based on standardized meas-
urements of body parts.

b. almost always based on the
number 10.

c. used to measure only length.
d. used only in France.

5. What is temperature?

. If you wanted to measure the

mass of a fly, which SI unit
would be most appropriate?

Math Skills

7. What is the area of a soccer field

that is 110 m long and 85 m
wide?

@Y safety Symbols

&

g

<

Eye Protection  Clothing Protection ~ Hand Safety
Heating Safety Electric Safety Sharp Object
Chemical Safety Animal Safety Plant Safety

8. What is the density of silver if a
6 cm® piece of silver has a mass
of 63 g?

Critical Thinking

9. Applying Concepts Some peo-
ple are thinking about sending
humans to the moon and then
to the planet Mars. Why is it
important for scientists around
the world to use the Interna-
tional System of Units as they
make these plans?

10. Making Inferences Give an
example of something that can
happen if you do not follow
safety rules.

11. Applying Concepts What tool
would you use to measure the
mass of the air in a basketball?

[ ]
5C [
INKS.
Developed and maintained by the

National Science Teachers Association

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Tools of Science; SI Units
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Apply scientific methods to
predict, measure, and observe
the mixing of two unknown
liquids.

LMATERIALS J

e beakers, 100 mL (2)

e Celsius thermometer

o glass-labeling marker

e graduated cylinders, 50 mL (3)
e liquid A, 75 mL

e liquid B, 75 mL

e protective gloves

SAFETY

OHOO

28 Chapter 1
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Using Scientific Methods

Skills/Practice|Lab)

Does It All Add Up?

Your math teacher won't tell you this, but did you know that
sometimes 2 + 2 does not appear to equal 4?! In this experi-
ment, you will use scientific methods to predict, measure, and
observe the mixing of two unknown liquids. You will learn that
a scientist does not set out to prove a hypothesis but to test
it and that sometimes the results just don't seem to add up!

Make Observations

o Put on your safety goggles, gloves, and lab apron. Examine
the beakers of liquids A and B provided by your teacher. Write
down as many observations as you can about each liquid.
Caution: Do not taste, touch, or smell the liquids.

Q Pour exactly 25 mL of liquid A from the beaker into each of
two 50 mL graduated cylinders. Combine these samples in
one of the graduated cylinders. Record the final volume. Pour
the liquid back into the beaker of liquid A. Rinse the graduated
cylinders. Repeat this step for liquid B.

Form_a Hypothesis

e Based on your observations and on prior experience, formu-
late a testable hypothesis that states what you expect the vol-
ume to be when you combine 25 mL of liquid A with 25 mL of
liquid B.

o Make a prediction based on your hypothesis. Use an if-then
format. Explain the basis for your prediction.

—
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Contents of Contents of | Mixing results: | Mixing results:
cylinder A cylinder B predictions observations
Volume
Appearance DO NOT WRITE IN BOOX
Temperature

Test the Hypothesis
© Make a data table like the one above.

o Mark one graduated cylinder “A”" Carefully pour
exactly 25 mL of liquid A into this cylinder. In
your data table, record its volume, appearance,
and temperature.

o Mark another graduated cylinder “B." Carefully
pour exactly 25 mL of liquid B into this cylin-
der. Record its volume, appearance, and tem-
perature in your data table.

0 Mark the empty third cylinder “A + B

© In the "Mixing results: predictions” column in
your table, record the prediction you made
earlier. Each classmate may have made a dif-
ferent prediction.

@ Carefully pour the contents of both cylinders
into the third graduated cylinder.

(@ Observe and record the total volume, appear-
ance, and temperature in the “Mixing results:
observations” column of your table.

Analyze the Results

o Analyzing Data Discuss your predictions as
a class. How many different predictions were
there? Which predictions were supported by
testing? Did any measurements surprise you?

Draw Conclusions

@ Drawing Conclusions Was your hypothesis
supported or disproven? Either way, explain
your thinking. Describe everything that you
think you learned from this experiment.

© Analyzing Methods Explain the value of
incorrect predictions.

Copyright © by Holt, Rinehart and Winston. All rights reserved.
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@ Use the following terms in the same
sentence: science and scientific
methods.

© Use the following terms in the same
sentence: controlled experiment and
variable.

For each pair of terms, explain how the
meanings of the terms differ.

© theory and hypothesis
© controlled experiment and variable
© area and volume

© physical model and conceptual model

Multiple _Choice

@ The steps of scientific methods
. must all be used in every scientific
investigation.

. must always be used in the same
order.

. often start with a question.

d. always result in the development of
a theory.

© In a controlled experiment,

a. a control group is compared with
one or more experimental groups.
b. there are at least two variables.

c. all factors should be different.

d. a variable is not needed.

Chapter 1 Science in Our World

UNDERSTANDING KEY IDEAS

Chapter;Review;

USING KEY TERMS

© Which of the following tools is best for
measuring 100 mL of water?
a. 10 mL graduated cylinder
b. 150 mL graduated cylinder
c. 250 mL beaker
d. 500 mL beaker

@ Which of the following is NOT an
SI unit?
a. meter
b. foot
c liter
d. kilogram

@ A pencil is 14 cm long. How many
millimeters long is it?
a. 1.4 mm
b. 140 mm
c¢. 1,400 mm
d. 1,400,000 mm

@ The directions for a lab include the
safety icons shown below. These icons
mean that

a4

a. you should be careful.
b. you are going into the laboratory.
c. you should wash your hands first.

d. you should wear safety goggles, a lab
apron, and gloves during the lab.

Short Answer

@ List three ways that science is benefi-
cial to living things.

@ Why do hypotheses need to be
testable?

Copyright © by Holt, Rinehart and Winston. All rights reserved.



@ Give an example of how a scientist
might use computers and technology.

(@ List three types of models, and give an
example of each.

(@ What are some advantages and limita-
tions of models?

(D Which ST units can be used to describe
the volume of an object? Which SI
units can be used to describe the mass
of an object?

@ In a controlled experiment, why
should there be several individuals in
the control group and in each of the
experimental groups?

@) Concept Mapping Use the following
terms to create a concept map:
observations, predictions, questions,
controlled experiments, variable, and
hypothesis.

€} Making Inferences Investigations often
begin with observation. What limits
the observations that scientists can
make?

¢ Forming Hypotheses A scientist who
studies mice makes the following
observation: on the day the mice
are fed vitamins with their meals,
they perform better in mazes. What
hypothesis would you form to explain
this phenomenon? Write a testable
prediction based on your hypothesis.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

INTERPRETING GRAPHICS

The pictures below show how an egg
can be measured by using a beaker and
water. Use the pictures below to answer
the questions that follow.

e

L

Before: 125 mL

After: 200 mL

¢ What kind of measurement is being
taken?
a. area
b. length
. mass
d. volume

¢ Which of the following is an accurate
measurement of the egg in the picture?
a. 75 cm?
b. 125 cm?®
c¢. 125 mL
d. 200 mL

€D Make a double line graph using the
data in the table below.

Date Normal Deformed
1995 25 0
1996 21 0
1997 19 1
1998 20 2
1999 17 3
2000 20 5
Chapter Review 31



EOG Prep

Read each of the passages below. Then, answer the questions

that follow the passage.

Passage 1 Zoology is the study of animals.
Zoology dates back more than 2,300 years, to
ancient Greece. There, the philosopher Aristotle
observed and theorized about animal behavior.
About 200 years later, Galen, a Greek physician,
began dissecting and experimenting with animals.
However, there were few advances in zoology until
the 1700s and 1800s. During this period, the
Swedish naturalist Carolus Linnaeus developed a
classification system for plants and animals, and
British naturalist Charles Darwin published his
theory of evolution by natural selection.

1. According to the passage, when did major
advances in Zoology begin?
A About 2,300 years ago
B About 2,100 years ago
€ During the 1700s and 1800s
D Only during recent history

2. Which of the following is a possible meaning
of the word naturalist, as used in the passage?
F a scientist who studies plants and animals
G a scientist who studies animals
H a scientist who studies theory
I ascientist who studies animal behavior

3. Which of the following is the best title for this
passage?
A Greek Zoology
B Modern Zoology
€ The Origins of Zoology
D Zoology in the 1700s and 1800s

32 Chapter 1 Science in Our World

Passage 2 When looking for answers to a
problem, scientists build on existing knowledge.
For example, scientists have wondered if there is
some relationship between Earth’s core and Earth'’s
magnetic field. To form a hypothesis, scientists
started with what they knew: Earth has a dense,
solid inner core and a molten outer core. Scientists
then created a computer model to simulate how
Earth’s magnetic field might be generated.

They tried different things with their model
until the model produced a magnetic field that
matched that of the real Earth. The model pre-
dicted that Earth’s inner core spins in the same
direction as the rest of the Earth, but the inner
core spins slightly faster than Earth’s surface. If
the hypothesis is correct, it might explain how
Earth’s magnetic field is produced. Although sci-
entists cannot reach the Earth’s core to examine it
directly, they can test whether other observations
match what is predicted by their hypothesis.

1. What does the word model refer to in this
passage?
A a giant plastic globe
B a representation of the Earth created on
a computer
C a computer terminal

D a technology used to drill into the
Earth’s core

2. Which of the following is the best summary
of the passage?

F Scientists can use models to help them
answer difficult and complex questions.

G Scientists have discovered the source of
Earth’s magnetic field.

H The spinning of Earth’s molten inner core
causes Earth’s magnetic field.

I Scientists make a model of a problem and
then ask questions about the problem.

Copyright © by Holt, Rinehart and Winston. All rights reserved.



INTERPRETING GRAPHICS

The table below shows the plans for an
experiment in which bees will be observed
visiting flowers. Use the table to answer the
questions that follow.

Group | Type of | Time of | Type of | Flower
bee day plant color

#1 Honey- | 9:00w— | Portland | red
bee 10:00 am. | rose

#2 Honey- | 9:00am— | Portland | yellow
bee 10:00 am. | rose

#3 Honey- | 9:00aw— | Portland | white
bee 10:00 am. | rose

#4 Honey- | 9:00aw— | Portland | pink
bee 10:00 am. | rose

1. Which factor is the variable in this experiment?
A the type of bee
B the time of day
C the type of plant
D the color of the flowers

2. Which of the following hypotheses could be
tested by this experiment?
F Honeybees prefer to visit rose plants.
G Honeybees prefer to visit red flowers.
H Honeybees prefer to visit flowers in the
morning.

I Honey bees prefer to visit Portland rose
flowers between 9 and 10 A.m.

3. Which of the following is the best reason why
the Portland rose plant is included in all of the
groups to be studied?

A The type of plant is a control factor; any
type of flowering plant could be used as
long as all plants were of the same type.

B The experiment will test whether bees
prefer the Portland rose over other flowers.

€ An experiment should always have more
than one variable.

D The Portland rose is a very common plant.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

. How many meters are in 50 km?

. What is the area of a square whose sides

Read each question below, and choose the
best answer.

1. A survey of students was conducted to find

out how many people were in each student’s
family. The replies from five students were as
follows: 3, 3, 4, 4, and 6. What was the average
family size?

A 3

B 3.5

C 4

DS

. In the survey above, if one more student were

surveyed, which reply would make the average
lower?

F 3
G 4
HS
1 6

. If an object that is 5 pm long were magnified

by 1,000, how long would that object then
appear?

A 5um

B 5 mm

C 1,000 pm

D 5,000 mm

F 50m

G 500 m

H 5,000 m
I 50,000 m

measure 4 m each?
A 16 m
B 16 m?
C 32m
D 32 m?

uonesedald 1s9] pazipiepuels
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Scientific Debate

Should We Stop All Forest Fires?

Since 1972, the policy of the National Park
Service has been to manage the national
parks as naturally as possible. Because fire
is a natural event in forests, this policy
includes allowing most fires caused by light-
ning to burn. The only lightning-caused
fires that are put out are those that threaten
lives, property, uniquely scenic areas, or
endangered species. All human-caused fires
are put out. However, this policy has caused
some controversy. Some people want this
policy followed in all public forests and even
grasslands. Others think that all fires should
be put out.

Social Studies l\ﬁlllljly

I'LILTTd  Research a location where there
SKILL s 5 debate about controlling
forest fires. You might look into national
forests or parks. Write a newspaper article
about the issue. Be sure to present all sides
of the debate.

34
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Science Fiction

“The Homesick Chicken” by
Edward D. Hoch

Why did the chicken cross the road? You
think you know the answer to this old riddle,

don’t you? But “The Homesick Chicken,” by
Edward D. Hoch, may surprise you. That old
chicken may not be exactly what it seems.

You see, one of the chickens at the high-
tech Tangaway Research Farms has escaped.
Then, it was found in a vacant lot across
the highway from Tangaway, pecking away
contentedly. Why did it bother to escape?
Barnabus Rex, a specialist in solving sci-
entific riddles, is called in to work on this
mystery. As he investigates, he finds clues
and forms a hypothesis. Read the story, and
see if you can explain the mystery before
Mr. Rex does.

Language Arts _l,\Elll/LTy

[T  Write your own short story about
SKILL 3 chicken crossing a road for a
mysterious reason. Give clues (evidence)

to the reader about the mysterious reason
but do not reveal the truth until the end of
the story. Be sure the story makes sense
scientifically.
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People in Science
Matthew Henson

Arctic Explorer Matthew Henson was born in Maryland in 1866. His parents were
freeborn sharecroppers. When Henson was a young boy, his parents died. He then
went to look for work as a cabin boy on a ship. Several years later, Henson had trav-
eled around the world and had become educated in the areas of geography, history,
and mathematics. In 1898, Henson met U.S. Naval Lieutenant Robert E. Peary. Peary
was the leader of Arctic expeditions between 1886 and 1909.

Peary asked Henson to accompany him as a navigator on several trips, including

trips to Central America and Greenland. One of Peary’s passions was to be the first
person to reach the North Pole. It was Henson’s vast knowledge of mathematics and
carpentry that made Peary’s trek to the North Pole possible. In 1909, Henson was the
first person to reach the North Pole. Part of Henson'’s job as navigator was to
drive ahead of the party and blaze the
first trail. As a result, he often arrived
ahead of everyone else. On April 6,
1909, Henson reached the approxi-
mate North Pole 45 minutes ahead of
Peary. Upon his arrival, he exclaimed,
“I think I'm the first man to sit on top
of the world!”

Math Bflli vi Ty

o ==

On the last leg of their journey,
Henson and Peary traveled
664.5 km in 16 days! On aver-
age, how far did Henson and
Peary travel each day?

Check out Current Science®
To learn more about these articles related to this chapter
Science in Action topics, visit by visiting go.hrw.com. Just
go.hrw.com and type in the type in the keyword HZ5CS01.
keyword HZ5SW?7F.

Science in Action 35
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A sudden typhoon destroys
a fleet of Mongolian ships

T I M E I. I N E‘ about to reach Japan. This

“divine wind,” or kamikaze
in Japanese, saves the

country from invasion
T h e and conquest.
Atmosphere,
Weather, and
° 1778
CI I mate Carl Scheele John James Audubon publishes

concludes that The Birds of America.
In this unit, you will learn air is mostly

about Earth’s atmosphere,
including how it affects
conditions on the Earth’s
surface. The constantly
changing weather is always
a good topic for conversa-
tion, but forecasting the
weather is not an easy task.

made of nitrogen
and oxygen.

Climate, on the other hand, Chlorofluorocarbons Weather information
is much more predictable. (CFCs) are recognized becomes available

. : : as harmful to the 24 hours a day,
This timeline shows some ozone layer. 7 days a week, on

of the events that have commercial TV.
occurred as scientists have
tried to better understand
Earth’s atmosphere, weather,
and climate.
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1718 1749

Saturn’s rings are recognized Ga'briel Fahrenheit Benjamin Franklin
as such. Galileo Galilei had builds the first mer-  ayplains how updrafts
seen them in 1610, but his cury thermometer. of air are caused by

telescope was not strong
enough to show that
they were rings.

the sun’s heating of
the local atmosphere.

Serbian scientist
Milutin Milankovitch
determines that over
tens of thousands l.
of years, changes in

the Earth‘s motion
through space have
profound effects on
climate.

The first atmospheric
test of an atomic
bomb takes place
near Alamogordo,
New Mexico.

. A
1985 1986 1999

2003

Scientists discover ~ The world’s worst The first nonstop A record
an ozone hole over nuclear accident takes  balloon trip 393 tornadoes
Antarctica. place at Chernobyl, around the world are observed in

Ukraine, and spreads is successfully the United States
radiation through the completed when during one
atmosphere as far as Brian Jones and week in May.

the western United Bertrand Piccard

States. land in Egypt.

The path of radioactive
material released from
Chernobyl!

The Breitling Orbiter 3
lands in Egypt on
March 21, 1999.
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About the

Imagine climbing a mountain and taking
only one out of three breaths! As altitude
increases, the density of the atmosphere de-
creases. At the heights shown in this picture,
the atmosphere is so thin that it contains only
30% of the amount of oxygen found in the
atmosphere at sea level. So, most moun-
taineers carry part of their atmosphere with
them—in the form of oxygen tanks.

38 Chapter 2

Booklet Before you
read the chapter, create the
FoldNote entitled “Booklet”
described in the Study Skills section of
the Appendix. Label each page of the
booklet with a main idea from the chap-
ter. As you read the chap-
ter, write what you learn
about each main idea on
the appropriate page of
the booklet.
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Does Air Have Mass?/ @ 9

In this activity, you will compare an inflated balloon
with a deflated balloon to find out if air has mass.

Procedure

1. In a notebook, answer the following questions:
Does air have mass? Will an inflated balloon
weigh more than a deflated balloon?

2. Inflate two large balloons, and tie the balloons
closed. Attach each balloon to opposite ends of a
meterstick using identical pushpins. Balance the
meterstick on a pencil held by a volunteer. Check
that the meterstick is perfectly balanced.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

3. Predict what will happen when you pop one
balloon. Record your predictions.

4. Put on safety goggles, and carefully pop one of
the balloons with a pushpin.

5. Record your observations.

Analysis

1. Explain your observations. Was your prediction
correct?

2.Based on your results, does air have mass? If air
has mass, is the atmosphere affected by Earth’s
gravity? Explain your answers.

The Atmosphere 39



B READING WARM-UP

Objectives

@ Describe the composition of Earth’s
atmosphere.

@ Explain why air pressure changes
with altitude.

@ Explain how air temperature changes
with atmospheric composition.

@® Describe the layers of the
atmosphere.

Terms to Learn

atmosphere  stratosphere
air pressure  mesosphere
troposphere  thermosphere

READING STRATEGY

Mnemonics As you read this section,
create a mnemonic device to help you
remember the layers of the Earth’s
atmosphere.

Nitrogen
78%

40 Chapter 2

Characteristics of the
Atmosphere

If you were lost in the desert, you could survive for a few
days without food and water. But you wouldn’t last more
than five minutes without the atmosphere.

The atmosphere is a mixture of gases that surrounds Earth. In
addition to containing the oxygen you need to breathe, the
atmosphere protects you from the sun’s damaging rays. The
atmosphere is always changing. Every breath you take, every
tree that is planted, and every vehicle you ride in affects the
atmosphere’s composition.

The Composition of the Atmosphere

As you can see in Figure 1, the atmosphere is made up mostly
of nitrogen gas. The oxygen you breathe makes up a little
more than 20% of the atmosphere. In addition to containing
nitrogen and oxygen, the atmosphere contains small particles,
such as dust, volcanic ash, sea salt, dirt, and smoke. The next
time you turn off the lights at night, shine a flashlight, and
you will see some of these tiny particles floating in the air.

Water is also found in the atmosphere. Liquid water (water
droplets) and solid water (snow and ice crystals) are found in
clouds. But most water in the atmosphere exists as an invisible
gas called water vapor. When atmospheric conditions change,
water vapor can change into solid or liquid water, and rain
or snow might fall from the sky.

WLTITTTELITA Describe the three physical states of water in
the atmosphere. (See the Appendix for answers to Reading Checks.)

@ T3P Composition of the Atmosphere

Nitrogen, the most common
atmospheric gas, is released
when dead plants and dead
animals break down and when
volcanoes erupt.

Oxygen, the second most com-
mon atmospheric gas, is made
by phytoplankton and plants.

The remaining 1% of the atmo-
sphere is made up of argon,
carbon dioxide, water vapor, and
other gases.

The Atmosphere
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Atmospheric Pressure and Temperature

You may be surprised to learn that you carry a 700 km col-
umn of air every day. Although air is not heavy, at sea level,
a square inch of surface area is under almost 15 1b of air.

% CONNECTION'TO

Physics
Air-Pressure Experiment

Does air pressure push only
downward? Try this experiment

As Altitude Increases, Air Pressure Decreases

The atmosphere is held around the Earth by gravity. Gravity acts to find out. Fill a plastic cup
to move gas molecules in the atmosphere toward Earth’s center. to the brim with water. Firmly
The force of gravity is balanced by air pressure. Air pressure is hold a piece of cardboard over

the mouth of the cup. Quickly

the measure of the force with which air molecules push on a . -

i ; ) invert the glass over a sink, and
surface. Air pressure is strongest at the Earth’s surface because observe what happens. How
more air is above you. As you move farther away from the do the effects of air pressure
Earth’s surface, fewer gas molecules are above you. So, as alti- explain your observations?
tude (distance from sea level) increases, air pressure decreases. RE'T:V.T 77
Think of the forces of air pressure and gravity as a human JJ.JL!J-

pyramid, as shown in Figure 2. The people at the bottom of
the pyramid can feel all the weight of the people on top. The
people at the bottom push up to balance the weight of the
people above them. In a similar way, air pressure and gravity atmosphere a mixture of gases
exist near a state of balance or equilibrium. that surrounds a planet or moon

. cyn . air pressure the measure of the
Atmospheric Composition Affects Air Temperature forcg with which air m0|:cu|es push

Air temperature also changes as altitude increases. The tem- on a surface
perature differences result mainly from the way solar energy

is absorbed as it moves through the atmosphere. Some parts

of the atmosphere are warmer because they contain a high

percentage of gases that absorb solar energy. Other parts of the

atmosphere contain less of these gases and are cooler.

Lower
pressure =

Figure 2 As in a human
pyramid, air pressure increases
closer to the Earth’s surface.

Higher
pressure

Section 1 Characteristics of the Atmosphere 41
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Modeling the Atmosphere
In teams, use a metric ruler

to create an illustrated scale
model of the atmosphere
similar to the one shown on
this page. Assume that the
atmosphere is about 700 km
high. If you reduced the height
of the atmosphere by a factor
of 100,000, your scale model
would be 7 m long, and the
troposphere would be 16 cm
long. Think of a creative way
to display your model. You
could use sidewalk chalk,
stakes and string, poster
board, or other materials ap-
proved by your teacher. Do
some research to add interest-
ing information about each
layer.

Figure 3 The layers of the
atmosphere are defined by
changes in temperature.

42 Chapter 2

peTViTy

Layers of the Atmosphere

Based on temperature changes, the Earth’s atmosphere is
divided into four layers, as shown in Figure 3. These layers
are the troposphere, stratosphere, mesosphere, and thermosphere.
Although these words might sound complicated, the name of
each layer gives you clues about its features.

For example, -sphere means “ball,” which suggests that each
layer of the atmosphere surrounds the Earth like a hollow ball.
Tropo- means “turning” or “change,” and the troposphere is the
layer where gases turn and mix. Strato- means “layer,” and the
stratosphere is the sphere where gases are layered and do not
mix very much. Meso- means “middle,” and the mesosphere
is the middle layer. Finally, thermo- means “heat,” and the
thermosphere is the sphere where temperatures are highest.

' (Ll TN e /@ What does the name of each atmospheric

layer mean?

Lower Pressure Higher

600

500

Thermosphere

100 I ' i

— j'-

90
80
70

Mesosphere
60

Altitude (km)

50
40 Ozone layer
30 Stratosphere

20

Lower Temperature

Higher

The Atmosphere
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The Troposphere: The Layer in Which We Live

The lowest layer of the atmosphere, which lies next to the
Earth’s surface, is called the troposphere. The troposphere is also
the densest atmospheric layer. It contains almost 90% of the
atmosphere’s total mass! Almost all of the Earth’s carbon diox-
ide, water vapor, clouds, air pollution, weather, and life-forms
are in the troposphere. As shown in Figure 4, temperatures vary
greatly in the troposphere. Differences in air temperature and
density cause gases in the troposphere to mix continuously.

The Stratosphere: Home of the Ozone Layer

The atmospheric layer above the troposphere is called the
stratosphere. Figure 5 shows the boundary between the strato-
sphere and the troposphere. Gases in the stratosphere are
layered and do not mix as much as gases in the troposphere.
The air is also very thin in the stratosphere and contains little
moisture. The lower stratosphere is extremely cold. Its tempera-
ture averages —60°C. But temperature rises as altitude increases
in the stratosphere. This rise happens because ozone in the
stratosphere absorbs ultraviolet radiation from the sun, which
warms the air. Almost all of the ozone in the stratosphere is
contained in the ozone layer. The ozone layer protects life on
Earth by absorbing harmful ultraviolet radiation.

The Mesosphere: The Middle Layer

Above the stratosphere is the mesosphere. The mesosphere is
the middle layer of the atmosphere. It is also the coldest layer.
As in the troposphere, the temperature decreases as altitude
increases in the mesosphere. Temperatures can be as low as
-93°C at the top of the mesosphere.

Section 1
Copyright © by Holt, Rinehart and Winston. All rights reserved.
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Figure 4 As altitude increases

in the troposphere, temperature
decreases. Snow remains all year
on this mountaintop.

troposphere the lowest layer of

the atmosphere, in which tempera-
ture decreases at a constant rate as
altitude increases

stratosphere the layer of the
atmosphere that is above the
troposphere and in which tempera-
ture increases as altitude increases

mesosphere the layer of the
atmosphere between the strato-
sphere and the thermosphere and
in which temperature decreases as
altitude increases

Figure 5 This photograph of
Earth’s atmosphere was taken
from space. The troposphere is
the yellow layer; the stratosphere
is the white layer.

Characteristics of the Atmosphere 43



The Thermosphere: The Edge of the Atmosphere

thermosphere the uppermost The uppermost atmospheric layer is called the thermosphere. In
layer of the atmosphere, in which the thermosphere, temperature again increases with altitude.
temperature increases as altitude Atoms of nitrogen and oxygen absorb high-energy solar radia-
Increases g yg g gy
tion and release thermal energy, which causes temperatures in
the thermosphere to be 1,000°C or higher.

When you think of an area that has high temperatures,
you probably think of a place that is very hot. Although the
thermosphere has very high temperatures, it does not feel hot.
Temperature is different from heat. Temperature is a measure
of the average energy of particles in motion. The high tem-
perature of the thermosphere means that particles in that layer
are moving very fast. Heat, however, is the transfer of ther-
mal energy between objects of different temperatures. Particles
must touch one another to transfer thermal energy. The space
between particles in the thermosphere is so great that particles
do not transfer much energy. In other words, the density of
the thermosphere is so low that particles do not often collide
and transfer energy. Figure 6 shows how air density affects the
heating of the troposphere and the thermosphere.

WLATITTTELTTZd Why doesn’t the thermosphere feel hot?

@77 .XJP Temperature in the Troposphere and the Thermosphere

The thermosphere
is less dense than

the troposphere. The troposphere

S:o, although par- is denser than the

ticles are moving thermosphere. So,

very fast, they do not although particles in

transfer much thermal the troposphere are

energy. moving much slower
than particles in the
thermosphere, they
can transfer much

more thermal energy.




The lonosphere: Home of the Auroras

In the upper mesosphere and the lower thermosphere, nitro-
gen and oxygen atoms absorb harmful solar energy. As a
result, the thermosphere’s temperature rises, and gas particles
become electrically charged. Electrically charged particles are
called ions. Therefore, this part of the thermosphere is called
the ionosphere. As shown in Figure 7, in polar regions these
ions radiate energy as shimmering lights called auroras. The
ionosphere also reflects AM radio waves. When conditions
are right, an AM radio wave can travel around the world by
reflecting off the ionosphere. These radio signals bounce off
the ionosphere and are sent back to Earth.

SECTION
Review

Using Key Terms

1. Use each of the following terms
in a separate sentence:
air pressure, atmosphere, tropo-
sphere, stratosphere, mesosphere,
and thermosphere.

Summaryj

@ Nitrogen and oxygen
make up most of Earth’s
atmosphere.

@ Air pressure decreases
as altitude increases.

@® The composition of b
atmospheric layers
affects their temperature.

@ The troposphere is the
lowest atmospheric d
layer. It is the layer in
which we live.

Understanding Key Ideas

2. Why does the temperature of
different layers of the atmos-
phere vary?

a. because air temperature
increases as altitude increases

. because the amount of energy
radiated from the sun varies

¢. because of interference by
humans

. because of the composition of
gases in each layer

@ The stratosphere con- 3. Why does air pressure decrease
tains the ozone layer, as altitude increases?
which protects us from 4. How can the thermosphere have
harmful UV radiation. high temperatures but not

@® The mesosphere is the feel hot?
coldest atmospheric 5. What determines the tempera-
layer. ture of atmospheric layers?

@ The thermosphere is the
uppermost layer of the 6. What two gases make up most of
atmosphere. the atmosphere?

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Figure 7 Charged patrticles in
the ionosphere cause auroras,
or northern and southern lights.

Math Skills

7. If an average cloud has a density

of 0.5 g/m® and has a volume of
1,000,000,000 m®, what is the
weight of an average cloud?

Critical Thinking

8. Applying Concepts Apply what

10.

SC[ INKS.

you know about the relationship
between altitude and air pressure
to explain why rescue helicop-
ters have a difficult time flying
at altitudes above 6,000 m.

. Making Inferences If the upper

atmosphere is very thin, why do
space vehicles heat up as they
enter the atmosphere?

Making Inferences Explain
why gases such as helium can
escape Earth’s atmosphere.

Developed and maintained by the
National Science Teachers Association

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Composition of the Atmosphere
SciLinks code: HSM0328



READING WARM-UP

Objectives
@ Describe what happens to solar
energy that reaches Earth.

@® Summarize the processes of
radiation, conduction, and
convection.

@ Explain the relationship between
the greenhouse effect and global
warming.

Terms to Learn
radiation

thermal conduction
convection

global warming
greenhouse effect

READING STRATEGY

Reading Organizer As you read this
section, make a table comparing radia-
tion, conduction, and convection.

About 20% is absorbed by
ozone, clouds, and atmo-

spheric gases.

£

i .

e

Atmospheric Heating

You are lying in a park. Your eyes are closed, and you
feel the warmth of the sun on your face. You may have
done this before, but have you ever stopped to think
that it takes a little more than eight minutes for the
energy that warms your face to travel from a star that is
149,000,000 km away?

Energy in the Atmosphere

In the scenario above, your face was warmed by energy from
the sun. Earth and its atmosphere are also warmed by energy
from the sun. In this section, you will find out what happens
to solar energy as it enters the atmosphere.

Radiation: Energy Transfer by Waves

The Earth receives energy from the sun by radiation. Radiation is
the transfer of energy as electromagnetic waves. Although the
sun radiates a huge amount of energy, Earth receives only
about two-billionths of this energy. But this small fraction of
energy is enough to drive the weather cycle and make Earth
habitable. Figure 1 shows what happens to solar energy once
it enters the atmosphere.

Figure 1 Energy from the sun is absorbed
by the atmosphere, land, and water and is
changed into thermal energy.

About 25% is scat-
tered and reflected
by clouds and air.

v f
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About 50% is absorbed
by Earth’s surface.

About 5% is reflected
by Earth’s surface.




Conduction: Energy Transfer by Contact

If you have ever touched something hot, you have experienced radiation the transfer of energy as
the process of conduction. Thermal conduction is the transfer of ~ electromagnetic waves

thermal energy through a material. Thermal energy is always thermal conduction the transfer
transferred from warm to cold areas. When air molecules come of energy as heat through a material
into direct contact with the warm surface of Earth, thermal

} convection the transfer of thermal
energy is transferred to the atmosphere. energy by the circulation or move-

ment of a liquid or gas

Convection: Energy Transfer by Circulation

If you have ever watched a pot of water boil, you have observed
convection. Convection is the transfer of thermal energy by
the circulation or movement of a liquid or gas. Most thermal
energy in the atmosphere is transferred by convection. For
example, as air is heated, it becomes less dense and rises. Cool
air is denser, so it sinks. As the cool air sinks, it pushes the
warm air up. The cool air is eventually heated by the Earth’s
surface and begins to rise again. This cycle of warm air rising
and cool air sinking causes a circular movement of air, called
a convection current, as shown in Figure 2.

WATITTTELITd How do differences in air density cause convec-

tion currents? (See the Appendix for answers to Reading Checks.)

Figure 2 The processes of radiation,
thermal conduction, and convection
heat Earth and its atmosphere.

Radiation is the transfer of energy
by electromagnetic waves.

Convection currents
are created as warm air
rises and cool air sinks.

Near the Earth's
surface, air is heated by
thermal conduction.




@ TX) The Greenhouse Effect

oShort-wave solar
energy passes through
the atmosphere and
is absorbed by clouds 3
and by Earth’s surface.

4 . &' - eClouds and Earth’s
" . *ﬁ:‘h " surface reradiate
- a ! the solar energy as _
J ; ' . long-wave energy. "
‘ .e;- : The long-wave energy warms

Earth and the atmosphere.

The Greenhouse Effect and Life on Earth

As you have learned, about 70% of the radiation that enters
Earth’s atmosphere is absorbed by clouds and by the Earth’s
surface. This energy is converted into thermal energy that
warms the planet. In other words, short-wave visible light
is absorbed and reradiated into the atmosphere as long-wave
thermal energy. So, why doesn’t this thermal energy escape
back into space? Most of it does, but the atmosphere is like a
warm blanket that traps enough energy to make Earth livable.
This process, shown in Figure 3, is called the greenhouse effect.
greenhouse effect the warming of The greenhouse effect is the process by which gases in the
the surface and lower atmosphere of atmosphere, such as water vapor and carbon dioxide, absorb
Earth that occurs when water vapor, . . . .
carbon dioxide, and other gases thermal energy and radiate it back to Earth. This process is
absorb and reradiate thermal energy called the greenhouse effect because the gases function like the
glass walls and roof of a greenhouse, which allow solar energy
to enter but prevent thermal energy from escaping.

The Radiation Balance: Energy In, Energy Out

For Earth to remain livable, the amount of energy received
from the sun and the amount of energy returned to space
must be approximately equal. Solar energy that is absorbed
by the Earth and its atmosphere is eventually reradiated into
space as thermal energy. Every day, the Earth receives more
energy from the sun. The balance between incoming energy
and outgoing energy is known as the radiation balance.

48 Chapter 2 The Atmosphere
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Greenhouse Gases and Global Warming

Many scientists have become concerned about data that show
that average global temperatures have increased in the past
100 years. Such an increase in average global temperatures is
called global warming. Some scientists have hypothesized that
an increase of greenhouse gases in the atmosphere may be the
cause of this warming trend. Greenhouse gases are gases that
absorb thermal energy in the atmosphere.

Human activity, such as the burning of fossil fuels and
deforestation, may be increasing levels of greenhouse gases,
such as carbon dioxide, in the atmosphere. If this hypothesis
is correct, increasing levels of greenhouse gases may cause aver-
age global temperatures to continue to rise. If global warming
continues, global climate patterns could be disrupted. Plants
and animals that are adapted to live in specific climates would
be affected. However, climate models are extremely complex,
and scientists continue to debate whether the global warming
trend is the result of an increase in greenhouse gases.

' ILELL 1N e/ What is a greenhouse gas?

global warming a gradual
increase in average global
temperature

SECTION
Review

Summaryj

@ Energy from the sun is
transferred through the
atmosphere by radiation,
thermal conduction, and

Math Skills

6. Find the average of the follow-
ing temperatures: 73.2°F, 71.1°F,
54.6°F, 65.5°F, 78.2°F, 81.9°F, and
82.1°F

Using Key Terms

1. Use each of the following terms
in a separate sentence: thermal
conduction, radiation, convec-
tion, greenhouse effect, and global
warming.

Critical Thinking
Understanding Key Ideas

2. Which of the following is
the best example of thermal
conduction?

7. Identifying Relationships How
does the process of convection
rely on radiation?

8. Applying Concepts Describe

convection. . .
e a. a light bulb warming a global warming in terms of the
® Radiation is energy lampshade radiation balance.
transfer_by electro- T
magnetic waves. Ther- frying pan

mal conduction is
energy transfer by direct
contact. Convection is
energy transfer by

c. water boiling in a pot

d. gases circulating in the
atmosphere

S C[ INKS. Developed and maintained by the

National Science Teachers Association

circulation. 3. Describe three ways that energy For a variety of links related to this
@ The greenhouse effect is transferred in the atmosphere. chapter, go to www.scilinks.org
is Earth’s natural heat- 4. What is the difference between Topic: Energy in the Atmosphere

ing process. Increasing
levels of greenhouse
gases could cause global
warming.

the greenhouse effect and global
warming?

5. What is the radiation balance?
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READING WARM-UP

Objectives

@ Explain the relationship between air
pressure and wind direction.

@ Describe global wind patterns.

@ Explain the causes of local wind
patterns.

Terms to Learn

wind westerlies
Coriolis effect trade winds
polar easterlies jet stream

READING STRATEGY

Prediction Guide Before reading this
section, write the title of each heading
in this section. Next, under each head-

ing, write what you think you will learn.

wind the movement of air caused
by differences in air pressure

Figure 1 In 1992, Hurricane
Andrew became the most

destructive hurricane in U.S. history.

The winds from the hurricane
reached 264 km/h.

50 Chapter 2

Global Winds and
Local Winds

If you open the valve on a bicycle tube, the air rushes out.
Why? The air inside the tube is at a higher pressure than
the air is outside the tube. In effect, letting air out of the
tube created a wind.

Why Air Moves

The movement of air caused by differences in air pressure is
called wind. The greater the pressure difference, the faster the
wind moves. The devastation shown in Figure 1 was caused by
winds that resulted from extreme differences in air pressure.

Air Rises at the Equator and Sinks at the Poles

Differences in air pressure are generally caused by the unequal
heating of the Earth. The equator receives more direct solar
energy than other latitudes, so air at the equator is warmer
and less dense than the surrounding air. Warm, less dense air
rises and creates an area of low pressure. This warm, rising
air flows toward the poles. At the poles, the air is colder and
denser than the surrounding air, so it sinks. As the cold air
sinks, it creates areas of high pressure around the poles. This
cold polar air then flows toward the equator.

The Atmosphere
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0° Equator

30°S 'n,»

Pressure Belts Are Found Every 30°

You may imagine that wind moves in one huge, circular pat-
tern from the poles to the equator. In fact, air travels in many
large, circular patterns called convection cells. Convection cells
are separated by pressure belts, bands of high pressure and low
pressure found about every 30° of latitude, as shown in Figure 2.
As warm air rises over the equator and moves toward the
poles, the air begins to cool. At about 30° north and 30° south
latitude, some of the cool air begins to sink. Cool, sinking air
causes high pressure belts near 30°north and 30°south latitude.
This cool air flows back to the equator, where it warms and
rises again. At the poles, cold air sinks and moves toward the
equator. Air warms as it moves away from the poles. Around
60° north and 60° south latitude, the warmer air rises, which
creates a low pressure belt. This air flows back to the poles.

WAZTITXLITId Why does sinking air cause areas of high
pressure? (See the Appendix for answers to Reading Checks.)

Section 3 Global Winds and Local Winds

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Figure 2 The uneven heating
of the Earth produces pressure
belts. These belts occur at
about every 30° of latitude.

== Cool air
s \\/arm air

51



Earth's
rotation

mmsp Path of wind without Coriolis effect
msmms} Approximate path of wind

Figure 3 The Coriolis effect in
the Northern Hemisphere causes
winds traveling north to appear
to curve to the east and winds
traveling south to appear to
curve to the west.

Coriolis effect the apparent curv-
ing of the path of a moving object
from an otherwise straight path due
to the Earth’s rotation

polar easterlies prevailing winds
that blow from east to west between
60° and 90° latitude in both
hemispheres

westerlies prevailing winds that
blow from west to east between 30°
and 60° latitude in both hemispheres

trade winds prevailing winds
that blow east to west from

30° latitude to the equator in both
hemispheres

52 Chapter 2

The Coriolis Effect

As you have learned, pressure differences cause air to
move between the equator and the poles. But try spin-
ning a globe and using a piece of chalk to trace a straight
line from the equator to the North Pole. The chalk line
curves because the globe was spinning. Like the chalk
line, winds do not travel directly north or south, because
the Earth is rotating. The apparent curving of the path
of winds and ocean currents due to the Earth’s rotation
is called the Coriolis effect. Because of the Coriolis effect
in the Northern Hemisphere, winds traveling north curve
to the east, and winds traveling south curve to the west,
as shown in Figure 3.

Global Winds

The combination of convection cells found at every 30° of
latitude and the Coriolis effect produces patterns of air circula-
tion called global winds. Figure 4 shows the major global wind
systems: polar easterlies, westerlies, and trade winds. Winds
such as easterlies and westerlies are named for the direction
from which they blow.

Polar Easterlies

The wind belts that extend from the poles to 60° latitude
in both hemispheres are called the polar easterlies. The polar
easterlies are formed as cold, sinking air moves from the poles
toward 60° north and 60° south latitude. In the Northern
Hemisphere, polar easterlies can carry cold arctic air over the
United States, producing snow and freezing weather.

Westerlies

The wind belts found between 30° and 60° latitude in both
hemispheres are called the westerlies. The westerlies flow toward
the poles from west to east. The westerlies can carry moist air
over the United States, producing rain and snow.

Trade Winds

In both hemispheres, the winds that blow from 30° latitude
almost to the equator are called trade winds. The Coriolis
effect causes the trade winds to curve to the west in both
hemispheres. Early traders used the trade winds to sail from
Europe to the Americas. As a result, the winds became known
as “trade winds.”

' (Ll TN T @ If the trade winds carried traders from Europe
to the Americas, what wind system carried traders back to Europe?

The Atmosphere
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The Doldrums

The trade winds of the Northern and Southern Hemispheres
meet in an area around the equator called the doldrums. In the
doldrums, there is very little wind because the warm, rising
air creates an area of low pressure. The name doldrums means
“dull” or “sluggish.”

The Horse Latitudes

At about 30° north and 30° south latitude, sinking air creates
an area of high pressure. The winds at these locations are
weak. These areas are called the horse latitudes. According to
legend, this name was given to these areas when sailing ships
carried horses from Europe to the Americas. When the ships
were stuck in this windless area, horses were sometimes thrown
overboard to save drinking water for the sailors. Most of the
world’s deserts are located in the horse latitudes because the
sinking air is very dry.

90°N

Polar easterlies

oy A
- N_ Horse latitudes

¥ ..-q

ﬁ)oldrums
|

0° Equator

30°S

60°S

Polar easterlies

Figure 4 Both the Northern
Hemisphere and the Southern
Hemisphere have three wind
belts as a result of pressure
differences.

=== (ool air
=== \Varm air
—=m) \Vind direction

Section 3 Global Winds and Local Winds
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Jet Streams: Atmospheric Conveyor Belts

The flight from Seattle to Boston can be 30 minutes faster than
the flight from Boston to Seattle. Why? Pilots take advantage
of a jet stream similar to the one shown in Figure 5. The
jet streams are narrow belts of high-speed winds that blow in
the upper troposphere and lower stratosphere. These winds
can reach maximum speeds of 400 km/h. Unlike other global
winds, the jet streams do not follow regular paths around the
Earth. Knowing the path of a jet stream is important not only
to pilots but also to meteorologists. Because jet streams affect
\ the movement of storms, meteorologists can track a storm if
_,_5_‘_%.1_- 3 they know the location of a jet stream.
by i R

Figure 5 The jet stream forms Local Winds
this band of clouds as it flows
above the Earth.

Local winds generally move short distances and can blow from
any direction. Local geographic features, such as a shoreline or
a mountain, can produce temperature differences that cause
local winds. For example, the formation of sea and land breezes
jet stream a narrow belt of is shown in Figure 6. During the day, the land heats up faster
strong winds that blow in the than the water, so the air above the land becomes warmer than
upper troposphere the air above the ocean. The warm land air rises, and the cold
ocean air flows in to replace it. At night, the land cools faster
than water, so the wind blows toward the ocean.

Sea and Land Breezes

‘ During the day, air over the ocean

. - e Air over the land is warmer.
| is cooler and forms an area of high

As warm air rises, it creates an
area of low pressure.

Air over land is cooler and

At night, air over the ocean is forms an area of high pressure.
warmer. As the warm air rises, it : The cool air moves toward the
forms an area of low pressure. : ocean, producing a land breeze.
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Mountain Breezes and Valley Breezes

Mountain and valley breezes are other examples of local winds
caused by an area’s geography. Campers in mountainous areas
may feel a warm afternoon quickly change into a cold night
soon after the sun sets. During the day, the sun warms the air
along the mountain slopes. This warm air rises up the mountain
slopes, creating a valley breeze. At nightfall, the air along the
mountain slopes cools. This cool air moves down the slopes
into the valley, producing a mountain breeze.

' ([Nl N 9@ Why does the wind tend to blow down from
mountains at night?

SECTION
Review

Using Key Terms

1. In your own words, write a defi-
nition for each of the following
terms: wind, Coriolis effect, jet
stream, polar easterlies, westerlies,

g and trade winds.

Understanding Key Ideas
@® Winds blow from areas
of high pressure to areas

of low pressure. o
a. because warm air is less dense
@ Pressure belts are found

. o than cold air
approximately every 30 o
of latitude. b. because warm air is denser

than cold air
c. because cold air is less dense
than warm air

2. Why does warm air rise and cold
air sink?

@ The Coriolis effect causes
wind to appear to curve
as it moves across the

Earth's surface. d. because warm air has less

@® Global winds include pressure than cold air does
the polar easterlies, the 3. What are pressure belts?
x?ns;irlles, and the trade 4. What causes winds?

@ Local winds include sea 5. How does the Coriolis effect
and land breezes and affect wind movement?
mountain and valley 6. How are sea and land breezes
breezes. similar to mountain and valley

breezes?

7. Would there be winds if the
Earth’s surface were the same
temperature everywhere?
Explain your answer.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Local Breezes The chinook,
the shamal, the sirocco, and
the Santa Ana are all local
winds. Find out about an inter-
esting local wind, and create

a poster-board display that
shows how the wind forms
and how it affects human
cultures.

—T

Math Skills

Flying an airplane at 500 km/h,
a pilot plans to reach her desti-
nation in 5 h. But she finds a jet
stream moving 250 km/h in the
direction she is traveling. If she
gets a boost from the jet stream
for 2 h, how long will the

tlight last?

Critical Thinking

9.

10.

SC[ INKS.

Making Inferences In the
Northern Hemisphere, why do
westerlies flow from the west but
trade winds flow from the east?

Applying Concepts Imagine
you are near an ocean in the
daytime. You want to go to the
ocean, but you don’t know how
to get there. How might a local
wind help you find the ocean?

Developed and maintained by the
National Science Teachers Association

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Atmospheric Pressure and Winds
SciLinks code: HSMO0115



READING WARM-UP

Objectives

@® Compare primary and secondary
air pollutants.

@ Identify point-sources and nonpoint-
sources of air pollution in North
Carolina.

@ | dentify sources of human-caused air
pollution.

@ Describe how acid precipitation
affects the environment.

Terms to Learn
air pollution
acid precipitation

READING STRATEGY

Reading Organizer As you read this
section, make a table that identifies
major sources of air pollution and the
effects of each.

air pollution the contamination of
the atmosphere by the introduction

of pollutants from human and natu-
ral sources

Air Pollution

In December 1952, one of London’s dreaded “pea souper”
fogs settled on the city. But this was no ordinary fog—it was
thick with coal smoke and air pollution. It burned people’s
lungs, and the sky grew so dark that people could not see
their hands in front of their faces. When the fog lifted four
days later, thousands of people were dead!

London’s killer fog shocked the world and caused major
changes in England’s air-pollution laws. People began to think
that air pollution was not simply a part of urban life that had
to be endured. Air pollution had to be reduced. Although this
event is an extreme example, air pollution is common in many
parts of the world. However, nations are taking major steps to
reduce air pollution. But what is air pollution? Air pollution is
the contamination of the atmosphere by the introduction of
pollutants from human and natural sources. Air pollutants are
classified according to their source as either primary pollutants
or secondary pollutants.

Primary Pollutants

Pollutants that are put directly into the air by human or natural
activity are primary pollutants. Primary pollutants from natural
sources include dust, sea salt, volcanic gases and ash, smoke
from forest fires, and pollen. Primary pollutants from human
sources include carbon monoxide, dust, smoke, and chemi-
cals from paint and other substances. In urban areas, vehicle
exhaust is a common source of primary pollutants. Examples
of primary pollutants are shown in Figure 1.

' (Ll N T @ List three primary pollutants from natural

sources. (See the Appendix for answers to Reading Checks.)

@73 Examples of Primary Pollutants

Industrial emissions

56 Chapter 2

Vehicle exhaust Volcanic ash
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Secondary Pollutants

Pollutants that form when primary pollutants react with
other primary pollutants or with naturally occurring
substances are secondary pollutants. Ozone and smog are
examples of secondary pollutants. Ozone is formed when
sunlight reacts with vehicle exhaust and air. You may
have heard of “Ozone Action Day” warnings in your
community. When such a warning is issued, people are
discouraged from outdoor physical activity because ozone
can damage their lungs. In the stratosphere, ozone forms
a protective layer that absorbs harmful radiation from the
sun. Near the Earth’s surface, however, ozone is a dangerous
pollutant that negatively affects the health of organisms.
Figure 2 shows how smog is formed.

Point and Nonpoint-Source Pollutants

All sources of pollutants can be classified as either point-
source pollutants or non-point source pollutants. Point-
source pollutants are pollutants that are released from a
single source. Examples of point-source pollutants in North
Carolina are smoke from burning brush, chemical wastes
and gases from agricultural industries as shown in Figure 3,
and particulate matter. Particulate matter is any small par-
ticle of dust, dirt, or soot in the air. Nonpoint-source pollut-
ants are pollutants that come from many different sources
and are often difficult to identify. Examples of nonpoint-
source pollutants in North Carolina include ozone and
haze. Ozone forms when emissions from industries and
motor vehicles react with air and sunlight. Haze forms
when emissions from power plants react with air.

iR E

| 108011
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) Ozone reacts with vehicle
exhaust to form smog.

Ozone
@) Vehicle exhaust
reacts with air
and sunlight to
form ozone.

Automobile

t . exhaust

Figure 2 Smog forms when sunlight
reacts with ozone and vehicle exhaust.

Figure 3 Chemicals such as
methane from animal waste,
are considered point-source
pollutants.
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CONNECHON,TO-,\,G};.\ Sources of Human-Caused Air Pollution

Biology i Human-caused air pollution comes from a variety of sources.
Cleaning the Air with A major source of air pollution today is transportation. Cars
Plants Did you know that contribute about 10% to 20% of the human-caused air pollution
common houseplants can in the United States. Vehicle exhaust contains nitrogen oxide,
help fight indoor air pollu- which contributes to smog formation and acid precipitation.

tion? Some houseplants are

However, pollution controls and cleaner gasoline have greatly

so effective at removing air : ) ;

pollutants that NASA might reduced air pollution from vehicles.

use them as part of the life- i i i

support system in future space |ndustl"la| Air Po‘lutlon

stations. Back on Earth, you Many industrial plants and electric power plants burn fossil
can use plants to clean the

air in your school or home.

fuels, such as coal, to produce energy. Burning some types of

Research the top 10 air- coal without pollution controls can release large amounts of
cleaning houseplants, and find air pollutants. Some industries also produce chemicals that can
out if you can grow any of pollute the air. Oil refineries, chemical manufacturing plants,
them in your classroom dry-cleaning businesses, furniture refinishers, and auto body

or home. T
_z':bg[gﬂ}',

Figure 4

of indoor air pollution. Indoor air
pollution can be difficult to detect

because it

Chlorine and

ammonia

shops are all potential sources of air pollution.

N

Indoor Air Pollution

Sometimes, the air inside a building can be more polluted
than the air outside. Some sources of indoor air pollution are
shown in Figure 4. Ventilation, or the mixing of indoor air
with outdoor air, can reduce indoor air pollution. Another way
to reduce indoor air pollution is to limit the use of chemical
solvents and cleaners.

There are many sources

is often invisible.
Nitrogen oxides from unvented gas Fungi and bacteria from dirty
stove, wood stove, or kerosene heater heating and air conditioning ducts

Carbon

from monoxide
household from faulty
cleaners furnace and car
left running
Solvents from
paint strippers
and thinners
Chemicals
from dry
cleaning
Formaldehyde from furniture, carpeting, Gasoline from car
particleboard, and foam insulation and lawn mower
58 Chapter 2 The Atmosphere
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Acid Precipitation

When fossil fuels are burned, they can release sulfur dioxide
and nitrogen oxide into the atmosphere. When these pol-
lutants combine with water in the atmosphere, they form
sulfuric acid and nitric acid. Precipitation such as rain, sleet,
or snow that contains these acids from air pollution is called
acid precipitation. Precipitation is naturally acidic, but sulfuric
acid and nitric acid can make it so acidic that it can negatively
affect the environment. In most areas of the world, pollution
controls have helped reduce acid precipitation.

Acid Precipitation and Plants

Plant communities have adapted over long periods of time to
the natural acidity of the soil in which they grow. Acid pre-
cipitation can cause the acidity of soil to increase. This process,
called acidification, changes the balance of a soil’s chemistry in
several ways. When the acidity of soil increases, some nutrients
are broken down. Nutrients that plants need for growth get
washed away by acidic rainwater. Increased acidity also releases
aluminum and other toxic metals from the soil. Some of these
toxic metals are absorbed by the roots of plants.

' Ll 1N e/ How does acid precipitation affect plants?

The Effects of Acid Precipitation on Forests

Forest ecology is complex. Scientists are still trying to fully
understand the long-term effects of acid precipitation on
groups of plants and their habitats. In some areas of the
world, however, acid precipitation has damaged large areas of
forest. The effects of acid precipitation are most noticeable in
Eastern Europe, as shown in Figure 5. Forests in the northeastern
United States and in eastern Canada have also been affected

by acid precipitation.
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acid precipitation rain, sleet,
or snow that contains a high
concentration of acids

QUi 2y

Testing for Particulates

1. Particulates are pollut-
ants such as dust that are
extremely small. In this
lab, you will measure the
amount of particulates in
the air. Begin by covering
ten 5 in. x 7 in. index
cards with a thin coat of
petroleum jelly.

2. Hang the cards in various
locations inside and out-
side your school.

3. One day later, use a

magnifying lens to count
the number of particles on

the cards. Which location
had the fewest number
of particulates? Which
location had the highest
number of particulates?
Hypothesize why.

Figure 5 This forest in
Poland was damaged
by acid precipitation.

Section 4 Air Pollution
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Acid Precipitation and Aquatic Ecosystems
Aquatic organisms have adapted to live in water
that has a particular range of acidity. If acid pre-
cipitation increases the acidity of a lake or stream,
aquatic plants, fish, and other aquatic organisms
living in the lake or stream may die.

The effects of acid precipitation are worst in
the spring, when the acidic snow that built up in
the winter melts and acidic water flows into lakes
and rivers. A rapid change in a body of water’s
acidity is called acid shock. Acid shock can cause
large numbers of fish in a population to die, as
shown in Figure 6. Acid shock can affect how fish
absorb oxygen and nutrients. To reduce the effects
of acid precipitation on aquatic ecosystems, some
communities add powdered limestone (calcium car-
bonate) to acidified lakes in the spring. Limestone
neutralizes acids in the lakes. Unfortunately, lime-
stone cannot prevent all acid damage to lakes.

WATTITXITZd Why is powdered limestone added
to lakes in the spring instead of the fall?

T LA Acid Precipitation and Humans

Figure 6 Acid shock, which is a rapid change Acid precipitation can also affect humans. An

in a body of water’s acidity, can prevent fish
from absorbing oxygen and nutrients. Acid

increase in soil acidity can cause toxic metals,

shock can cause populations of fish to die. such as aluminum and mercury, to be released

60

from the soil. These toxic metals can find their
way into crops, water, fish, and then eventually
into the human body. Studies have also shown
that acid precipitation may harm the respiratory
health of children.

‘.

QUi 3y,

NS

Neutralizing Acid Precipitation

1. Pour 1/2 tbsp of vinegar into one cup of distilled water, and
stir the mixture well. Check the pH of the mixture by using pH
paper. The pH should be about 4.

2. Crush one stick of blackboard chalk into powder. Pour the
powder into the vinegar and water mixture. Check the pH of
the mixture.

3. Did the vinegar and water mixture become more or less acidic
after the powdered chalk was poured in?

Chapter 2 The Atmosphere
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International Cooperation

Controlling acid precipitation is complicated. Pollutants that
are released in one area may later fall to the ground as acid
precipitation in an area hundreds of kilometers away. Some-
times, pollution from one country results in acid precipita-

CONNECTION TO =0 &
Chemistny
Acidity of Precipitation
Acidity is measured by using
a pH scale, the units of which

tion in another country. For example, almost half of the acid range from 1 to 14. Solutions
precipitation that falls in southeastern Canada results from that have a pH of less than 7
pollution produced in the United States. In the spirit of coop- are acidic. Research recorded

pH levels of acid rain in your

eration, the governments of Canada and the United States area. Then, compare these pH
signed the Canada-U.S. Air Quality Agreement in 1991. Both levels with the pH levels of
countries agreed to reduce acidic emissions that flowed across other common acids, such as
the Canada-U.S. boundary. More of these international agree- lemon juice and acetic acid.

ments may be necessary to control acid precipitation. ﬁ

SECTION

Using Key Terms Interpreting Graphics

[ ]
ReVIew The statements below are false. For Use the map to answer the questions
each statement, replace the under- below.
lined term to make a true 6. Which areas have the most
statement. - o
acidic precipitation?
- i i i . .
! _piAlr ollupgn is a sudden change 7. Boston is a larger city than Buf-
in the acidity of a stream or lake. - A
talo is, but the precipitation
@® Primary pollutants are 2. Smog is rain, sleet, or snow that measured in Buffalo is more
pollutants that are put has a high concentration of acid. acidic than the precipitation in
directly into the air by Boston. Explain why.
human or natural activ- Understanding Key Ideas

ity. Secondary pollutants

form when primary pol- 3. Which of the following is a pri- F‘-el‘i_‘;"i s

lutants react with other mary pollutant? — A

primary pollutants or a. ozone 4.4-45

with naturally occurring b. smog : fe'fs:hif4_3 /f*’f-

substances. c. vehicle exhaust : |
@ Point-source pollutants d. rain

in North Carolina are

smoke, outdoor odors,
and particulate matter.
Nonpoint-source pollu-

4. List the main point-source
pollutants and nonpoint-source
pollutants in North Carolina.

tants in North Carolina . L. .
are ozone and haze. Critical Thinking SCZ
@ Transportation, industry, 5. Expressing Opinions How do IN KS .

. . Developed and maintained by the
and natural sources are you think that nations should National Science Teachers Association
the main sources of air resolve air-pollution problems . . .

. . - For a variety of links related to this
pollution. that cross national boundaries?

chapter, go to www.scilinks.org

h

@ Acid precipitation can
have harmful effects
on plants, animals, and
humans.

Topic: Acid Precipitation
SciLinks code: HSM1690
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READING WARM-UP

Objectives

@ List three effects of air pollution on
the human body.

@® Describe how air quality is moni-
tored and measured.

@® Describe how air quality is commu-
nicated to the public.

@ Identify ways to reduce air pollution.

READING STRATEGY

Reading Organizer As you read this
section, create an outline of the section.
Use the headings from the section in
your outline.

62 Chapter 2

Maintaining Air Quality

Have you ever seen or heard a weather forecaster report
the day’s air quality? Have you ever had to stay indoors
because the air outside was unhealthy?

The air quality in your area affects your health and your every-
day life. It’s important to learn about the air quality in your
area and to know the short-term and long-term effects of air
pollution on your health.

Air Pollution and Human Health

Daily exposure to small amounts of air pollution can cause
serious health problems. Children, elderly people, and people
who have asthma, allergies, lung problems, and heart problems
are especially vulnerable to the effects of air pollution.

Short-Term and Long-Term Effects

Many of the effects of air pollution on the human body are
short-term effects and are immediately noticeable. Coughing,
headaches, irritation to the eyes, nose, and throat, and an
increase in asthma-related problems are only a few short-term
effects. One good way to avoid experiencing any short-term
effects of air pollution is staying indoors on days when the
air quality is poor in your area. People who cannot stay
indoors because of their jobs, such as the police officer in
Figure 1, can wear masks and other gear to protect themselves
from air pollution.

Long-term effects of air pollution,
such as lung cancer and heart disease,
may not be noticed until many years
after an individual has been exposed
to pollutants.

WA TITXITTY List three short-
term effects of air pollution on human
health. (See the Appendix for answers to

Reading Checks.)

Figure 1 This police officer
wears a mask to protect him from
harmful pollutants as he directs
traffic in Bangkok, Thailand.

The Atmosphere
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Monitoring Air Quality

In 1970, the United States Congress passed the Clean Air Act.
The Clean Air Act is a law that gives the Environmental Pro-
tection Agency (EPA) the authority to regulate the amount of
air pollutants that can be released from any source, such as
cars and factories.

Air Quality Standards

The EPA sets air quality standards for each state to follow.
There are specific standards regarding levels of pollutants,
such as carbon monoxide, lead, and ozone. These standards
restrict how much of each pollutant can be released. The EPA
works to improve air quality in areas where the air quality is
poor and to prevent air pollution in areas where the air qual-
ity is healthy. There are two types of standards—primary and
secondary. Primary standards protect against the effects of air
pollution on human health and secondary standards protect
against the effects of air pollution on crops, vegetation, and
buildings. If air quality worsens, the EPA can set stricter stan-
dards. The Clean Air Act was strengthened in 1990.

Air Quality Index

The EPA and local governments are responsible for setting and
enforcing air quality standards, as well as for reporting the air
quality to the public. The Air Quality Index (AQI), shown in
Table 1, is used to provide the public with daily air quality
information. The AQI measures the air quality of an area with a
value from O to 500. The AQI is determined after air pollution
monitors record the concentrations of the major pollutants in
an area. The higher the AQI, the higher the level of air pol-
lution, and the higher the health risk. Once the AQI value is
determined for a certain area, a level of health concern and
color is also given.

Table 1 Air Quality Index

SEnvironmentaliSciencey:

b

“ CONNECTION|TO -~ &

I"TTITTd The Ozone Hole

SKILL In 1985, scientists
reported an alarming discovery
about the Earth’s protective
ozone layer. Over the Antarctic
regions, the ozone layer was
thinning. Chemicals called CFCs
were causing ozone to break
down into oxygen, which does
not block the sun’s harmful
ultraviolet (UV) rays. The thin-
ning of the ozone layer creates
an ozone hole, which allows
more UV radiation to reach

the Earth’s surface. UV radia-
tion is dangerous to organisms
because it damages genes and
can cause skin cancer. Using
the Internet or library resources
research the current state of
the ozone layer. Also, find out if
CFCs are still being used today.

Air Quality Index
(AQI) Values Levels of Health Concern Colors
0 to 50 Good Green
51 to 100 Moderate Yellow
101 to 150 Unhealthy for sensitive groups Orange
151 to 200 Unhealthy Red
201 to 300 Very Unhealthy Purple
301 to 500 Hazardous Maroon
Section 5 Maintaining Air Quality 63
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Figure 2 This power plant is
leading the way in clean-coal
technology. The plant turns coal
into a gas before it is burned, so
fewer pollutants are released.

Figure 3 Many states require
cars to get emissions tests.
Regulating the amount of
emissions that vehicles release
helps reduce air pollution.

T

Reducing Air Pollution

Much progress has been made in reducing air pollution. The
Clean Air Act, stricter air quality standards, advancements in
technology, and lifestyle changes all help reduce air pollu-
tion.

Controlling Air Pollution from Industry

The Clean Air Act requires many industries to use pollution-
control devices such as scrubbers. A scrubber is a device that
is used to remove some pollutants before they are released by
smokestacks. Scrubbers in coal-burning power plants remove
particles such as ash from the smoke. Other industrial plants,
such as the power plant shown in Figure 2, focus on burning
fuel more efficiently so that fewer pollutants are released.

Reducing Motor Vehicle Emissions

A large percentage of air pollution in the
United States comes from the vehicles we
drive. To reduce air pollution from vehicles,
the EPA requires car makers to meet a certain
standard for vehicle exhaust. Devices such as
catalytic converters remove many pollutants
from exhaust and help cars meet this standard.
To make sure that cars continue to meet this
standard, some states require vehicles to pass an
emissions inspection, as shown in Figure 3.

Cleaner fuels and more-efficient engines have
also helped reduce air pollution from vehicles.
Car makers are also designing cars that run on
fuels other than gasoline. Some of these cars run
on hydrogen or natural gas. Hybrid cars, which
are becoming more common, use gasoline and
electric power to reduce emissions.

64 Chapter 2 The Atmosphere

Copyright © by Holt, Rinehart and Winston. All rights reserved.



Ways To Reduce Air Pollution

People can make choices that can help reduce air pollu-
tion. For example, you can reduce air pollution by car-
pooling, using public transportation, walking, or biking
to your destination, as shown in Figure 4. Planning ahead
to combine trips or errands instead of making multiple
trips also helps reduce pollution. Keeping cars and other
gas-powered machines in good condition helps reduce
the amount of fuel the engine consumes, and therefore
reduces the amount of emissions the engine releases.
Conserving electricity also helps reduce air pollution.
Turning off lights and other electrical appliances when
they are not in use can reduce the amount of air pollu-
tion that is created when electricity is generated. You can
also learn more about reducing air pollution by talking
to your state environmental agency or by joining a group

that is working to reduce air pollution in your area. Figure 4 In Copenhagen,

_ Denmark, companies loan free
' (LT J N 9@ Describe one way that you can help bicycles in exchange for publicity.
reduce air pollution. The program helps reduce air

pollution and auto traffic.

SECTION
Review

Understanding Key Ideas Critical Thinking

1. Which of the following is a 8. Identitying Relationships How
long-term effect of air pollution can advancements in technology
on the human body? help reduce motor vehicle emis-
a. irritation to the eyes sions?

m b. lung cancer 9. Applying Concepts List three
c¢. headaches ways that your community can

) d. coughin reduce air pollution. How can
@® Coughing, headaches, .g 8 . you raise awareness in your

and an increase in 2. Describe the Clean Air Act. community about how to reduce

asthma-related Problems When was the Clean Air Act air pollution?

are three effects of air passed by Congress?

pollution on the human 3. Explain how the EPA ensures

body. that areas maintain healthy air
@ The EPA and local quality.

governments set and P SC i
4. What do the EPA’s primary and [
INKS.

enforce air quality stan- secondary air quality standards
dards, and inform the —r
U pr otect? Developed and maintained by the

public about air quality_ National Science Teachers Association

@ Air pollution can be 5. Describe three effects of air pol- For a variety of links related to this
reduced by legislation, lution on human health. chapter, go to www.scilinks.org
such as the Clean Air 6. How can industries help reduce Topic: Air Pollution

Act; by technology, such

as scrubbers; and by
changes in lifestyle. 7. What is the Air Quality Index?

. : >
the air pollution they release? Scilinks code: HSM0033
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Predict how changes in air
pressure affect a barometer.

Build a barometer to test your
hypothesis.

LMATERIALS J

balloon

can, coffee, large, empty, 10 cm
in diameter

card, index

scissors

straw, drinking

tape, masking, or rubber band

e

Using Scientific Methods

Skills/Practice|Lab)

Under Pressure!

Imagine that you are planning a picnic with your friends,
so you look in the newspaper for the weather forecast. The
temperature this afternoon should be in the low 80s. This
temperature sounds quite comfortable! But you notice that
the newspaper’'s forecast also includes the barometer reading.
What's a barometer? And what does the reading tell you? In
this activity, you will build your own barometer and will dis-
cover what this tool can tell you.

4
=

Ask a Question

€@ How can I use a barometer to detect changes in air pressure?

Form _a Hypothesis

@ \rite a few sentences that answer the question above.

Test the Hypothesis

o Stretch the balloon a few times. Then, blow up the balloon,
and let the air out. This step will make your barometer more
sensitive to changes in atmospheric pressure.

o Cut off the open end of the balloon. Next, stretch the balloon
over the open end of the coffee can. Then, attach the balloon
to the can with masking tape or a rubber band.
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© Cut one end of the straw at an angle to make
a pointer.

@ Place the straw on the stretched balloon so
that the pointer is directed away from the
center of the balloon. Five centimeters of the
end of the straw should hang over the edge
of the can. Tape the straw to the balloon as
shown in the illustration at right.

o Tape the index card to the side of the
can as shown in the illustration at right.
Congratulations! You have just made a
barometer!

0 Now, use your barometer to collect and
record information about air pressure. Place
the barometer outside for 3 or 4 days. On
each day, mark on the index card where the
tip of the straw points.

Analyze the Results

@ Explaining Events What atmospheric
factors affect how your barometer works?
Explain your answer.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

© Recognizing Patterns What does it mean
when the straw moves up?

© Recognizing Patterns What does it mean
when the straw moves down?

Draw Conclusions

© Applying Conclusions Compare your results
with the barometric pressures listed in your
local newspaper. What kind of weather is
associated with high pressure? What kind of
weather is associated with low pressure?

© Evaluating Results Does the barometer you
built support your hypothesis? Explain your
answer.

Applying Your Data

Now, you can use your barometer to measure
the actual air pressure! Get the weather section
from your local newspaper for the same 3 or

4 days that you were testing your barometer.
Find the barometer reading in the newspaper
for each day, and record the reading beside
that day’s mark on your index card. Use these
markings on your card to create a scale with
marks at regular intervals. Transfer this scale to
a new card and attach it to your barometer.
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USING KEY TERMS

For each pair of terms, explain how the
meanings of the terms differ.

@ uir pressure and wind

© troposphere and thermosphere

o greenhouse effect and global warming
© convection and thermal conduction
© slobal wind and local wind

© stratosphere and mesosphere

UNDERSTANDING KEY IDEAS

Multiple Choice

@ What is the most abundant gas in the
atmosphere?
a. oxygen
b. hydrogen
¢. nitrogen
d. carbon dioxide

0 A major source of oxygen for the
Earth’s atmosphere is
a. sea water.
b. the sun.
c. plants.
d. animals.

O The bottom layer of the atmosphere,
where almost all weather occurs, is the
a. stratosphere.
b. troposphere.
c. thermosphere.
d. mesosphere.
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@ What percentage of the solar energy
that reaches the outer atmosphere is
absorbed at the Earth’s surface?

a. 20% c. 50%
b. 30% d. 70%

@ The ozone layer is located in the

a. stratosphere.
b. troposphere.
c. thermosphere.
d. mesosphere.

@ By which method does most thermal
energy in the atmosphere circulate?

¢. advection
d. radiation

a. conduction
b. convection

@ The balance between incoming energy
and outgoing energy is called
a. the convection balance.
b. the conduction balance.
c. the greenhouse effect.
d. the radiation balance.

@ Which of the following pollutants is
NOT a primary pollutant?
a. car exhaust
b. acid precipitation
c. smoke from a factory
d. fumes from burning plastic

(D The Clean Air Act

a. controls the amount of air pollu-
tants that can be released from
many sources.

b. requires cars to run on fuels other
than gasoline.

c¢. requires many industries to use
scrubbers.

d. Both (a) and (¢)
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Short Answer

(D Why does the atmosphere become less
dense as altitude increases?

@ Explain why air rises when it is heated.

(D What is the main cause of temperature
changes in the atmosphere?

(@ What are secondary pollutants, and
how do they form? Give an example
of a secondary pollutant.

€@ Give one example of a point-source
pollutant and one example of a
nonpoint-source pollutant in
North Carolina.

€D Describe two sources of human-caused
air pollution and describe what can be
done to reduce the air pollution each
creates.

€ What do the primary and secondary
air quality standards protect?

@ How is air quality information com-
municated to the public? Why is this
information important to the public?

¢I) Concept Mapping Use the following
terms to create a concept map: meso-
sphere, stratosphere, layers, temperature,
troposphere, and atmosphere.

€D Identifying Relationships What is the
relationship between the greenhouse
effect and global warming?

¢ Applying Concepts How does acid pre-
cipitation affect plants, animals, and
humans? What can be done to reduce
acid precipitation?

Copyright © by Holt, Rinehart and Winston. All rights reserved.

€Y Making Inferences The atmosphere of
Venus has a very high level of carbon
dioxide. How might this fact influence
the greenhouse effect on Venus?

INTERPRETING GRAPHICS

90°N

Polar
easterlies
60°N = -

Prevailing
westerlies

Use the diagram above to answer the
questions that follow. When answering
the questions that follow, assume that
ocean currents do not affect the path of
the boats.

) If Boat A traveled to 50°N, from
which direction would the prevailing
winds blow?

€ If Boat B sailed with the prevailing
westerlies in the Northern Hemi-
sphere, in which direction would the
boat be traveling?

Chapter Review
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EOG Prep

Read each of the passages below. Then, answer the questions

that follow each passage.

Passage 1 An important part of the EPA’s Acid
Rain Program is the allowance trading system,
which is designed to reduce sulfur dioxide emis-
sions. In this system, 1 ton of sulfur dioxide (SO,)
emission is equivalent to one allowance. A lim-
ited number of allowances are allocated for each
year. Companies purchase the allowances from
the EPA and are allowed to produce as many
tons of SO, as they have allowances for the year.
Companies can buy, sell, or trade allowances, but
if they exceed their allowances, they must pay a
fine. The system allows a company to determine
the most cost-effective ways to comply with
the Clean Air Act. A company can reduce emis-
sions by using technology that conserves energy,
using renewable energy sources, or updating its
pollution-control devices and using low-sulfur
fuels.

1. According to the passage, which of the
following methods can a company use to
reduce emissions?

A preserving wildlife habitat

B lobbying Congress

C using high-sulfur fuels

D using technology that conserves energy

2. In the passage, what does allowance mean?
F an allotment for a pollutant

G an allocation of money for reducing
pollution

H an alleviation of pollution
I an allegation of pollution
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Passage 2 The chinook, or “snow eater,” is a
dry wind that blows down the eastern side of
the Rocky Mountains from New Mexico to Alaska.
Arapaho Indians gave the chinook its name
because of its ability to melt large amounts of
snow very quickly. Chinooks form when moist
air is forced over a mountain range. The air cools
as it rises. As the air cools, it releases moisture
by raining or snowing. As the dry air flows over
the mountaintop, it compresses and heats the air
below. The warm, dry wind that results is worthy
of the name “snow eater” because it melts a half
meter of snow in a few hours! The temperature
change caused when a chinook rushes down
a mountainside can also be dramatic. In 1943
in Spearfish, South Dakota, the temperature at
7:30 in the morning was —4°F. But two minutes
later, a chinook caused the temperature to soar
49° to 45°F.

1. Which of the following descriptions best
explains why the chinook is called “the snow
eater”?

A The chinook is so cold that it prevents the
formation of snow in the atmosphere.

B The chinook is so warm that it prevents the
formation of snow in the atmosphere.

C The chinook is a warm wind that has high
humidity.

D The chinook is a warm wind that has low
humidity.

2. According to the passage, at what time did the
temperature reach 45°F in Spearfish, South
Dakota?

F 7:30 p.Mm.
G 7:32pr.M.
H 7:30 a.m.
1 7:32 aM.
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INTERPRETING GRAPHICS

Use the illustration below to answer the
questions that follow.

Altitude (km)

Lower Pressure Higher

Thermosphere

il ! ]”M W!!! y ".I'I!!HH” I

Temperature

Mesosphere
50
40+

Ozone layer

304\ Stratosphere

Pressure

Troposphere

Lower Temperature Higher

Which of the following statements describes
how temperature changes in the mesosphere?

A Temperature increases as altitude increases.

B Temperature decreases as altitude increases.
C Temperature decreases as pressure increases.

D Temperature does not change as pressure
increases.

In which layers does temperature decrease as
pressure decreases?

F the troposphere and the mesosphere
G the troposphere and the stratosphere
H the ozone layer and the troposphere
1 the ozone layer and the thermosphere

A research balloon took measurements at

23 km, 35 km, 52 km, 73 km, 86 km, 92 km,
101 km, and 110 km. Which measurements
were taken in the mesosphere?

A measurements at 23 km and 35 km

B measurements at 52 km and 73 km

€ measurements at 86 km and 92 km

D measurements at 101 km and 110 km

Copyright © by Holt, Rinehart and Winston. All rights reserved.

m

Read each question below, and choose the
best answer.

1. An airplane is flying at a speed of 500 km/h

when it encounters a jet stream moving in the
same direction at 150 km/h. If the plane flies
with the jet stream, how much farther will the
plane travel in 1.5 h?

A 950 km
B 525 km
C 225 km
D 150 km

. Today’s wind speed was measured at 18 km/h.

What was the wind speed in meters per hour?
F 1.8m/h

G 180 m/h

H 1,800 m/h

I 18,000 m/h

. Rockport received 24.1 cm of rain on Monday,

12.5 cm of rain on Tuesday, and 5.8 cm of
rain on Thursday. The rest of the week, it did
not rain. How much rain did Rockport receive
during the week?

A 18.3 cm

B 36.6 cm

C 424 cm

D 45.7 cm

. A weather station recorded the following

temperatures during a 5 h period: 15°C, 18°C,
13°C, 15°C, and 20°C. What was the average
temperature during this period?

F 14.2°C

G 15.2°C

H 16.2°C

I 20.2°C

. The temperature in Waterford, Virginia,

increased 1.3°C every hour for 5 h. If the
temperature in the morning was —4°C, what
was the temperature 4 h later?

A 2.5°C
B 2.3°C
C 1.3°C
D 1.2°C

Standardized Test Preparation 71
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Science

in Action

Science, Technology,
and Society

The HyperSoar Jet

Imagine traveling from Chicago to Tokyo
in 72 minutes. If the HyperSoar jet becomes
a reality, you may be able to travel to the
other side of the world in less time than it
takes to watch a movie! To accomplish this
amazing feat, the jet would “skip” across
the upper stratosphere. To begin skipping,
the jet would climb above the stratosphere,
turn off its engines, and glide for about
60 km. Then, gravity would pull the jet
down to where the air is denser. The denser
air would cause the jet to soar upward. In
this way, the jet would skip across a layer
of dense air until it was ready to land. Each
2-minute skip would cover about 450 km,
and the HyperSoar would be able to fly at
Mach 10—a speed of 3 km/s!

Math ,A;, vl"y

A trip on the HyperSoar from Chicago to
Tokyo would require about 18 “skips.” Each
skip is 450 km. If the trip is 10,123 km,
how many kilometers will the jet travel
when it is not skipping?

72 Chapter 2 The Atmosphere

Weird Science

Radar Zoology

“For tonight’s forecast, expect a light shower
of mayflies. A wave of warblers will approach
from the south. Tomorrow will be cloudy,
and a band of free-tailed bats will move to
the south in the early evening.” Such a fore-
cast may not make the evening news, but
it is a familiar scenario for radar zoologists.
Radar zoologists use a type of radar called
NEXRAD to track migrating birds, bands of
bats, and swarms of insects. NEXRAD tracks
animals in the atmosphere in the same way
that it tracks storms. The system sends out
a microwave signal. If the signal hits an
object, some of the energy reflects back to
a receiver. NEXRAD has been especially use-
ful to scientists who study bird migration.
Birds tend to migrate at night, when the
atmosphere is more stable, so until now,
nighttime bird migration has been difficult
to observe. NEXRAD has also helped identify
important bird migration routes and critical
stopovers. For example, scientists have dis-
covered that many birds migrate over the
Gulf of Mexico instead of around it.

Social Studies AI-» v

Geography plays an important role in b|rd
migration. Many birds ride the “thermals”
produced by mountain ranges. Find out
what thermals are, and create a map of
bird migration routes over North America.
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Careers
Ellen Paneok

Bush Pilot For Ellen Paneok, understanding weather patterns is a matter of life and
death. As a bush pilot, she flies mail, supplies, and people to remote villages in Alaska
that can be reached only by plane. Bad weather is one of the most serious challenges
Paneok faces. “It’s beautiful up here,” she says, “but it can also be harsh.” One danger-
ous situation is landing a plane in mountainous regions. “On top of a mountain you
can't tell which way the wind is blowing,” Paneok says. In this case, she flies in a rect-
angular pattern to determine the wind direction. Landing a plane on the frozen Arctic
Ocean is also dangerous. In white-out conditions, the horizon can’t be seen because
the sky and the ground are the same color. “It’s like flying in a milk bottle full of
milk,” Paneok says. In these conditions, she fills black plastic garbage bags and drops
them from the plane to help guide her landing.

Paneok had to overcome many challenges to
become a pilot. As a child, she lived in seven foster
homes before being placed in an all-girls’ home
at the age of 14. In the girls’ home, she read a
magazine about careers in aviation and decided
then and there that she wanted to become a pilot.
At first, she faced a lot of opposition from people
telling her that she wouldn’t be able to become a
pilot. Now, she encourages young people to pur-
sue their goals. “If you decide you want to go for
it, go for it. There may be obstacles in your way,
but you've just got to find a way to go over them,
get around them, or dig under them,” she says.

Language Arts L\El'l,l’ﬂk

Beryl Markham lived an exciting life as a

bush pilot delivering mail and supplies to

remote areas of Africa. Read about her life

or the life of Bessie Coleman, one of the

most famous African American women in

the history of flying.

e Ellen Paneok is shown at right with
two of her Inupiat passengers.

Check out Current Science®
To learn more about these articles related to this chapter
Science in Action topics, visit by visiting go.hrw.com. Just
go.hrw.com and type in the type in the keyword HZ5CS15.
keyword HZ5ATMF.

Science in Action 73
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About the

Flamingos in the bathroom? This may look like
someone’s idea of a practical joke, but in fact,
it'’s a practical idea! These flamingos reside at
the Miami-Metro Zoo in Florida. They were put
in the bathroom for protection against the in-
credibly dangerous winds of Hurricane Floyd
in September of 1999.
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PREZREADING 2| /1) 72

FOL D ES| Four-Corner Fold

Before you read the chap-

ter, create the FoldNote
entitled “Four-Corner Fold” described in
the Study Skills section of the Appendix.
Label the flaps of the four-corner fold
with “Water in the air,” “Air masses and
fronts,” “Severe weather,” and “Forecast-
ing the weather” Write

what you know about
each topic under the
appropriate flap. As
you read the chapter,
add other information

that you learn.
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START:UPY 341 /1172
Meeting of the Masses

In this activity, you will model what happens when
two air masses that have different temperature
characteristics meet.

Procedure

1. Pour 500 mL of water into a beaker. Pour
500 mL of cooking oil into a second beaker. The
water represents a dense cold air mass. The cook-
ing oil represents a less dense warm air mass.

2. Predict what would happen to the two liquids if
you tried to mix them.

3. Pour the contents of both beakers into a clear,
plastic, rectangular container at the same time
from opposite ends of the container.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

4. Observe the interaction of the oil and water.

Analysis
1. What happens when the liquids meet?

2. Does the prediction that you made in step 2 of
the Procedure match your results?

3. Using your results, hypothesize what would hap-
pen if a cold air mass met a warm air mass.
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READING WARM-UP

Objectives

@ Explain how water moves through
the water cycle.

@® Describe how relative humidity is
affected by temperature and levels
of water vapor.

@ Describe the relationship between
dew point and condensation.

@ List three types of cloud forms.
@ Identify four kinds of precipitation.

Terms to Learn

weather cloud
humidity precipitation
relative humidity
condensation

READING STRATEGY

Water in the Air

What will the weather be this weekend? Depending on what
you have planned, knowing the answer to this question
could be important. A picnic in the rain can be a mess!

Have you ever wondered what weather is? Weather is the
condition of the atmosphere at a certain time and place. The
condition of the atmosphere is affected by the amount of water
in the air. So, to understand weather, you need to understand
how water cycles through Earth’s atmosphere.

The Water Cycle

Water in liquid, solid, and gaseous states is constantly being
recycled through the water cycle. The water cycle is the continu-
ous movement of water from sources on Earth’s surface—such
as lakes, oceans, and plants—into the air, onto and over land,
into the ground, and back to the surface. The movement of
water through the water cycle is shown in Figure 1.

' [l N /@ What is the water cycle? (See the Appendix for

answers to Reading Checks.)

@ TI3P The Water Cycle

Paired Summarizing Read this section
silently. In pairs, take turns summariz-

ing the material. Stop to discuss ideas -
that seem confusing. |

Condensation occurs when
water vapor cools and changes
from a gas to a liquid. Clouds
form by this process.

- snow, sleet, or hail falls from

Evaporation occurs when % the clouds onto Earth’s surface.

liquid water changes into
water vapor, which is a gas.

Runoff is water, usually
from precipitation, that
flows across land and

collects in rivers, streams,
and eventually the ocean.

76 Chapter 3
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Amount of Water Vapor Air Can Hold at Various Temperatures
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As water evaporates from lakes, oceans, and plants, it becomes
water vapor, or moisture in the air. Water vapor is invisible.
The amount of water vapor in the air is called humidity. As
water evaporates and becomes water vapor, the humidity of
the air increases. The air’s ability to hold water vapor changes
as the temperature of the air changes. Figure 2 shows that as
the temperature of the air increases, the air’s ability to hold
water vapor also increases.

Relative Humidity

One way to express humidity is through relative humid-
ity. Relative humidity is the amount of water vapor in the air
compared with the maximum amount of water vapor that the
air can hold at a certain temperature. So, relative humidity is
given as a percentage. When air holds all of the water that it
can at a given temperature, it is said to be saturated. Saturated
air has a relative humidity of 100%. But how do you find the
relative humidity of air that is not saturated? If you know the
maximum amount of water vapor that air can hold at a given
temperature and the actual amount of water vapor in the air,
you can calculate the relative humidity.

Suppose that 1 m® of air at a certain temperature can hold
24 g of water vapor. However, you know that the air actually
contains 18 g of water vapor. You can calculate the relative
humidity by using the following formula:

actual water vapor content (g/m?)
saturation water vapor content (g/m?)

18 g/m®

24 gm = %

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Section 1

Figure 2 This graph shows that
as air gets warmer, the amount of
water vapor that the air can hold
increases.

weather the short-term state of the
atmosphere, including temperature,
humidity, precipitation, wind, and
visibility

humidity the amount of water
vapor in the air

relative humidity the ratio of the
amount of water vapor in the air to
the maximum amount of water vapor
the air can hold at a set temperature

A Tiy Dratiie

" Relative Humidity

Assume that 1 m® of air at
25°C contains 11 g of water
vapor. At this temperature,
the air can hold 24 g/m’* of
water vapor. Calculate the
relative humidity of the air.

X 100 = relative humidity (%)

Water in the Air 77
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“For another activity related
to this chapter, go to

go.hrw.com and type in the

keyword HZ5WEAW.

Factors Affecting Relative Humidity

Two factors that affect relative humidity are amount of water
vapor and temperature. At constant temperature and pressure,
as the amount of water vapor in air changes, the relative humid-
ity changes. The more water vapor there is in the air, the higher
the relative humidity is. If the amount of water vapor in the
air stays the same but the temperature changes, the relative
humidity changes. The relative humidity decreases as the tem-
perature rises and increases as the temperature drops.

Measuring Relative Humidity

A psychrometer (sie KRAHM uht uhr) is an instrument that is
used to measure relative humidity. A psychrometer consists of
two thermometers, one of which is a wet-bulb thermometer.
The bulb of a wet-bulb thermometer is covered with a damp
cloth. The other thermometer is a dry-bulb thermometer.
The difference in temperature readings between the ther-
mometers indicates the amount of water vapor in the air. The
larger the difference between the two readings is, the less water
vapor the air contains and thus the lower the humidity is.
Figure 3 shows how to use a table of differences between wet-
bulb and dry-bulb readings to determine relative humidity.

WAZTITTLITId What tool is used to measure relative
humidity?

@ ’TX) Determining Relative Humidity

Find the relative humidity by
locating the column head

78

that is equal to the difference
between the wet-bulb and
dry-bulb readings. Then, locate
the row head that equals the
temperature reading on

the dry-bulb thermometer. The
value that lies where the col-
umn and row intersect equals
the relative humidity. You can
see a psychrometer below.

Chapter 3

Dry-bulb Difference between wet-bulb reading
reading (°C) and dry-bulb reading (°C)
1 2 3 4 5 6 7 8

0 81 64 (46 | 29 | 13

2 84 |68 |52 |37 |22 7

4 85 | 71 57 |43 | 29 16

6 86 |73 |60 |48 | 35 24 | 11

8 87 |75 | 63 |51 | 40 29 | 19 8
88 |77 |66 |55 |44 34 |24 |15
89 |78 | 68 | 58 | 48 39 | 29 | 21
90 |79 |70 | 60 | 51 42 | 34 | 26
90 |81 |71 63 | 54 46 | 38 | 30
91 82 |73 | 65 |57 49 | 41 34
91 |83 |74 | 66 |59 51 | 44 | 37
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How a Wet-Bulb Thermometer Works . =

A wet-bulb thermometer works differently than a dry-bulb
thermometer, which measures only air temperature. As air
passes over the wet-bulb thermometer, the water in the cloth
evaporates. As the water evaporates, the cloth cools. If the
humidity is low, the water will evaporate more quickly and
the temperature reading on the wet-bulb thermometer will
drop. If the humidity is high, only a small amount of water
will evaporate from the cloth of the wet-bulb thermometer
and the change in temperature will be small.

WLTITTTELTTZA Explain how a wet-bulb thermometer works.

Condensation

You have probably seen water droplets form on the outside of a
glass of ice water, as shown in Figure 4. Where did those water
drops come from? The water came from the surrounding air,
and droplets formed as a result of condensation. Condensation
is the process by which a gas, such as water vapor, becomes a

> . ) Figure 4 Condensation occurred
liquid. Before condensation can occur, the air must be saturated, when the air next to the glass

which means that the air must have a relative humidity of cooled to its dew point.
100%. Condensation occurs when saturated air cools.

Dew Point

Air can become saturated when water vapor is added to the

air through evaporation. Air can also become saturated when condensation the change of state
it cools to its dew point. The dew point is the temperature at ~ from a gas to a liquid

which a gas condenses into a liquid. At its dew point, air is
saturated. The ice in the glass of water causes the air surround-
ing the glass to cool to its dew point.

Before water vapor can condense, though, it must have a
surface to condense on. In the case of the glass of ice water,
water vapor condenses on the outside of the glass.

Quick g,

x>

Out of Thin Air

1. Pour room-temperature water into a plastic container, such as a
drinking cup, until the water level is near the top of the cup.

. Observe the outside of the container, and record your observations.
. Add one or two ice cubes to the container of water.

. Watch the outside of the container for any changes.

. What happened to the outside of the container?

. What is the liquid on the container?

. Where did the liquid come from? Explain your answer.

NV R WUN
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@ TX) Three Forms of Clouds

Cumulus clouds look like piles
of cotton balls.

cloud a collection of small water
droplets or ice crystals suspended in
the air, which forms when the air is
cooled and condensation occurs

CONNECTION TO gy |-
Language/Ants g

Cloud Clues Did you know
that the name of a cloud actu-
ally describes the characteris-
tics of the cloud? For example,
the word cumulus comes

from the Latin word meaning
“heap.” A cumulus cloud is a
puffy, white cloud, which could
be described as a “heap” of
clouds. Use a dictionary or the
Internet to find the word ori-
gins of the names of the other
cloud types you learn about in
this section.

_

80 Chapter 3

Cirrus clouds are made of ice
crystals.

Stratus clouds are not as tall as
cumulus clouds, but they cover
more area.

Clouds

Have you ever wondered what clouds are and how they form?
A cloud is a collection of millions of tiny water droplets or ice
crystals. Clouds form as warm air rises and cools. As the rising
air cools, it becomes saturated. When the air is saturated, the
water vapor changes to a liquid or a solid, depending on the
air temperature. At temperatures above freezing, water vapor
condenses on small particles in the air and forms tiny water
droplets. At temperatures below freezing, water vapor changes
to a solid to form ice crystals. Clouds are classified by form,
as shown in Figure 5, and by altitude.

Cumulus Clouds

Puffy, white clouds that tend to have flat bottoms are called
cumulus clouds (KYOO myoo luhs KLOWDZ). Cumulus clouds
form when warm air rises. These clouds generally indicate fair
weather. However, when these clouds get larger, they produce
thunderstorms. Thunderstorms come from a kind of cumulus
cloud called a cumulonimbus cloud (kYoo myoo loh NIM buhs
KLOWD). Clouds that have names that include -nimbus or
nimbo- are likely to produce precipitation.

Stratus Clouds

Clouds called stratus clouds (STRAYT uhs KLOWDZ) are clouds
that form in layers. Stratus clouds cover large areas of the sky
and often block out the sun. These clouds can be caused by
a gentle lifting of a large body of air into the atmosphere.
Nimbostratus clouds (NIM boh STRAYT uhs KLOWDZ) are dark
stratus clouds that usually produce light to heavy, continuous
rain. Fog is a stratus cloud that has formed near the ground.

Understanding Weather
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Cirrus Clouds

As you can see in Figure 5, cirrus clouds (SIR uhs KLOWDZ)
are thin, feathery, white clouds found at high altitudes. Cirrus
clouds form when the wind is strong. If they get thicker, cirrus
clouds indicate that a change in the weather is coming.

Clouds and Altitude

Clouds are also classified by the altitude at which they form.
Figure 6 shows two altitude groups used to describe clouds and
the altitudes at which they form in the middle latitudes. The
prefix cirro- is used to describe clouds that form at high altitudes.
For example, a cumulus cloud that forms high in the atmo-
sphere is called a cirrocumulus cloud. The prefix alto- describes
clouds that form at middle altitudes. Clouds that form at low
altitudes do not have a specific prefix to describe them.

WLATITTTELTTZA At what altitude does an altostratus cloud
form?

Cloud Types Based on Form and Altitude

High Clouds Because 8,000 m  Cirrocumulus
of the cold temperatures
at high altitude, high
clouds are made up of
ice crystals. The prefix
cirro- is used to describe
high clouds.

Cirro

6,000 m

Altostratus

Middle Clouds Middle
clouds can be made up
of both water drops and
ice crystals. The prefix
alto- is used to describe
middle clouds.

Low Clouds Low
clouds are made up of - —
water drops. There is no
specific prefix used to
describe low clouds.

Copyright © by Holt, Rinehart and Winston. All rights reserved.
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Figure 7 Snowflakes are six-
sided ice crystals that can be
several millimeters to several
centimeters in size.

precipitation any form of water
that falls to the Earth’s surface from
the clouds

Figure 8 The impact of
large hailstones can damage
property and crops. The inset
photograph shows layers
inside of a hailstone, which
reveal how it formed.

Precipitation

When water from the air returns to Earth’s surface, it returns
as precipitation. Precipitation is water, in solid or liquid form,
that falls from the air to Earth. There are four major forms of
precipitation—rain, snow, sleet, and hail.

Rain

The most common form of precipitation is rain. A cloud pro-
duces rain when the water drops in the cloud become large
enough to fall. A water drop in a cloud begins as a droplet
that is smaller than the period at the end of this sentence.
Before such a water drop falls as rain, it must become about
100 times its original size.

Sleet and Snow

Sleet forms when rain falls through a layer of freezing air.
The rain freezes in the air, which produces falling ice. Snow
forms when temperatures are so cold that water vapor changes
directly to a solid. Snow can fall as single ice crystals or can
join to form snowflakes, as shown in Figure 7.

Hail

Balls or lumps of ice that fall from clouds are called hail. Hail
forms in cumulonimbus clouds. When updrafts of air in the
clouds carry raindrops high in the clouds, the raindrops freeze
and hail forms. As hail falls, water drops coat it. Another updraft
of air can send the hail up again. Here, the water drops col-
lected on the hail freeze to form another layer of ice on the
hail. This process can happen many times. Eventually, the hail
becomes too heavy to be carried by the updrafts and so falls
to Earth’s surface, as shown in Figure 8.
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SECTION
Review

Summary,

@® Weather is the condition of the atmos-
phere at a certain time and place. Weather
is affected by the amount of water vapor in

@® When the temperature of the air cools to
its dew point, the air has reached satura-
tion and condensation occurs.

the air. @ Clouds form as air cools to its dew point. £
@ The water cycle describes the movement of
water above, on, and below Earth’s

-

Clouds are classified by form and by the &
altitude at which they form. '

surface. @ Precipitation occurs when the water vapor
@® Humidity describes the amount of water that condenses in the atmosphere falls

vapor in the air. Relative humidity is a way back to Earth in solid or liquid form.

to express humidity.

Using Key Terms Interpreting Graphics

1. In your own words, write a definition for each Use the image below to answer the questions that
of the following terms: relative humidity, conden- follow.
sation, cloud, and precipitation.

Understanding Key Ideas
2. Which of the following clouds is most likely
to produce light to heavy, continuous rain?
a. cumulus cloud
b. cumulonimbus cloud
c. nimbostratus cloud
d. cirrus cloud

3. How is relative humidity affected by the amount
of water vapor in the air?

4. What does a relative humidity of 75% mean? 10. What type of cloud is shown in the image?

5. Describe the path of water through the water

11. How is this type of cloud formed?
cycle.

12. What type of weather can you expect when

6. What are four types of precipitation? you see this type of cloud? Explain.

Critical Thinking
7. Applying Concepts Why are some clouds

formed from water droplets, while others are
made up of ice crystals?

8. Applying Concepts How can rain and hail fall
from the same cumulonimbus cloud?

9. Identifying Relationships What happens to
relative humidity as the air temperature drops
below the dew point?
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READING WARM-UP

Objectives

@ Identify the four kinds of air masses
that influence weather in the United
States.

@® Describe the four major types of
fronts.

@ Explain how fronts cause weather
changes.

@ Explain how cyclones and anticy-
clones affect the weather.

Terms to Learn
air mass cyclone
front anticyclone

READING STRATEGY

Reading Organizer As you read this
section, make a table comparing cold,
warm, occluded, and stationary fronts.

Air Masses and Fronts

Have you ever wondered how the weather can change so
quickly? For example, the weather may be warm and sunny
in the morning and cold and rainy by afternoon.

Changes in weather are caused by the movement and inter-
action of air masses. An air mass is a large body of air where
temperature and moisture content are similar throughout. In
this section, you will learn about air masses and their effect
on weather.

Air Masses

Air masses are characterized by their moisture content and
temperature. The moisture content and temperature of an air
mass are determined by the area over which the air mass forms.
These areas are called source regions. An example of a source
region is the Gulf of Mexico. An air mass that forms over the
Gulf of Mexico is warm and wet because this area is warm and
has a lot of water that evaporates. There are many types of air
masses, each of which is associated with a particular source
region. The characteristics of these air masses are represented
on maps by a two-letter symbol, as shown in Figure 1. The
first letter indicates the moisture content that is characteristic
of the air mass. The second letter represents the temperature
that is characteristic of the air mass.

maritime (m)
forms over water;
wet

continental (c)
forms over land;

dry

polar (P)
forms over the
polar regions; cold

tropical (T)
develops over the
Tropics; warm

@ TIAP Air Masses That Affect Weather in North America
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Cold Air Masses

Most of the cold winter weather in the United States is influ-
enced by three polar air masses. A continental polar (cP) air
mass forms over northern Canada, which brings extremely cold
winter weather to the United States. In the summer, a cP air
mass generally brings cool, dry weather.

A maritime polar (mP) air mass that forms over the North
Pacific Ocean is cool and very wet. This air mass brings rain
and snow to the Pacific Coast in the winter and cool, foggy
weather in the summer.

A maritime polar air mass that forms over the North Atlantic
Ocean brings cool, cloudy weather and precipitation to New
England in the winter, as shown in Figure 2. In the summer,
the air mass brings cool weather and fog.

Warm Air Masses

Four warm air masses influence the weather in the
United States. A maritime tropical (mT) air mass that
develops over warm areas in the Pacific Ocean is
milder than the maritime polar air mass that forms
over the Pacific Ocean.

Other maritime tropical air masses develop over
the warm waters of the Gulf of Mexico and the
Atlantic Ocean. These air masses move north across
the East Coast and into the Midwest. In the summer,
they bring hot and humid weather, hurricanes, and
thunderstorms, as shown in Figure 3. In the winter,
they bring mild, often cloudy weather.

A continental tropical (cT) air mass forms over
the deserts of northern Mexico and the southwestern
United States. This air mass moves northward and
brings clear, dry, and hot weather in the summer.

WALZTITTITZ] What type of air mass contributes

to the hot and humid summer weather in the midwest-
ern United States? (See the Appendix for answers to Reading
Checks.)

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Figure 2 Cold air masses
that form over the North
Atlantic Ocean can bring
severe weather, such as
blizzards, in the winter.

air mass a large body of air where
temperature and moisture content
are constant throughout

Figure 3 Warm air masses that
develop over the Gulf of Mexico
bring thunderstorms in the
summer.




Fronts That Affect Weather in North America

Cold Front Warm Front

Warm air mass

Fronts

Air masses that form from different areas often do not mix.
The reason is that the air masses have different densities. For
example, warm air is less dense than cold air. So, when two
types of air masses meet, warm air generally rises. The area in

front the boundary between air which two types of air masses meet is called a front. The four

masses of different densities and kinds of fronts—cold fronts, warm fronts, occluded fronts, and

usually different temperatures . R .
stationary fronts—are shown in Figure 4. Fronts are associated
with weather in the middle latitudes.

Cold Front

A cold front forms where cold air moves under warm air,
which is less dense, and pushes the warm air up. Cold fronts
can move quickly and bring thunderstorms, heavy rain, or
snow. Cooler weather usually follows a cold front because the
air mass behind the cold front is cooler and drier than the air
mass that it is replacing.

Warm Front

A warm front forms where warm air moves over cold, denser
air. In a warm front, the warm air gradually replaces the cold
air. Warm fronts generally bring drizzly rain and are followed
by clear and warm weather.

86 Chapter 3 Understanding Weather
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Occluded Front Stationary Front

Warm air mass

e HHe

Occluded Front

An occluded front forms when a warm air mass is caught
between two colder air masses. The coldest air mass moves
under and pushes up the warm air mass. The coldest air
mass then moves forward until it meets a cold air mass that
is warmer and less dense. The colder of these two air masses
moves under and pushes up the warmer air mass. Sometimes,
though, the two colder air masses mix. An occluded front has
cool temperatures and large amounts of rain and snow.

Reading (¢,[:7//d What type of weather would you expect an

occluded front to produce?

Stationary Front

A stationary front forms when a cold air mass meets a warm
air mass. In this case, however, both air masses do not have
enough force to lift the warm air mass over the cold air mass.
So, the two air masses remain separated. This may happen
because there is not enough wind to keep the air masses push-
ing against each other. A stationary front often brings many
days of cloudy, wet weather.

Section 2 Air Masses and Fronts 87
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Figure 5 This satellite
image shows a cyclone
system forming.

cyclone an area in the atmosphere
that has lower pressure than the sur-
rounding areas and has winds that
spiral toward the center

anticyclone the rotation of air
around a high-pressure center in the
direction opposite to Earth’s rotation

Figure 6 As the colder, denser
air spirals out of the anticyclone,
it moves towards areas of low
pressure, which sometimes forms
a cyclone.

88 Chapter 3

Air Pressure and Weather

You may have heard a weather reporter on TV or radio talking
about areas of low pressure and high pressure. These areas of
different pressure affect the weather.

Cyclones

Areas that have lower pressure than the surrounding areas do
are called cyclones. Cyclones are areas where air masses come
together, or converge, and rise. Figure 5 shows a satellite image
of the formation of a cyclone system.

Anticyclones

Areas that have high pressure are called anticyclones. Anti-
cyclones are areas where air moves apart, or diverges, and
sinks. The sinking air is denser than the surrounding air, and
the pressure is higher. Cooler, denser air moves out of the
center of these high-pressure areas toward areas of lower pres-
sure. Figure 6 shows how wind can spiral out of an anticyclone
and into a cyclone.

r
||Il'::
High |
- pressure pres ure‘
Anticyclone Cyclone

Understanding Weather

Copyright © by Holt, Rinehart and Winston. All rights reserved.



Cyclones, Anticyclones, and Weather

CONNECTION TO! .. ©

You have learned what cyclones and anticyclones are. So, now Astronomy 3
you might be wondering how do cyclones and anticyclones Storms on Jupiter Cyclones
affect the weather? As the air in the center of a cyclone rises, and anticyclones occur on Jupi-
it cools and forms clouds and rain. The rising air in a cyclone ter, too! Generally, cyclones on
causes stormy weather. In an anticyclone, the air sinks. As the Jupiter appear as dark ovals,
o . . - . and anticyclones appear as

air sinks, it gets warmer and absorbs moisture. The sinking air brich o
‘ ] ) . right ovals. Jupiter's Great Red
in an anticyclone brings dry, clear weather. By keeping track Spot is an anticyclone that has
of cyclones and anticyclones, meteorologists can predict the existed for centuries. Research
weather. the existence of cyclones and

- anticyclones on other bodies in
' Describe the different types of weather that a our solar system.

cyclone and an anticyclone can produce.

SECTION _ _
Using Key Terms Math_Skills

o
RE\" ew For each pair of terms, explain how 10. A cold front is moving toward

Summary,

@ Air masses are charac-
terized by moisture con-
tent and temperature.

@® A front occurs where
two air masses meet.

@ Four major types of
fronts are cold, warm,
occluded, and stationary
fronts.

@ Differences in air pres-
sure cause cyclones,
which bring stormy
weather, and anti-
cyclones, which bring
dry, clear weather.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

the meanings of the terms differ.
1. front and air mass

2. cyclone and anticyclone

Understanding Key Ideas

3. What kind of front forms when
a cold air mass displaces a warm
air mass?

a. a cold front
b. a warm front
c. an occluded front
d. a stationary front
4. What are the major air masses

that influence the weather in
the United States?

5. What is one source region of a
maritime polar air mass?

6. What are the characteristics of
an air mass whose two-letter
symbol is cP?

7. What are the four major types of
fronts?

8. How do fronts cause weather
changes?

9. How do cyclones and anti-
cyclones affect the weather?

the town of La Porte at 35 km/h.
The front is 200 km away from
La Porte. How long will it take
the front to get to La Porte?

Critical Thinking

11. Applying Concepts How do air
masses that form over the land
and ocean affect weather in the
United States?

12. Identifying Relationships Why
does the Pacific Coast have cool,
wet winters and warm, dry sum-
mers? Explain.

13. Applying Concepts Which air
masses influence the weather
where you live? Explain.
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Severe Weather

CRAAAACK! BOOM! What made that noise? You didn’t
expect it, and it sure made you jump.

- A big boom of thunder has probably surprised you at one
READING WARM-UP time or another. And the thunder was probably followed by a

Objectives thunderstorm. A thunderstorm is an example of severe weather.
@ Describe how lightning forms. Severe weather is weather that can cause property damage and
@® Describe the formation of thunder- sometimes death.

storms, tornadoes, and hurricanes.
@ Describe the characteristics of Thunderstorms

thunderstorms, tornadoes, and

hurricanes. Thunderstorms can be very loud and powerful. Thunderstorms,
@ Explain how to stay safe during such as the one shown in Figure 1, are small, intense weather

severe weather. systems that produce strong winds, heavy rain, lightning,

and thunder. Thunderstorms can occur along cold fronts. But
thunderstorms can develop in other places, too. There are

Terms to Learn
thunderstorm tornado

lightning hurricane only two atmospheric conditions required to produce thun-
thunder derstorms: warm and moist air near Earth’s surface and an

unstable atmosphere. The atmosphere is unstable when the
surrounding air is colder than the rising air mass. The air mass

. . . will continue to rise as long as the surrounding air is colder
Reading Organizer As you read this

section, create an outline of the section. than the air mass.
Use the headings from the section in When the rising warm air reaches its dew point, the water

your outline. vapor in the air condenses and forms cumulus clouds. If the
atmosphere is extremely unstable, the warm air will continue to
rise, which causes the cloud to grow into a dark, cumulonim-
thunderstorm a usually brief, bus cloud. Cumulonimbus clouds can reach heights of more

heavy storm that consists of rain, than 15 km.
strong winds, lightning, and thunder

Figure 1 A typical
thunderstorm, such as
this one over Dallas,
Texas, generates an
enormous amount of
electrical energy.

20 Chapter 3
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Lightning

Thunderstorms are very active electrically. Lightning is an electric
discharge that occurs between a positively charged area and a
negatively charged area, as shown in Figure 2. Lightning can
happen between two clouds, between Earth and a cloud, or even
between two parts of the same cloud. Have you ever touched
someone after scuffing your feet on the carpet and received a
mild shock? If so, you have experienced how lightning forms.
While you walk around, friction between the floor and your
shoes builds up an electric charge in your body. When you
touch someone else, the charge is released.

When lightning strikes, energy is released. This energy is
transferred to the air and causes the air to expand rapidly and
send out sound waves. Thunder is the sound that results from
the rapid expansion of air along the lightning strike.

Severe Thunderstorms

Severe thunderstorms can produce one or more of the follow-
ing conditions: high winds, hail, flash floods, and tornadoes.
Hailstorms damage crops, dent the metal on cars, and break
windows. Flash flooding that results from heavy rains causes
millions of dollars in property damage annually. And every year,
flash flooding is a leading cause of weather-related deaths.
Lightning, as shown in Figure 3, happens during all thun-
derstorms and is very powerful. Lightning is responsible for
starting thousands of forest fires each year and for killing or
injuring hundreds of people a year in the United States.

' ([ J N 19 @ What is a severe thunderstorm? (See the Appendix

for answers to Reading Checks.)

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Figure 2 The upper part of a
cloud usually carries a positive
electric charge, while the lower
part of the cloud carries mainly
negative charges.

lightning an electric discharge that
takes place between two oppositely
charged surfaces, such as between a
cloud and the ground, between two
clouds, or between two parts of the
same cloud

thunder the sound caused by the
rapid expansion of air along an elec-
trical strike

Figure 3 Lightning often strikes
the tallest object in an area, such
as the Eiffel Tower in Paris, France.
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Tornadoes

Tornadoes happen in only 1% of all thunderstorms. A
tornado a destructive, rotating col- tornado is a small, spinning column of air that has high wind
Um“d"f air t‘h'all:tl has "ef'Y h'gr "i‘]"“dd speeds and low central pressure and that touches the ground.
speeds, 1S VISIDT® as a TUnner-shape A tornado starts out as a funnel cloud that pokes through the
cloud, and touches the ground 3 ) ¢

bottom of a cumulonimbus cloud and hangs in the air. The

funnel cloud becomes a tornado when it makes contact with

Earth’s surface. Figure 4 shows how a tornado forms.

How a Tornado Forms

@ Wind moving in two directions causes a layer @ The spinning column of air is turned to a ver-
of air in the middle to begin to spin like a roll tical position by strong updrafts of air in the
of toilet paper. cumulonimbus cloud. The updrafts of air also

begin to spin.

© The spinning column of air moves to the bot- @ The funnel cloud becomes a tornado when it
tom of the cumulonimbus cloud and forms a touches the ground.
funnel cloud.

92 Chapter 3 Understanding Weather
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Twists of Terror

About 75% of the world’s tornadoes occur in the United States.
Most of these tornadoes happen in the spring and early sum-
mer when cold, dry air from Canada meets warm, moist air
from the Tropics. The size of a tornado’s path of destruction
is usually about 8 km long and 10 to 60 m wide. Although
most tornadoes last only a few minutes, they can cause a lot
of damage. Their ability to cause damage is due to their strong
spinning winds. The average tornado has wind speeds between
120 and 180 km/h, but rarer, more violent tornadoes can have
spinning winds of up to 500 km/h. The winds of tornadoes
have been known to uproot trees and destroy buildings, as
shown in Figure 5. Tornadoes are capable of picking up heavy
objects, such as mobile homes and cars, and hurling them
through the air.

Hurricanes

A large, rotating tropical weather system that
has wind speeds of at least 120 km/h is called a
hurricane, shown in Figure 6. Hurricanes are the
most powerful storms on Earth. Hurricanes have
different names in different parts of the world. In
the western Pacific Ocean, hurricanes are called
typhoons. Hurricanes that form over the Indian
Ocean are called cyclones.

Most hurricanes form in the areas between
5° and 20° north latitude and between 5° and
20° south latitude over warm, tropical oceans. At
higher latitudes, the water is too cold for hurri-
canes to form. Hurricanes vary in size from 160 to
1,500 km in diameter and can travel for thousands
of kilometers.

WALZTITET.d What are some other names for
hurricanes?

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Figure 5 The tornado
that hit Kissimmee, Florida,
in 1998 had wind speeds
of up to 416 km/h.

hurricane a severe storm that
develops over tropical oceans and
whose strong winds of more than
120 km/h spiral in toward the
intensely low-pressure storm center

Figure 6 This photograph of Hurricane Fran
was taken from space.

Section 3 Severe Weather 93



How a Hurricane Forms

A hurricane begins as a group of thunderstorms
moving over tropical ocean waters. Winds travel-
ing in two different directions meet and cause
the storm to spin. Because of the Coriolis effect,
the storm turns counterclockwise in the North-
ern Hemisphere and clockwise in the Southern
Hemisphere.

A hurricane gets its energy from the conden-
sation of water vapor. Once formed, the hur-
ricane is fueled through contact with the warm
ocean water. Moisture is added to the warm air
by evaporation from the ocean. As the warm,
moist air rises, the water vapor condenses and
releases large amounts of energy. The hurricane
continues to grow as long as it is over its source
of warm, moist air. When the hurricane moves
into colder waters or over land, it begins to die
because it has lost its source of energy. Figure 7
and Figure 8 show two views of a hurricane.

' [l 1N Eld d Where do hurricanes get their

Figure 7 The photo above gives you energy?
a bird’s-eye view of a hurricane.

‘ Cross Section of a Hurricane

Surrounding the eye is the eye At the center of the hur- Beyond the eye wall, spiraling
wall—a group of cumulonimbus ricane is the eye—a core bands of clouds called rain
clouds that produce heavy rains of warm, relatively calm bands circle the center of
and strong winds. The winds air with low pressure the hurricane. The rain bands
can reach speeds of 300 km/h. and light winds. produce heavy rains and high
The eye wall is the strongest winds. Within this area of
part of the hurricane. the hurricane, wind speed
Updraft decreases as the distance
[T from the eye wall increases.
+ -
’_ Downdraft

24 Chapter 3 Understanding Weather
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Damage Caused by Hurricanes

Hurricanes can cause a lot of damage when they move near
or onto land. Wind speeds of most hurricanes range from
120 to 150 km/h. Some can reach speeds as high as 300 km/h.
Hurricane winds can knock down trees and telephone poles
and can damage and destroy buildings and homes.

While high winds cause a great deal of damage, most hur-
ricane damage is caused by flooding associated with heavy
rains and storm surges. A storm surge is a wall of water that
builds up over the ocean because of the strong winds and low
atmospheric pressure. The wall of water gets bigger as it nears
the shore, and it reaches its greatest height when it crashes
onto the shore. Depending on the hurricane’s strength, a storm
surge can be 1 to 8 m high and 65 to 160 km long. Flooding
causes tremendous damage to property and lives when a storm
surge moves onto shore, as shown in Figure 9.

Severe Weather Safety

Severe weather can be very dangerous, so it is important to
keep yourself safe. One way to stay safe is to turn on the radio
or TV during a storm. Your local radio and TV stations will
let you know if a storm has gotten worse.

Thunderstorm Safety

Lightning is one of the most dangerous parts of a thunderstorm.
Lightning is attracted to tall objects. If you are outside, stay
away from trees, which can get struck down. If you are in the
open, crouch down. Otherwise, you will be the tallest object in
the area! Stay away from bodies of water. If lightning hits water
while you are in it, you could be hurt or could even die.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Figure 9 A hurricane’s
storm surge can cause
severe damage to homes
near the shoreline.

A

Natural Disaster Plan
I'TIrTd  Every family
SKILL should have a
plan to deal with weather
emergencies. With a parent,
discuss what your family
should do in the event of
severe weather. Together,
write up a plan for your
family to follow in case of a
natural disaster. Also, make
a disaster supply kit that
includes enough food and
water to last several days.

peTiViTy
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Figure 10 During a tornado
warning, it is best to protect
yourself by crouching against a
wall and covering the back of
your head and neck with your
hands or a book.

Figure 11 These store owners
are boarding up their windows to
protect the windows from strong
winds during a hurricane.

Tornado Safety

Weather forecasters use watches and warnings to let people
know about tornadoes. A watch is a weather alert that lets
people know that a tornado may happen. A warning is a weather
alert that lets people know that a tornado has been spotted.
If there is a tornado warning for your area, find shelter
quickly. The best place to go is a basement or cellar. Or you can
go to a windowless room in the center of the building, such
as a bathroom, closet, or hallway, as Figure 10 shows. If you
are outside, lie down in a large, open field or a deep ditch.

Flood Safety

An area can get so much rain that it begins to flood. So, like
tornadoes, floods have watches and warnings. However, little
warning can usually be given. A flash flood is a flood that rises
and falls very suddenly. The best thing to do during a flood is
to find a high place to wait out the flood. You should always
stay out of floodwaters. Even shallow water can be dangerous
if it is moving fast.

Hurricane Safety

If a hurricane is in your area, your local
TV or radio station will keep you updated
on its condition. People living on the
shore may be asked to evacuate the area.
If you live in an area where hurricanes
strike, your family should have a disas-
ter supply kit that includes enough water
and food to last several days. To protect
the windows in your home, you should
cover them with plywood, as shown in
Figure 11. Most important, you must stay
indoors during the storm.
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SECTION

Review

@ Thunderstorms are intense weather sys-
tems that produce strong winds, heavy
rain, lightning, and thunder.

@ Lightning is a large electric discharge that
occurs between two oppositely charged
surfaces. Lightning releases a great deal of
energy and can be very dangerous.

@ Tornadoes are small, rotating columns of
air that touch the ground and can cause
severe damage.

Using Key Terms

Complete each of the following sentences by

choosing the correct term from the word bank.
hurricane
tornado

storm surge
lightning

1. Thunderstorms are very active electrically and

often cause .

2. A ___ forms when a funnel cloud pokes

through the bottom of a cumulonimbus cloud

and makes contact with the ground.

Understanding Key Ideas

3. The safest thing to do if you are caught out-

doors during a tornado is to

a. stay near buildings and roads.
b. head for an open area.

c. seek shelter near a large tree.
d. None of the above

4. Describe how tornadoes form.

@ A hurricane is a large, rotating tropical
weather system. Hurricanes cause strong
winds and can cause severe property
damage.

@ In the event of severe weather, it is impor-
tant to stay safe. Listening to your local TV
or radio station for updates and remaining
indoors and away from windows are good
rules to follow.

Interpreting Graphics

Use the diagram below to answer the questions
that follow.

9. Describe what is happening at point C.
10. What is point B?

11. What kind of weather can you expect at
point A?

5. At what latitudes do hurricanes usually form?

6. What is lightning? What happens when light-

ning strikes?

Critical Thinking

7. Applying Concepts What items do you think

you would need in a disaster kit? Explain.

8. Identifying Relationships What happens to a

hurricane as it moves over land? Explain.
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READING WARM-UP

Objectives

@ Describe the different types of
instruments used to take weather
measurements.

@® Explain how radar and weather
satellites help meteorologists
forecast the weather.

@ Explain how to interpret a
weather map.

Terms to Learn
thermometer
barometer
anemometer

READING STRATEGY

Reading Organizer As you read this
section, make a table comparing the
different instruments used to collect
weather data.

Figure 1 Weather
balloons carry radio
transmitters that send
measurements to
stations on the ground.

98

Forecasting the Weather

You watch the weather forecast on the evening news. The
news is good—there’s no rain in sight. But how can the
weather forecasters tell that it won’t rain?

Weather affects how you dress and how you plan your day,
so it is important to get accurate weather forecasts. But where
do weather reporters get their information? And how do they
predict the weather? A weather forecast is a prediction of weather
conditions over the next 3 to 5 days. A meteorologist is a person
who observes and collects data on atmospheric conditions to
make weather predictions. In this section, you will learn how
weather data are collected and shown.

Weather-Forecasting Technology

To accurately forecast the weather, meteorologists need to
measure various atmospheric conditions, such as air pressure,
humidity, precipitation, temperature, wind speed, and wind
direction. Meteorologists use special instruments to collect
data on weather conditions both near and far above Earth’s
surface.

High in the Sky

Weather balloons carry electronic equipment that can measure
weather conditions as high as 30 km above Earth’s surface.
Weather balloons, such as the one in Figure 1, carry equipment
that measures temperature, air pressure, and relative humid-
ity. By tracking the balloons, meteorologists can also measure
wind speed and direction.

WLTITTTELITZA How do meteorologists gather data on atmo-

spheric conditions above Earth’s surface? (See the Appendix for answers
to Reading Check.)




Figure 2 Meteorologists
use these tools to collect

atmospheric data.
h '
2o g-sn

Measuring Air Temperature and Pressure

A tool used to measure air temperature is called a
thermometer. Most thermometers use a liquid sealed
in a narrow glass tube, as shown in Figure 2. When
air temperature increases, the liquid expands and
moves up the glass tube. As air temperature
decreases, the liquid shrinks and moves down
the tube.

A barometer is an instrument used to measure
air pressure. A mercurial barometer consists of a
glass tube that is sealed at one end and placed
in a container full of mercury. As the air pressure
pushes on the mercury inside the container, the
mercury moves up the glass tube. The greater the
air pressure is, the higher the mercury will rise.

‘ Anemometer

Measuring Wind Direction
Wind direction can be measured by using a windsock or a

wind vane. A windsock, shown in Figure 2, is a cone-shaped thermometer an instrument that
cloth bag open at both ends. The wind enters through the measures and indicates temperature
wide end and leaves through the narrow end. Therefore, the barometer an instrument that
wide end points into the wind. A wind vane is shaped like an measures atmospheric pressure
arrow with a large tail and is attached to a pole. As the wind

. . . . anemometer an instrument used
pushes the tail of the wind vane, the wind vane spins on the to measure wind speed

pole until the arrow points into the wind.

Measuring Wind Speed

An instrument used to measure wind speed is called an
anemometer. An anemometer, as shown in Figure 2, consists
of three or four cups connected by spokes to a pole. The wind
pushes on the hollow sides of the cups and causes the cups to
rotate on the pole. The motion sends a weak electric current
that is measured and displayed on a dial.

Section 4 Forecasting the Weather 929
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Figure 3 Using Doppler radar,
meteorologists can predict a
tornado up to 20 minutes before
it touches the ground.

CONNECTION;TOR =%
Biology,
LI Predicting the
SKILL weather Through-
out history, people have pre-
dicted approaching weather
by interpreting natural signs.
Animals and plants are usually
more sensitive to changes in
atmospheric conditions, such
as air pressure, humidity, and
temperature, than humans are.
To find out more about natural
signs, research this topic at the
library or on the Internet. Write
a short paper on your findings
to share with the class.
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Radar and Satellites

Radar is used to find the location, movement, and amount
of precipitation. It can also detect what form of precipitation
a weather system is carrying. You might have seen a kind of
radar called Doppler radar used in a local TV weather report.
Figure 3 shows how Doppler radar is used to track precipita-
tion. Weather satellites that orbit Earth provide the images of
weather systems that you see on TV weather reports. Satellites
can track storms and measure wind speeds, humidity, and tem-
peratures at different altitudes.

Weather Maps

In the United States, the National Weather Service (NWS) and
the National Oceanic and Atmospheric Administration (NOAA)
collect and analyze weather data. The NWS produces weather
maps based on information gathered from about 1,000 weather
stations across the United States. On these maps, each station
is represented by a station model. A station model is a small
circle that shows the location of the weather station. As shown
in Figure 4, surrounding the small circle is a set of symbols
and numbers, which represent the weather data.

A Station Model

Amount of cloud cover
Temperature (°F)

38
Type of
precipitation g 196 Abbreviated
27 version of
Dew point barometric
temperature (°F) pressure in
millibars

Wind

Wind speed direction

100 Chapter 3 Understanding Weather
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Reading a Weather Map

Weather maps that you see on
TV include lines called isobars.
Isobars are lines that connect
points of equal air pressure.
Isobars that form closed circles
represent areas of high or low
pressure. These areas are usu-
ally marked on a map with a
capital H or L. Fronts are also
labeled on weather maps, as
you can see on the weather
map in Figure 5.

==y Cold front
=== Warm front

Isobar

Leg

e LOW pressure trough @ Rain

end '
H High pressure

l_ Low pressure

Fog

SECTION
Review

1.

Summary,

@® Meteorologists use sev-
eral instruments, such as
weather balloons, ther-
mometers, barometers,
anemometers, wind-
socks, weather vanes,
radar, and weather
satellites, to forecast the
weather.

@ station models show the 4.
weather conditions at
various points across
the United States.

@® Weather maps show
areas of high and low
pressure as well as the
location of fronts.

2.

5.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Using Key Terms

In your own words, write a defi-
nition for each of the following
terms: thermometer, barometer,
and anemometer.

Understanding Key Ideas

Which of the following instru-
ments measures air pressure?

a. thermometer
b. barometer
C. anemometer
d. windsock

. How does radar help meteorolo-

gists forecast the weather?

What does a station model
represent?

Math Skills

If it is 75°F outside, what is the
temperature in degrees Celsius?
(Hint: °F = (°C X 9/5) + 32)

Figure 5 Can you identify the fronts shown on
the weather map?

Critical Thinking
6. Applying Concepts Why would

a meteorologist compare a new
weather map with one that is
24 h old?

7. Making Inferences In the

United States, why is weather
data gathered from a large num-
ber of station models?

8. Making Inferences How might

several station models from dif-
terent regions plotted on a map
help a meteorologist?
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Construct a device that uses
water to measure temperature.

Calibrate the new device by
using a mercury thermometer.

MATERIALS

bottle, plastic

e can, aluminum soda

e card, index, 3 in. X 5 in.

e clay, modeling (1 Ib)

e container, yogurt, with lid

e cup, plastic-foam, large (2)
e film canister

e food coloring, red (1 bottle)
« funnel, plastic or paper cone
e gloves, heat-resistant

e hot plate

e ice, cube (5 or 6)

e pan, aluminum pie

e pitcher

e plastic tubing, 5 mm diameter,
30 cm long

e ruler, metric

e straw, plastic, inflexible,
clear (1)

e tape, transparent (1 roll)
e thermometer, Celsius
e water, tap

SAFETY

OHSOO

Using Scientific Methods

Boiling Over!

Safety Industries, Inc., would like to produce and sell thermom-
eters that are safer than mercury thermometers. The company
would like your team of inventors to design a thermometer
that uses water instead of mercury. The company will offer a
contract to the team that creates the best design of a water
thermometer. Good luck!

Ask a Question

@ what causes the liquid in a thermometer to rise? How can |
use this information to make a thermometer?

Form_a Hypothesis

o Brainstorm with a classmate to design a thermometer that
uses only water to measure temperature. Sketch your design.
Write a one-sentence hypothesis that describes how your
thermometer will work.

Test the Hypothesis

o Following your design, build a thermometer by using only
materials from the materials list. Like a mercury thermometer,
your thermometer needs a bulb and a tube. However, the
liquid in your thermometer will be water.

o To test your design, place the aluminum pie pan on a hot
plate. Use the pitcher to carefully pour water into the pan until
the pan is half full. Turn on the hot plate, and heat the water.

6 Putonyoursafety goggles and heat-resistant gloves, and carefully
place the “bulb” of your thermometer in the hot water. Observe
the water level in the tube. Does the water level rise?

o If the water level does not rise, change your design as neces-
sary and repeat steps 3-5. When the water level in your ther-
mometer does rise, sketch the design of this thermometer as
your final design.

Q After you decide on your final design, you must calibrate
your thermometer by using a laboratory thermometer. Tape
an index card to your thermometer’s tube so that the part of
the tube that sticks out from the “bulb” of your thermometer
touches the card.

102 Chapter 3 Understanding Weather
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© Place the plastic funnel or the cone-shaped
paper funnel into a plastic-foam cup. Carefully
pour hot water from the pie pan into the fun-
nel. Be sure that no water splashes or spills.

O Place your thermometer and a laboratory
thermometer in the hot water. As your ther-
mometer's water level rises, mark the level
on the index card. At the same time, observe
and record the temperature of the laboratory
thermometer, and write this value beside your
mark on the card.

@ Repeat steps 8-9 using warm tap water.
(@ Repeat steps 8-9 using ice water.

Q Draw evenly spaced scale markings between
your temperature markings on the index card.
Write the temperatures that correspond to the

scale marks on the index card.

Copyright"© by Holt; Rinehart and Winston. All rights reserved.

Analyze the Results

@ Analyzing Results How well does your
thermometer measure temperature?

Draw Conclusions

@ Drawing Conclusions Compare your
thermometer design with other students’
designs. How would you change your
design to make your thermometer measure
temperature better?

€© Applying Conclusions Take a class vote to
see which design should be used by Safety
Industries. Why was this thermometer
design chosen? How did it differ from other
designs in the class?
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USING KEY TERMS

For each pair of terms, explain how the
meanings of the terms differ.

@ rclative humidity and dew point
© condensation and precipitation
© air mass and front

© !ightning and thunder

© tornado and hurricane

© barometer and anemometer

UNDERSTANDING KEY IDEAS

Multiple Choice

@ The process in which water changes
from a liquid to gas is called
a. precipitation.
b. condensation.
¢. evaporation.
d. water vapor.

0 What is the relative humidity of air at its
dew point?
a. 0%
b. 50%

. 75%
d. 100%

© Which of the following is NOT a type
of condensation?

a. fog
b. cloud

C. SNNOW

@ High clouds made of ice crystals are
called __ clouds.

¢. nimbostratus
d. cirrus

a. stratus
b. cumulus

(@ Large thunderhead clouds that
produce precipitation are called ___

clouds.
a. nimbostratus ¢. cumulus
b. cumulonimbus d. stratus

Q Strong updrafts within a thunderhead
can produce

c. sleet.
d. hail.

a. SNOw.
b. rain.

@® A maritime tropical air mass contains

a. warm, wet air.
b. cold, moist air.

c¢. warm, dry air.
d. cold, dry air.

@ A front that forms when a warm
air mass is trapped between cold air
masses and is forced to rise is a(n)

¢. occluded front.
d. cold front.

a. stationary front.
b. warm front.

D A severe storm that forms as a rapidly
rotating funnel cloud is called a

a. hurricane.
b. tornado.

c¢. typhoon.
d. thunderstorm.

(D The lines connecting points of equal
air pressure on a weather map are

called
a. contour lines. ¢. isobars.
b. highs. d. lows.

Short Answer

@ Explain the relationship between con-
densation and dew point.
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(D Describe the conditions along a
stationary front.

(@ What are the characteristics of an
air mass that forms over the Gulf
of Mexico?

€@ Explain how a hurricane develops.

€D Describe the water cycle, and explain
how it affects weather.

@ List the major similarities and
differences between hurricanes
and tornadoes.

@ Explain how a tornado forms.

€ Describe an interaction between
weather and ocean systems.

€D What is a station model? What types
of information do station models
provide?

€D What type of technology is used to
locate and measure the amount of
precipitation in an area?

€D List two ways to keep yourself
informed during severe weather.

¢ Explain why staying away from flood-
water is important even when the
water is shallow.

€@ Concept Mapping Use the following
terms to create a concept map: evapora-
tion, relative humidity, water vapor, dew,
psychrometer, clouds, and fog.
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) Making Inferences If both the air tem-
perature and the amount of water
vapor in the air change, is it possible
for the relative humidity to stay the
same? Explain.

€) Applying Concepts What can you
assume about the amount of water
vapor in the air if there is no differ-
ence between the wet- and dry-bulb
readings of a psychrometer?

€ Identifying Relationships Explain why
the concept of relative humidity is
important to understanding weather.

INTERPRETING GRAPHICS

Use the weather map below to answer
the questions that follow.

Siaﬁ

,Ai:: Diego Tulsa

-a_a_ \Varm front
—~—v— Cold front

Boston(

Chicago

) Where are thunderstorms most likely
to occur? Explain your answer.

€ What are the weather conditions
in Tulsa, Oklahoma? Explain your
answer.
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EOG Prep

Read each of the passages below. Then, answer the questions

that follow each passage.

Passage 1 In May 1997, a springtime tornado
wreaked havoc on Jarrell, Texas. The Jarrell tor-
nado was a powerful tornado, whose wind speeds
were estimated at more than 410 km/h. The winds
of the twister were so strong that they peeled the
asphalt from paved roads, stripped fields of corn
bare, and destroyed an entire neighborhood. Some
tornadoes, such as the one that struck the town of
Jarrell, are classified as violent tornadoes. Only 2%
of the tornadoes that occur in the United States
are categorized as violent tornadoes. Despite the
fact that these types of tornadoes do not occur
often, 70% of all tornado-related deaths are a
result of violent tornadoes.

1. In the passage, what does the word wreaked
mean?

A smelled
B caused
C prevented
D removed

2. Which of the following can be concluded from
the passage?
F Tornadoes often hit Jarrell, Texas.
G Most tornadoes fall into the violent
category.
H The tornado that hit Jarrell was a rare type
of tornado.

I Tornadoes always happen during the
spring.

3. Which of the following best describes a
characteristic of violent tornadoes?

A Violent tornadoes destroy paved roads.
B Violent tornadoes damage crops.
€ Violent tornadoes damage homes.

D Violent tornadoes have extremely strong
winds.
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Passage 2 Water evaporates into the air from
Earth’s surface. This water returns to Earth’s sur-
face as precipitation. Precipitation is water, in solid
or liquid form, that falls from the air to Earth.
The four major types of precipitation are rain,
snow, sleet, and hail. The most common form of
precipitation is rain.

A cloud produces rain when the cloud’s water
drops become large enough to fall. A raindrop
begins as a water droplet that is smaller than
the period at the end of this sentence. Before a
water drop falls as rain, it must become about
100 times this beginning size. Water drops get
larger by joining with other water drops. When
the water drops become too heavy, they fall as
precipitation.

1. In this passage, what does precipitation mean?
A acceleration
B haste

C water that falls from the atmosphere to
Earth

D separating a substance from a solution as a
solid

2. What is the main idea of the second
paragraph?
F Rain occurs when the water droplets in
clouds become large enough to fall.
G Raindrops are very small at first.

H Water droplets join with other water
droplets to become larger.

I Rain is a form of precipitation.

3. According to the passage, which step happens
last in the formation of precipitation?

A Water droplets join.

B Water droplets fall to the ground.
€ Water droplets become heavy.

D Water evaporates into the air.
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INTERPRETING GRAPHICS

Use each diagram below to answer the
question that follows each diagram.

-
=
A B

1. During an experiment, the setup shown in the
diagram above is maintained for 72 h. Which
of the following is the most likely outcome?

A Beaker A will hold less water than
beaker B will.

B The amount of water in beaker A and
beaker B will stay the same.

€ The amount of water in beaker A and
beaker B will change by about the same
amount.

D Beaker B will hold less water than
beaker A will.

Amount of Water Vapor That Air Can
Hold at Various Temperatures

50
@
P
“5@ 30
b~
S0 20
=2
o & //
< /

o=
-20 -10 0 10 20 30 40 50

Temperature (°C)

2. Look at the line graph above. Which statement
is consistent with the line graph?

F The ability of air to hold moisture increases
as temperature increases.

G The ability of air to hold moisture decreases
as temperature increases.

H The ability of air to hold moisture decreases

and then increases as temperature increases.

I The ability of air to hold moisture stays the
same regardless of temperature.
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Read each question below, and choose the
best answer.

1. The speed of light is 3.00 X 108 m/s. What is
another way to express this measure?
A 3,000,000,000 m/s
B 300,000,000 m/s
€ 3,000,000 m/s
D 300,000 m/s

2. A hurricane is moving 122 km/h. How
long will it take to hit the coast, which is
549 km away?

F 42h
G 45h
H 48h
I 52h

3. Afrontis moving 15 km/h in an easterly
direction. At that rate, how far will the front
travel in 12 h?

A 0.8 km
B 1.25 km
C 27 km
D 180 km

4. On average, 2 out of every 100 tornadoes are
classified as violent tornadoes. If there are
400 tornadoes in 1 year, which is the best
prediction of the number of tornadoes that
will be classified as violent tornadoes during
that year?

F 2
G 4
H 8
I 16

5. The air temperature in the morning was 27°C.
During the day, a front moved into the region
and caused the temperature to drop to 18°C. By
how many degrees did the temperature drop?
A 1°C
B 9°C
C 11°C
D 19°C

uonesedald 1s9] pazipiepuels
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Science
in Action

Science Fiction

“All Summer in a Day” by Ray Bradbury

It is raining, just as it has been for seven long
years. For the people who live on Venus,
constant rain is a fact of life. But today is a
special day—a day when the rain stops and
the sun shines. This day comes once every
seven years. At school, the students have
been looking forward to this day for weeks.
But Margot longs to see the sun even more
than the others do. The reason for her long-
ing makes the other kids jealous, and jealous
kids can be cruel. What happens to Margot?
Find out by reading Ray Bradbury’s “All
Summer in a Day” in the Holt Anthology of
Science Fiction.

Language Arts Qﬁli,llﬂy

LTI What would living in a place
SKILL \yhere it rained all day and every
day for seven years be like? Write a short
story describing what your life would be like
if you lived in such a place. In your story,
describe what you and your friends would
do for fun after school.
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Weird Science

Can Animals Forecast the Weather?

Before ways of making sophisticated weather
forecasts were developed, people observed
animals and insects for evidence of chang-
ing weather. By observing the behavior of
certain animals and insects, you, too, can
detect changing weather! For example, did
you know that birds fly higher when fair
weather is coming? And a robin’s song is
high pitched in fair weather and low pitched
as rain approaches. Ants travel in lines when
rain is coming and scatter when the weather
is clear. You can tell how hot the weather
is by listening for the chirping of crickets—
crickets chirp faster as the temperature rises!

\ v A A )
cTiVi
math RETiVily
To estimate the outdoor temperature in
degrees Fahrenheit, count the number of
times that a cricket chirps in 15 s and add

37. If you count 40 chirps in 15 s, what is
the estimated temperature?
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Careers

Gristy Mitchell

Meteorologist Predicting floods, observing a tornado develop inside a storm, watch-
ing the growth of a hurricane, and issuing flood warnings are all in a day’s work for
Cristy Mitchell. As a meteorologist for the National Weather Service, Mitchell spends
each working day observing the powerful forces of nature. When

asked what made her job interesting,
Mitchell replied, “There’s nothing like
the adrenaline rush you get when you
see a tornado coming!”

Perhaps the most familiar field of
meteorology is weather forecasting.

However, meteorology is also used in
air-pollution control, weather control,
agricultural planning, and even crimi-
nal and civil investigations. Meteor-
ologists also study trends in Earth'’s
climate.

Meteorologists such as Mitchell
use high-tech tools—computers and
satellites—to collect data. By analyzing
such data, Mitchell is able to forecast
the weather.

Social Studies !\;..i,l@'!'}'

An almanac is a type of calendar that contains
various information, including weather forecasts
and astronomical data, for every day of the year.
Many people used almanacs before meteorologists
started to forecast the weather on TV. Use an alma-

nac from the library to find out what the weather
was on the day that you were born.

To learn more about these
Science in Action topics, visit

go.hrw.com and type in the
keyword HZ5WEAF.

GEY,

Curvemt Science

Check out Current Science®
articles related to this chapter
by visiting go.hrw.com. Just
type in the keyword HZ5CS16.
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About the

Would you like to hang out on this ice with the
penguins? You probably would not. You would
be shivering, and your teeth would be chatter-
ing. However, these penguins feel comfortable.
They have thick feathers and lots of body fat to
keep them warm. Like other animals, penguins
have adapted to their climate, which allows
them to live comfortably in that climate. So,
you will never see one of these penguins living
comfortably on a hot, sunny beach in Florida!

110 Chapter 4

PREIREADINGY VAL /11 2

FULDES Pyramid Before you

read the chapter, create the
FoldNote entitled “Pyramid”
described in the Study Skills section
of the Appendix. Label the sides of the
pyramid with “Tropical climate,” “Temper-
ate climate,” and “Polar climate.” As you
read the chapter, define each climate
zone, and write characteristics of each
climate zone on
the appropriate
pyramid side.
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What's Your Angle?

Try this activity to see how the angle of the sun’s
solar rays influences temperatures on Earth.
Procedure

1. Place a lamp 30 cm from a globe.

2. Point the lamp so that the light shines directly
on the globe’s equator.

3. Using adhesive putty, attach a thermometer to
the globe’s equator in a vertical position. Attach
another thermometer to the globe’s North Pole
so that the tip points toward the lamp.

4. Record the temperature reading of each
thermometer.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

5. Turn on the lamp, and let the light shine on the
globe for 3 minutes.

6. After 3 minutes, turn off the lamp and record the
temperature reading of each thermometer again.

Analysis

1. Was there a difference between the final tem-
perature at the globe’s North Pole and the final
temperature at the globe’s equator? If so, what
was it?

2. Explain why the temperature readings at the North
Pole and the equator may be different.

Climate 111



READING WARM-UP

Objectives

@ Explain the difference between
weather and climate.

@ Identify five factors that determine
climates.

@ Identify the three climate zones of
the world.

Terms to Learn

weather elevation
climate surface current
latitude biome

prevailing winds

READING STRATEGY

Discussion Read this section silently.
Write down questions that you have
about this section. Discuss your ques-
tions in a small group.

Figure 1 How does the
climate in northern Africa
differ from the climate
where you live?

112 Chapter 4

Climate

What Is Climate?

Suppose you receive a call from a friend who is coming to
visit you tomorrow. To decide what clothing to bring, he
asks about the current weather in your area.

You step outside to see if rain clouds are in the sky and to
check the temperature. But what would you do if your friend
asked you about the climate in your area? What is the differ-
ence between weather and climate?

Climate Vs. Weather

The main difference between weather and climate is the
length of time over which both are measured. Weather is the
condition of the atmosphere at a particular time. Weather
conditions vary from day to day and include temperature,
humidity, precipitation, wind, and visibility. Climate, on the
other hand, is the average weather condition in an area over
a long period of time. Climate is mostly determined by two
factors—temperature and precipitation. Different parts of the
world can have different climates, as shown in Figure 1. But
why are climates so different? The answer is complicated. It
includes factors in addition to temperature and precipitation,
such as latitude, wind patterns, mountains, large bodies of
water, and ocean currents.

WLTITITELTTZA How is climate different from weather? (See the
Appendix for answers to Reading Checks.)
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Latitude

Think of the last time you looked at a globe. Do you recall
the thin, horizontal lines that circle the globe? Those lines
are called lines of latitude. Latitude is the distance north or
south, measured in degrees, from the equator. In general, the
temperature of an area depends on its latitude. The higher
the latitude is, the colder the climate tends to be. One of the
coldest places on Earth, the North Pole, is 90° north of the
equator. However, the equator, at latitude 0°, is usually hot.
As shown in Figure 2, if you were to take a trip to different
latitudes in the United States, you would experience different
climates. For example, the climate in Washington, D.C., which
is at a higher latitude, is different from the climate in Texas.

Solar Energy and Latitude

Solar energy, which is energy from the sun, heats the Earth.
The amount of direct solar energy a particular area receives is
determined by latitude. Figure 3 shows how the curve of the
Earth affects the amount of direct solar energy at different
latitudes. Notice that the sun’s rays hit the equator directly, at
almost a 90° angle. At this angle, a small area of the Earth’s
surface receives more direct solar energy than at a lesser angle.
As a result, that area has high temperatures. However, the sun’s
rays strike the poles at a lesser angle than they do the equa-
tor. At this angle, the same amount of direct solar energy that
hits the area at the equator is spread over a larger area at the
poles. The result is lower temperatures at the poles.

Figure 3 The sun’s rays strike the Earth’s surface
at different angles because the surface is curved.
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Figure 2 Winter in south Texas
(top) is different from winter in
Washington D.C. (bottom).

weather the short-term state of the
atmosphere, including temperature,
humidity, precipitation, wind, and
visibility

climate the average weather condi-
tion in an area over a long period
of time

latitude the distance north or
south from the equator; expressed
in degrees

Equator
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Seasons and Latitude

In most places in the United States, the year consists of four
seasons. But there are places in the world that do not have
such seasonal changes. For example, areas near the equator
have approximately the same temperatures and same amount of
daylight year-round. Seasons happen because the Earth is tilted
on its axis at a 23.5° angle. This tilt affects how much solar
energy an area receives as Earth moves around the sun. Figure 4
shows how latitude and the tilt of the Earth determine the
seasons and the length of the day in a particular area.

WAITITEIITd Why is there less seasonal change near the

equator?

The Seasons

Winter

During our winter months,
the Southern Hemisphere
has higher temperatures and
longer days because it tilts
toward the sun and receives
more-direct solar energy.
The Northern Hemisphere
has lower temperatures and
shorter days because it tilts
away from the sun.

March 21
Spring

June 21 i, e ""'J"!:E

. "!\ Summer i * r -

NP December 21
e Wy Winter /

Summer

During our summer
months, the Northern
Hemisphere has warmer
temperatures and longer
days because it tilts toward
the sun and receives more-
direct solar energy for a
longer amount of time. The
Southern Hemisphere has
colder temperatures and
shorter days because it tilts
away from the sun.

September 22
Fall

114 Chapter 4 Climate

Copyright © by Holt, Rinehart and Winston. All rights reserved.



@ ITLX) The Circulation of Warm Air and Cold Air

As cold air /‘? 5
sinks, it warms. Ry

o

\.1 ‘ ‘iﬂs
When cold air

LT
warms, it gains

the ability to hold
water vapor.

When warm air cools, it
loses the ability to hold
water vapor. This results
in precipitation.

As warm air
rises, it cools.

Prevailing Winds

Winds that blow mainly from one direction are prevailing winds. prevailing winds winds that blow
Before you learn how the prevailing winds affect climate, take mainly from one direction during a
a look at Figure 5 to learn about some of the basic properties &V period
of air.

Prevailing winds affect the amount of precipitation that a
region receives. If the prevailing winds form from warm air, °°® * .

. .1 . p @
they may carry moisture. If the prevailing winds form from y — \
cold air, they will probably be dry. Q“ lck _Lf@

The amount of moisture in prevailing winds is also affected =

x>

by whether the winds blow across land or across a large body A Cool Breeze
of water. Winds that travel across large bodies of water absorb 1. Hold a thermometer next
moisture. Winds that travel across land tend to be dry. Even if a to the top edge of a cup

. . . of water containing two
region borders the ocean, the area might be dry. Figure 6 shows ice cubes. Record the

an example of how dry prevailing winds can cause the land temperature next to
to be dry though the land is near an ocean. the cup.

2. Have your lab partner fan
the surface of the cup with
a paper fan. Record the
temperature again. Has the
temperature changed? Why
or why not?

Figure 6 The Sahara Desert, in
northern Africa, is extremely dry
because of the dry prevailing
winds that blow across the
continent.
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) Mountains

A

CHOO | to H ) Mountains can influence an area’s climate by affecting both
'SHOOL, S0 Home

temperature and precipitation. Kilimanjaro is the tallest

Using a Map mountain in Africa. It has snow-covered peaks year-round,
With your parent, use a even though it is only about 3° (320 km) south of the equa-
physical map to locate the tor. Temperatures on Kilimanjaro and in other mountainous

mountain ranges in the
United States. Does climate
vary from one side of a

areas are affected by elevation. Elevation is the height of sur-
face landforms above sea level. As the elevation increases,

mountain range to the other? the ability of air to transfer energy from the ground to the
If so, what does this tell you atmosphere decreases. Therefore, as elevation increases, tem-
about the climatic conditions perature decreases.

on either side of the moun-
tain? From what direction are
the prevailing winds blowing?

Mountains also affect the climate of nearby areas by influ-
encing the distribution of precipitation. Figure 7 shows how the
climates on two sides of a mountain can be very different.

PR AL {78
b&!‘ybly ' ([l N Eld ' Why does the atmosphere become cooler at

higher elevations?

Figure 7 Mountains block the prevailing winds
and affect the climate on the other side.

The Wet Side The Dry Side
Mountains force air to rise. The air cools After dry air crosses the mountain, the

as it rises, releasing moisture as snow or
rain. The land on the windward side of
the mountain is usually green and lush
because the wind releases its moisture.

air begins to sink. As the air sinks, it is
warmed and absorbs moisture. The dry
conditions created by the sinking, warm
air usually produce a desert. This side of
the mountain is in a rain shadow.

i AT
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F Nl WPEY

-



Large Bodies of Water

Large bodies of water can influence an area’s climate. Water
absorbs and releases heat slower than land does. Because of this
quality, water helps to moderate the temperatures of the land
around it. So, sudden or extreme temperature changes rarely
take place on land near large bodies of water. For example,
the state of Michigan, which is surrounded by the Great Lakes,
has more-moderate temperatures than other places at the same
latitude. The lakes also increase the moisture content of the
air, which leads to heavy snowfall in the winter. This “lake
effect” can cause 350 inches of snow to drop in one year!

Ocean Currents elevation the height of an object

. . above sea level
The circulation of ocean surface currents has a large effect on

an area’s climate. Surface currents are streamlike movements of surface current a horizontal
water that occur at or near the surface of the ocean. Figure 8 movement of ocean water that is
shows the pattern of the major ocean surface currents. caused by Wmd, and that occurs at or
near the ocean'’s surface
As surface currents move, they carry warm or cool water to
different locations. The surface temperature of the water affects
the temperature of the air above it. Warm currents heat the
surrounding air and cause warmer temperatures. Cool currents
cool the surrounding air and cause cooler temperatures. The
Gulf Stream current carries warm water northward off the east
coast of North America and past Iceland. Iceland is an island
country located just below the Arctic Circle. The warm water
from the Gulf Stream heats the surrounding air and creates
warmer temperatures in southern Iceland. Iceland experiences
milder temperatures than Greenland, its neighboring island.
Greenland’s climate is cooler because Greenland is not influ-
enced by the Gulf Stream.

of Reading Check \A?/hy does Iceland experience milder tempera- Figure 8 The red arrows
tures than Greenland? represent the movement
Arctic Ocean of warm surface currents.
7 The blue arrows represent
o the movement of cold
Noth ' 7 .
Am surface currents.
North 8 -
Pacific North
Ocean Atlantic
| N Ocean /
k IJ.‘-';I . _\
R
— e —— — <. -

-
Indian \ o

v - Ocean
South " _— \ A Austfalla r
Pacific Atlantic
Ocean ’ . Ocean o F 2 « Warm current
\, i + Cold current
e N
g R | —

Antarctica
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Climates of the World

Have you seen any polar bears in your neighborhood
lately? You probably have not. That’s because polar
bears live only in very cold arctic regions. Why are the
animals in one part of the world so different from the
animals in other parts? One of the differences has to do
with climate. Plants and animals that have adapted to
one climate may not be able to live in another climate.
For example, frogs would not be able to survive at the
North Pole.

Tropical

Tropical

Climate Zones

The Earth’s three major climate zones—tropical, temper-
ate, and polar—are shown in Figure 9. Each zone has a
Figure 9 The three major climate temperature range that relates to its latitude. However,
zones are determined by latitude. in each of these zones, there are several types of cli-
mates because of differences in the geography and the
amount of precipitation. Because of the various climates
in each zone, there are different biomes in each zone. A
biome a large region characterized biome is a large region characterized by a specific type of
by a specific type of climate and cer- climate and certain types of plant and animal commu-
E::rr:‘tn:ﬁsisﬁ(;i plant and animal nities. Figure 10 shows the distribution of the Earth’s
land biomes. In which biome do you live?

WLAITTTEITTd What factors distinguish one biome from

another biome?

The Earth’s Land Biomes

[0 Tundra Temperate grassland [l Chaparral
[0 Taiga [ Tropical savanna Mountains
[ Temperate forest [ Temperate desert

I Tropical rain forest Tropical desert

Equator

118 Chapter 4 Climate
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SECTION

Review

@® Weather is the condition of the atmos-
phere at a particular time. This condition
includes temperature, humidity, precipita-
tion, wind, and visibility.

@ Climate is the average weather condition
in an area over a long period of time.

climate.

@ Prevailing winds affect the climate of an
area by the amount of moisture they carry.

Using Key Terms

1. In your own words, write a definition for each
of the following terms: weather, climate, latitude,
prevailing winds, elevation, surface currents, and
biome.

Understanding Key Ideas

2. Which of the following affects climate by caus-
ing the air to rise?
a. mountains
b. ocean currents
c. large bodies of water
d. latitude

3. What is the difference between weather and
climate?

4. List five factors that determine climates.

5. Explain why there is a difference in climate
between areas at 0° latitude and areas at 45°
latitude.

6. List the three climate zones of the world.

Critical Thinking

7. Analyzing Relationships How would seasons
be different if the Earth did not tilt on its axis?

8. Applying Concepts During what months does
Australia have summer? Explain.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

@ Mountains influence an area’s climate by
affecting both temperature and
precipitation.

@ Large bodies of water and ocean currents
influence the climate of an area by affect-
ing the temperature of the air over the

@ The higher the latitude, the cooler the water.

@ The three climate zones of the world are
the tropical zone, the temperate zone, and
the polar zone.

Interpreting Graphics

Use the map below to answer the questions that

follow.
= &

9. Would you expect the area that the arrow
points to to be moist or dry? Explain your
answer.

10. Describe how the climate of the same area
would change if the prevailing winds traveled
from the opposite direction. Explain how you
came to this conclusion.

S C[ INKS. Developed and maintained by the

National Science Teachers Association

For a variety of links related to this
chapter, go to www.scilinks.org
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READING WARM-UP

Objectives

@ Locate and describe the tropical
zone.

@ Describe the biomes found in the
tropical zone.

Terms to Learn
tropical zone

READING STRATEGY

Reading Organizer As you read this
section, make a table comparing tropi-
cal rain forests, tropical savannas, and
tropical deserts.

@ T3P Biomes of the Tropical Zone

Equator

The Tropics

Where in the world do you think you could find a flying
dragon gliding above you from one treetop to the next?

Don't worry. This flying dragon, or tree lizard, is only about
20 cm long, and it eats only insects. With winglike skin flaps,
the flying dragon can glide from one treetop to the next.
But, you won't find this kind of animal in the United States.
These flying dragons live in Southeast Asia, which is in the
tropical zone.

The Tropical Zone

The region that surrounds the equator and that extends from
about 23.5° north latitude to 23.5° south latitude is called the
tropical zone. The tropical zone is also known as the Tropics.
Latitudes in the tropical zone receive the most solar radia-
tion. Temperatures are therefore usually hot, except at high
elevations.

Within the tropical zone, there are three major types
of biomes—tropical rain forest, tropical desert, and tropical
savanna. These three biomes have high temperatures. But they
differ in the amount of precipitation, soil characteristics, veg-
etation, and kinds of animals. Figure 1 shows the distribution
of these biomes.

' [Nl TN 9@ At what latitudes would you find the tropical
zone? (See the Appendix for answers to Reading Checks.)

I Tropical rain forest
[ Tropical savanna
Tropical desert

120 Chapter 4 Climate
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Tropical Rain Forests

Tropical rain forests are always warm and wet. Because they
are located near the equator, they receive strong sunlight year-
round. So, there is little difference between seasons in tropical
rain forests.

Tropical rain forests contain the greatest number of animal
and plant species of any biome. Animals found in tropical rain
forests include monkeys, parrots, tree frogs, tigers, and leop-
ards. Plants found in tropical rain forests include mahogany,
vines, ferns, and bamboo. But in spite of the lush vegetation,
shown in Figure 2, the soil in rain forests is poor. The rapid
decay of plants and animals returns nutrients to the soil. But
these nutrients are quickly absorbed and used by the plants.
The nutrients that are not immediately used by the plants
are washed away by the heavy rains. The soil is left thin and
nutrient poor.

YCONNECTIONTO

Social{Studies

I'ZI A Living in the Tropics The tropical climate is very hot
SKILL and humid. People who live in the Tropics have had to
adapt to feel comfortable in that climate. For example, in the coun-
try of Samoa, some people live in homes that have no walls, which
are called fales. Fales have only a roof, which provides shade. The
openness of the home allows cool breezes to flow through the
home. Research other countries in the Tropics. See how the climate
influences the way the people live in those countries. Then, in your
science journal, describe how the people’s lifestyle helps them
adapt to the climate.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

- * Average Temperature Range
25°C to 28°C (77°F to 82°F)

~ . Average Yearly Precipitation
" 200 cm or more

i

« Soil Characteristics
thin and nutrient poor

Figure 2 In tropical rain forests,
many of the trees form above-
ground roots that provide extra
support for the trees in the thin,
nutrient-poor soil.

tropical zone the region that sur-
rounds the equator and that extends
from about 23.5° north latitude to
23.5° south latitude

Section 2 The Tropics 121



Tropical Savanna

* Average Temperature Range
27°C to 32°C (80°F to 90°F)

* Average Yearly Precipitation
100 cm

« Soil Characteristics
generally nutrient poor

S

Figure 3 The grass of a tropical
savanna can be as tall as 5 m.

122 Chapter 4 Climate

Tropical Savannas

Tropical savannas, or grasslands, are composed of tall grasses
and a few scattered trees. The climate is usually very warm.
Tropical savannas have a dry season that lasts four to eight
months and that is followed by short periods of rain. Savanna
soils are generally nutrient poor. However, grass fires, which
are common during the dry season, leave the soils nutrient
enriched. An African savanna is shown in Figure 3.

Many plants have adapted to fire and use it to promote
development. For example, some species need fire to break
open their seeds’ outer skin. Only after this skin is broken can
each seed grow. For other species, heat from the fire triggers
the plants to drop their seeds into the newly enriched soil.

Animals that live in tropical savannas include giraffes, lions,
crocodiles, and elephants. Plants include tall grasses, trees, and
thorny shrubs.

CONNECTION TO

Biology,
'L Animal and Plant Adaptations Animals and plants
SKILL adapt to the climate in which they live. These adapta-
tions cause certain animals and plants to be unique to particular
biomes. For example, the camel, which is unique to the desert, has
adapted to going for long periods of time without water. Research
other animals or plants that live in the Tropics. Then, in your sci-
ence journal, describe the characteristics that help them survive in
the Tropics.
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Tropical Deserts

A desert is an area that receives less than 25 cm of
rainfall per year. Because of this low yearly rainfall,
deserts are the driest places on Earth. Desert plants,
such as those shown in Figure 4, are adapted to
survive in places that have little water. Animals
such as rats, lizards, snakes, and scorpions have
also adapted to survive in these deserts.

There are two kinds of deserts—hot deserts and
cold deserts. Hot deserts are caused by cool, sinking
air masses. Many hot deserts, such as the Sahara,
in Africa, are tropical deserts. Daily temperatures in
tropical deserts often vary from very hot daytime
temperatures (50°C) to cool nighttime temperatures
(20°C). Because of the dryness of deserts, the soil is
poor in organic matter, which is needed for plants
to grow.

WLTITTTELTTZd What animals would you find in a

tropical desert?

SECTION

Using Key Terms

Review

Summary,

@ The tropical zone is
located around the
equator, between
23.5° north and
23.5° south latitude.

@® Temperatures are usually
hot in the tropical zone.

@ Tropical rain forests are
warm and wet. They
have the greatest num-
ber of plant and animal
species of any biome.

@ Tropical savannas are
grasslands that have a
dry season.

@ Tropical deserts are hot
and receive little rain.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

1. In your own words, write a defi-
nition for the term tropical zone.

Understanding Key Ideas

2. Which of the following tropical
biomes has less than 50 cm of
precipitation a year?

a. rain forest
b. desert

c. grassland
d. savanna

3. What are the soil characteristics
of a tropical rain forest?

4. In what ways have savanna veg-
etation adapted to fire?

Math Skills

5. Suppose that in a tropical
savanna, the temperature was
recorded every hour for 4 h.

The recorded temperatures were
27°C, 28°C, 29°C, and 29°C. Cal-
culate the average temperature
for this 4 h period.

- <% + Average Temperature Range
“i" 16°C to 50°C (61°F to 120°F)

~ « Average Yearly Precipitation
0-25 cm

* Soil Characteristics
poor in organic matter

Figure 4 Plants such as succulents have
fleshy stems and leaves to store water.

Critical Thinking

6. Analyzing Relationships How
do the tropical biomes differ?

7. Making Inferences How would
you expect the adaptations of a
plant in a tropical rain forest to
differ from the adaptations of a
tropical desert plant? Explain.

8. Analyzing Data An area has
a temperature range of 30°C to
40°C and received 10 cm of rain
this year. What biome is this
area in?

S C[ INKS. Developed and maintained by the
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READING WARM-UP

Objectives

@ Locate and describe the temperate
zone and the polar zone.

@® Describe the different biomes found
in the temperate zone and the
polar zone.

@ Explain what a microclimate is.

Terms to Learn
temperate zone
polar zone
microclimate

READING STRATEGY

Reading Organizer As you read this

section, create an outline of the section.

Use the headings from the section in
your outline.

Temperate and Polar Zones

Which season is your favorite? Do you like the change of
colors in the fall, the flowers in the spring, or do you prefer
the hot days of summer?

If you live in the continental United States, chances are you
live in a biome that experiences seasonal change. Seasonal
change is one characteristic of the temperate zone. Most of the
continental United States is in the temperate zone, which is
the climate zone between the Tropics and the polar zone.

The Temperate Zone

The climate zone between the Tropics and the polar zone is
the temperate zone. Latitudes in the temperate zone receive less
solar energy than latitudes in the Tropics do. Because of this,
temperatures in the temperate zone tend to be lower than in
the Tropics. Some biomes in the temperate zone have a mild
change of seasons. Other biomes in the country can experience
freezing temperatures in the winter and very hot temperatures
in the summer. The temperate zone consists of the following
four biomes—temperate forest, temperate grassland, chaparral,
and temperate desert. Although these biomes have four distinct
seasons, the biomes differ in temperature and precipitation and
have different plants and animals. Figure 1 shows the distribu-
tion of the biomes found in the temperate zone.

' ILEL L1 N Td /|l Where is the temperate zone? (See the Appendix
for answers to Reading Checks.)

@i TICLP Biomes of the Temperate Zone

[ Temperate forest
Temperate grassland

[0 Temperate desert
I Chaparral

124 Chapter 4
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Temperate Forests

The temperate forest biomes tend to have high amounts of rain-
fall and seasonal temperature differences. Summers are often
warm, and winters are often cold. Animals such as deer, bears,
and foxes live in temperate forests. Figure 2 shows deciduous
trees in a temperate forest. Deciduous describes trees that lose
their leaves at the end of the growing season. The soils in
deciduous forests are usually fertile because of the high organic
content from decaying leaves that drop every winter. Another
type of tree found in the temperate forest is the evergreen.
Evergreens are trees that keep their leaves year-round.

Temperate Grasslands

Temperate grasslands, such as those shown
in Figure 3, are regions that receive too little
rainfall for trees to grow. This biome has
warm summers and cold winters. Examples
of animals that are found in temperate
grasslands include bison in North America
and kangaroo in Australia. Grasses are the
most common kind of plant found in this
biome. Because grasslands have the most-
fertile soils of all biomes, much of the
grassland has been plowed to make room
for croplands.

Figure 3 At one time, the world’s
grasslands covered about 42% of Earth’s
total land surface. Today, they occupy only
about 12% of the Earth’s total land surface.

* Average Temperature Range
. 0°Cto 28°C (32°F to 82°F)
#7_ . Average Yearly Precipitation
76 to 250 cm

*Soil Characteristics
very fertile, organically rich

Figure 2 Deciduous trees
have leaves that change color
and drop when temperatures
become cold.

temperate zone the climate
zone between the Tropics and the
polar zone

Temperate Grassland

* Average Temperature Range
-6°C to 26°C (21°F to 78°F)

* Average Yearly Precipitation
38 to 76 cm

« Soil Characteristics
most-fertile soils of all biomes
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Chaparral

* Average Temperature Range
11°C to 26°C (51°F to 78°F)

* Average Yearly Precipitation
48 to 56 cm

* Soil Characteristics
rocky, nutrient-poor soils

i ) Il‘lj‘ :"“L

Figure 4 Some plant species
found in chaparral require fire
to reproduce.

Figure 5 The Great Basin Desert
is in the rain shadow of the
Sierra Nevada.

Chaparrals

Chaparral regions, as shown in Figure 4, have cool, wet
winters and hot, dry summers. Animals, such as coyotes
and mountain lions live in chaparrals. The vegetation is
mainly evergreen shrubs. These shrubs are short, woody
plants with thick, waxy leaves. The waxy leaves are adap-
tations that help prevent water loss in dry conditions.
These shrubs grow in rocky, nutrient-poor soil. Like tropi-
cal-savanna vegetation, chaparral vegetation has adapted
to fire. In fact, some plants, such as chamise, can grow
back from their roots after a fire.

Temperate Deserts

The temperate desert biomes, like the one shown in
Figure 5, tend to be cold deserts. Like all deserts, cold
deserts receive less than 25 cm of precipitation yearly.
Examples of animals that live in temperate deserts are
lizards, snakes, bats, and toads. And the types of plants
found in temperate deserts include cacti, shrubs, and
thorny trees.

Temperate deserts can be very hot in the daytime. But,
unlike hot deserts, they are often very cold at night. This
large change in temperature between day and night is
caused by low humidity and cloudless skies. These con-
ditions allow for a large amount of energy to heat the
Earth’s surface during the day. However, these same char-
acteristics allow the energy to escape at night. This causes
temperatures to drop. You probably rarely think of snow
and deserts together. But temperate deserts often receive
light snow during the winter.

' (LT N e/ Why are temperate deserts cold at night?

Temperate Desert
* Average Temperature Range
1°C to 50°C (34°F to 120°F)

* Average Yearly Precipitation
0to 25 cm

» Soil Characteristics

poor in organic matter



Biomes of the Polar Zone

The Polar Zone

The climate zone located at the North or South Pole and its

surrounding area is called the polar zone. Polar climates have polar zone the North or South
the coldest average temperatures of all the climate zones. Tem- Pole and its surrounding area
peratures in the winter stay below freezing. The temperatures

during the summer remain cool. Figure 6 shows the distribu-

tion of the biomes found in the polar zone.

Tundra

The tundra biome, as shown in Figure 7, has long,
cold winters with almost 24 hours of night. It also
has short, cool summers with almost 24 hours
of daylight. In the summer, only the top meter
of soil thaws. Underneath the thawed soil lies a
permanently frozen layer of soil, called permafrost.
This frozen layer prevents the water in the thawed
soil from draining. Because of the poor drainage,
the upper soil layer is muddy. This muddy layer
of soil makes a great breeding ground for insects,
such as mosquitoes. Many birds migrate to the
tundra during the summer to feed on the insects.
Other animals that live in the tundra are caribou,
reindeer, and polar bears. Plants in this biome
include mosses and lichens.

Figure 7 In the tundra, mosses
and lichens cover rocks.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Tundra

* Average Temperature Range
-27°C to 5°C (-17°F to 41°F)

* Average Yearly Precipitation
0to25cm

« Soil Characteristics
frozen
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* Average Temperature Range
-10°C to 15°C (14°F to 59°F)

* Average Yearly Precipitation
40 to 61 cm

« Soil Characteristics
acidic

o i i -5 T e e o

Figure 8 The taiga, such as this

one in Washington, have mostly Taiga (Northern Coniferous Forest)
evergreens for trees. ) _ ) _
Just south of the tundra lies the taiga biome. The taiga, as

shown in Figure 8, has long, cold winters and short, warm
summers. Animals commonly found here are moose, bears, and
rabbits. The majority of the trees are evergreen needle-leaved
trees called conifers, such as pine, spruce, and fir trees. The
needles and flexible branches allow these trees to shed heavy
snow before they can be damaged. Conifer needles are made

microclimate the climate of a of acidic substances. When the needles die and fall to the soil,

small area they make the soil acidic. Most plants cannot grow in acidic
soil. Because of the acidic soil, the forest floor is bare except
for some mosses and lichens.

Microclimates

\_S}!Lo’% EPJ\JQMJFJ The climate and the biome of a particular place can also be

v influenced by local conditions. Microclimate is the climate of a

[éﬂi](:?fﬁﬂ Jv?t?]r gtl:r)?aer- small area. The alpine biome is a cold biome found on moun-
ents, explore thg biome in tains all around the world. The alpine biome can even be found
the area where you live. on mountains in the Tropics! How is this possible? The high
What kinds of animals and elevation affects the area’s climate and therefore its biome. As
\Fl’\lla_“ts live in your area? o the elevation increases, the air’s ability to transfer heat from
rite a one-page paper that the ground to the atmosphere by conduction decreases, which
describes the biome and ]
why the biome of your area causes temperatures to decrease. In winter, the temperatures are
has its particular climate. below freezing. In summer, average temperatures range from

D ‘V;T v, 10°C to 15°C. Plants and animals have had to develop special
B&!L !): y adaptations to live in this severe climate.
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Cities

Cities are also microclimates. In a city, temperatures can be
1°C to 2°C warmer than the surrounding rural areas. Have
you ever walked barefoot on a black asphalt street on a hot
summer day? Doing so burns your feet because buildings and
pavement made of dark materials absorb solar radiation instead
of reflecting it. There is also less vegetation in a city to take
in the sun’s rays. This absorption and re-radiation of heat by
buildings and pavement heats the surrounding air. In turn,
the temperatures rise.

WAZTIYXITZd Why do cities have higher temperatures than

the surrounding rural areas?

SECTION #° Using Key Terms

R EVi ew 1. In your own words, write a defi-
nition for the term microclimate.

Complete each of the following sen-

tences by choosing the correct term
from the word bank.

temperate zone polar zone
@ The temperate zone is microclimate
located between the 2. The coldest temperatures are
Tropics and the polar found in the .
zone. It has moderate
temperatures. 3. The  has moderate

temperatures.
@® Temperate forests, tem-

perate grasslands, and

temperate deserts are Understanding Key Ideas

biomes in the temper- 4. Which of the following biomes
ate zone. has the driest climate?

@ The polar zone includes a. temperate forests
the North or South P0|e b. temperate grasslands

and its surrounding area.
The polar zone has the
coldest temperatures.

c¢. chaparrals
d. temperate deserts

@ The tundra and the taiga 5. Explain why the temperate zone
are biomes within the has lower temperatures than the
polar zone. Tropics.

6. Describe how the latitude of the
polar zone affects the climate in
that area.

7. Explain why the tundra can
sometimes experience 24 hours
of daylight or 24 hours of night.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

{ CONNECTION|TO
APhysics

Hot Roofs! Scientists studied
roofs on a sunny day when the
air temperature was 13°C. They
recorded roof temperatures rang-
ing from 18°C to 61°C depending
on color and material of the roof.
Place thermometers on outside
objects that are made of different
types of materials and that are
different colors. Please stay off
the roof! Is there a difference in
temperatures?

8. How do conifers make the soil

they grow in too acidic for other
plants to grow?

Math Skills

9. Texas has an area of about

700,000 square kilometers.
Grasslands compose about 20%
of this area. About how many
square kilometers of grassland
are there in Texas?

Critical Thinking
10. Identifying Relationships

Which biome would be more
suitable for growing crops, tem-
perate forest or taiga? Explain.

11. Making Inferences Describe

the types of animals and veg-
etation you might find in the
Alpine biome.

S C[ INKS. Developed and maintained by the
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READING WARM-UP

Objectives

@ Describe how the Earth’s climate has
changed over time.

@® Summarize four different theories
that attempt to explain why the
Earth’s climate has changed.

@ Explain the greenhouse effect and its
role in global warming.

Terms to Learn
ice age

global warming
greenhouse effect

READING STRATEGY

Paired Summarizing Read this section
silently. In pairs, take turns summariz-
ing the material. Stop to discuss ideas
that seem confusing.

ice age a long period of climate
cooling during which ice sheets cover
large areas of Earth’s surface; also
known as a glacial period

Figure 1 During glacial
periods, ice sheets (as shown
in light blue), cover a larger
portion of the Earth.

130 Chapter 4 Climate

Changes in Climate

As you have probably noticed, the weather changes from
day to day. Sometimes, the weather can change several
times in one day! But have you ever noticed the climate
change?

On Saturday, your morning baseball game was canceled because
of rain, but by that afternoon the sun was shining. Now, think
about the climate where you live. You probably haven’t noticed
a change in climate, because climates change slowly. What
causes climatic change? Studies indicate that human activity
may cause climatic change. However, natural factors also can
influence changes in the climate.

Ice Ages

The geologic record indicates that the Earth’s climate has been
much colder than it is today. In fact, much of the Earth was
covered by sheets of ice during certain periods. An ice age is a
period during which ice collects in high latitudes and moves
toward lower latitudes. Scientists have found evidence of many
major ice ages throughout the Earth’s geologic history. The
most recent ice age began about 2 million years ago.

Glacial Periods

During an ice age, there are periods of cold and periods
of warmth. These periods are called glacial and interglacial
periods. During glacial periods, the enormous sheets of ice
advance. As they advance, they get bigger and cover a larger
area, as shown in Figure 1. Because a large amount of water
is frozen during glacial periods, the sea level drops.
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Interglacial Periods

Warmer times that happen between glacial periods are called
interglacial periods. During an interglacial period, the ice begins
to melt and the sea level rises again. The last interglacial period
began 10,000 years ago and is still happening. Why do these
periods occur? Will the Earth have another glacial period in
the future? These questions have been debated by scientists
for the past 200 years.

Motions of the Earth

There are many theories about the causes of ice ages. Each
theory tries to explain the gradual cooling that begins an ice
age. This cooling leads to the development of large ice sheets
that periodically cover large areas of the Earth’s surface.

The Milankovitch theory explains why an ice age isn’t just
one long cold spell. Instead, the ice age alternates between
cold and warm periods. Milutin Milankovitch, a Yugoslavian
scientist, proposed that changes in the Earth’s orbit and in the
tilt of the Earth’s axis cause ice ages. His theory is shown in
Figure 2. In a 100,000 year period, the Earth’s orbit changes
from elliptical to circular. This changes the Earth’s distance
from the sun. In turn, it changes the temperature on Earth.
Changes in the tilt of the Earth also influence the climate. The
more the Earth is tilted, the closer the poles are to the sun.

' LT TN 9/ What are the two things Milankovitch says
causes ice ages? (See the Appendix for answers to Reading Checks.)

@ TIL¥® The Milankovitch Theory

Sun

© Over a period of 100,000 years, the @ Over a period of 41,000

Earth’s orbit slowly changes from years, the tilt of the Earth’s
a more circular shape to a more axis varies between 22.2°

elliptical shape and back again. and 24.5°. When the tilt is
When Earth’s orbit is elliptical, at 24.5°, the poles receive
Earth receives more energy from more solar energy.

the sun. When its orbit is more
circular, Earth receives less energy
from the sun.

WTERNET ACTiViT)

“For another activity related
to this chapter, go to
go.hrw.com and type in the
keyword HZ5CLMW.

€ The Earth’s axis traces
a complete circle every
26,000 years. The circular
motion of the Earth’s axis
determines the time of year
that the Earth is closest to
the sun.

Section 4 Changes in Climate 131
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Plate Tectonics

The Earth’s climate is further influenced by plate
tectonics and continental drift. One theory pro-
poses that ice ages happen when the continents
are positioned closer to the polar regions. About
250 million years ago, all the continents were con-
nected near the South Pole in one giant landmass
called Pangaea, as shown in Figure 3. During this

h time, ice covered a large area of the Earth’s sur-
Figure 3 Much of Pangaea—the part face. As Pangaea broke apart, the continents moved
that is now Africa, South America, India, toward the equator, and the ice age ended. Dur-
Antarctica, Australia, and Saudi Arabia— ing the last ice age, many large landmasses were
was covered by continental ice sheets. positioned in the polar zones. Antarctica, northern

North America, Europe, and Asia were covered by
large sheets of ice.

Volcanic Eruptions

Many natural factors can affect global climate. Catastrophic
events, such as volcanic eruptions, can influence climate. Vol-
canic eruptions send large amounts of dust, ash, and smoke
into the atmosphere. Once in the atmosphere, the dust, smoke,
and ash particles act as a shield. This shield blocks the sun’s
rays, which causes the Earth to cool. Figure 4 shows how dust
particles from a volcanic eruption block the sun.

' (L Ne Y How can volcanoes change the climate?

Volcanic Dust in the Atmosphere

Volcanic eruptions, such as the 1980
eruption of Mount St. Helens, as
shown at right, produce dust that

reflects sunlight. Sun’s rays

Mount St. Helens 3 o .

Dust layer y
i

Atmosphere
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Asteroid Impact

Imagine a rock the size of a car flying in from outer space
and crashing in your neighborhood. This rock, like the one
shown in Figure 5, is called an asteroid. An asteroid is a small,
rocky object that orbits the sun. Sometimes, asteroids enter our
atmosphere and crash into the Earth. What would happen if
an asteroid 1 km wide, which is more than half a mile long,
hit the Earth? Scientists believe that if an asteroid this big hit
the Earth, it could change the climate of the entire world.
When a large piece of rock slams into the Earth, it causes
debris to shoot into the atmosphere. Debris is dust and smaller
rocks. This debris can block some of the sunlight and thermal
energy. This would lower average temperatures, which would
change the climate. Plants wouldn’t get the sunlight they
needed to grow, and animals would find surviving difficult.
Scientists believe such an event is what caused dinosaurs to
become extinct 65 million years ago when a 10 km asteroid
slammed into the Earth and changed the Earth’s climate.

The Sun’s Cycle

Some changes in the climate can be linked to changes in the
sun. You might think that the sun always stays the same.
However, the sun follows an 11-year cycle. During this cycle,
the sun changes from a solar maximum to a solar minimum.
During a solar minimum, the sun produces a low percentage
of high-energy radiation. But when the sun is at its solar maxi-
mum, it produces a large percentage of high-energy radiation.
This increase in high-energy radiation warms the winds in
the atmosphere. This change in turn affects climate patterns
around the world.

Section 4 Changes in Climate
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Figure 5 Some scientists
believe that a 10 km chunk of
rock smashed into the Earth
65 million years ago, which
caused the climatic change
that resulted in the extinction
of dinosaurs.

CONNECTION TO: .+

Astronomygs

Sunspots Sunspots are dark
areas on the sun’s surface. The
number of sunspots changes
with the sun’s cycle. When the
cycle is at a solar maximum,
there are many sunspots.
When the cycle is at a solar
minimum, there are fewer sun-
spots. If the number of sun-
spots was low in 1997, in what
year will the next low point in
the cycle happen?
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ATy

The Ride to School

Venlticy

1. The round-trip distance
from your home to school
is 20 km.

2. You traveled from home
to school and from school
to home 23 times in a
month.

3. The vehicle in which you
took your trips travels
30 km/gal.

4. If burning 1 gal of gasoline
produces 9 kg of carbon
dioxide, how much carbon
dioxide did the vehicle
release during the month?

global warming a gradual increase

in the average global temperature

greenhouse effect the warming
of the surface and lower atmosphere
of Earth that occurs when carbon

dioxide, water vapor, and other gases

in the air absorb and trap thermal

energy

134
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Climate

Global Warming

A gradual increase in the average global temperature that is
due to a higher concentration of gases, such as carbon diox-
ide in the atmosphere, is called global warming. To understand
how global warming works, you must first learn about the
greenhouse effect.

Greenhouse Effect

The Earth’s natural heating process, in which gases in the atmos-
phere trap thermal energy, is called the greenhouse effect. The
car in Figure 6 shows how the greenhouse effect works. The
car’'s windows stop most of the thermal energy from escap-
ing, and the inside of the car gets hot. On Earth, instead of
glass stopping the thermal energy, atmospheric gases absorb
the thermal energy. When this happens, the thermal energy
stays in the atmosphere and keeps the Earth warm. Many
scientists believe that the rise in global temperatures is due
to an increase of carbon dioxide, an atmospheric gas. Most
evidence shows that the increase in carbon dioxide is caused
by the burning of fossil fuels.

Another factor that may add to global warming is the clear-
ing of forests. In many countries, forests are being burned to
clear land for farming. Burning of the forests releases more
carbon dioxide. Because plants use carbon dioxide to make
food, destroying the trees decreases a natural way of removing
carbon dioxide from the atmosphere.

Figure 6 Sunlight streams into
the car through the clear, glass
windows. The seats absorb the
radiant energy and change it into
thermal energy. The energy is
then trapped in the car.
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Consequences of Global Warming

Many scientists think that if the global temperature continues
to rise, the ice caps will melt and cause flooding. Melted ice-
caps would raise the sea level and flood low-lying areas, such
as the coasts.

Areas that receive little rainfall, such as deserts, might
receive even less because of increased evaporation. Desert
animals and plants would find surviving harder. Warmer and
drier climates could harm crops in the Midwest of the United
States. But farther north, such as in Canada, weather condi-
tions for farming could improve.

' (Ll N e @ How would warmer temperatures affect

deserts?

SECTION
Review

Using Key Terms

1. Use the following term in a sen-
tence: ice age.

2. In your own words, write a defi-
nition for each of the following
terms: global warming and green-
house effect.

Summaryj

@ The Earth's climate expe-

riences glacial and inter- Understanding Key Ideas

glacial periods. 3. Describe the possible causes of an
@ The Milankovitch theory ice age.

states that the Earth_’s 4. Which of the following can cause

CI'”_‘ate change_:s as Its a change in the climate due to

orI_Jlt and the tilt of its dust particles?

axis change.

a. volcanic eruptions
b. plate tectonics
c. solar cycles

@ Climate changes can be
caused by volcanic erup-
tions, asteroid impact,

the sun’s cycle, and by d. ice ages

global warming. 5. How has the Earth’s climate
@ Excess carbon dioxide is changed over time?

believed to contribute to 6. What might have caused the

global warming. Earth’s climate to change?

7. Which period of an ice age are we
in currently? Explain.

8. Explain how the greenhouse
effect warms the Earth.
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A

ScHoOL to Hopy

N4

Reducing Pollution

Your city just received a
warning from the Environ-
mental Protection Agency for
exceeding the automobile fuel
emissions standards. Discuss
with your parent ways that the
city can reduce the amount of
automobile emissions.

peTiVily

Math Skills

9. After a volcanic eruption, the
average temperature in a region
dropped from 30° to 18°C. By
how many degrees Celsius did
the temperature drop?

Critical Thinking

10. Analyzing Relationships How
will the warming of the Earth
affect agriculture in different
parts of the world? Explain.

11. Predicting Consequences How
would deforestation (the cutting
of trees) affect global warming?

S C[ INKS., B e e
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Interpret data in a
climatograph.

Identify the biome for each
climatograph.

Tundra
[ Taiga
[ Temperate forest
I Tropical rain forest
Temperate grassland
[ Tropical savanna
[0 Temperate desert
Tropical desert

I Chaparral
Mountains

Equator

136 Chapter 4 Climate

Biome Business

You have just been hired as an assistant to a world-famous
botanist. You have been provided with climatographs for three
biomes. A climatograph is a graph that shows the monthly
temperature and precipitation of an area in a year.

You can use the information provided in the three graphs
to determine what type of climate each biome has. Next to
the climatograph for each biome is an unlabeled map of the
biome. Using the maps and the information provided in the
graphs, you must figure out what the environment is like in
each biome. You can find the exact location of each biome
by tracing the map of the biome and matching it to the map
at the bottom of the page.

Procedure

Q Look at each climatograph. The shaded areas show the aver-
age precipitation for the biome. The red line shows the aver-
age temperature.

0 Use the climatographs to determine the climate patterns for
each biome. Compare the map of each biome with the map
below to find the exact location of each biome.
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Analyze Results Draw_Conclusions

@ Analyzing Data Describe the precipitation ) Drawing Conclusions Name each biome.
patterns of each biome by answering the fol-

Applying Conclusions Where is each biome
lowing questions: O Applying

located?
a. In which month does the biome receive the
most precipitation? Biome B
b. Do you think that the biome is dry, or do
you think that it is wet from frequent rains?

50 40
© Analyzing Data Describe the temperature 45 30
patterns of each biome by answering the fol- 40 20
lowing questions: E 35 10 O
a. In the biome, which months are warmest? £ 30 o 9
- =
b. Does the biome seem to have temperature ® 25 -10 ®
cycles, like seasons, or is the temperature ;‘,‘ 20 -20 é’.
2 o
almost alv.vays the sam(?. . £ 30 @
c¢. Do you think that the biome is warm or 10 _40
cold? Explain. 5 II _50
0 -60
JFMAMJ JASOND
Biome A Month
50 40
45 Biome C
40
€ 35 o 50 40
5 30 g 45 30
1 =
8 25 ® 40 20
220 a € 35 10 O
9 £ < <
& 15 < § 30 o £
10 & 25 -10 ®
a v
5 220 -20 &
(Y
-6 = 15 -30 2
O FMAMJ J ASOND 0 110 40"
Month -
5 -50

O FMAMJ JASOND _
Month
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USING KEY TERMS

For each pair of terms, explain how the
meanings of the terms differ.

@ viome and tropical zone
© weather and climate
© iemperate zone and polar zone

Complete each of the following sen-
tences by choosing the correct term
from the word bank.

biome microclimate
ice age global warming

© One factor that could add to ___is an
increase in pollution.

© A city is an example of a(n) __.

UNDERSTANDING KEY IDEAS

Multiple Choice

© Which of the following is a factor that
affects climate?
a. prevailing winds
b. latitude
¢. ocean currents
d. All of the above

@ The biome that has a temperature
range of 28°C to 32°C and an average
yearly precipitation of 100 cm is the
a. tropical savanna.

b. tropical desert.
c. tropical rain forest.
d. None of the above

138 Chapter 4 Climate

Chapter;Review;

0 Which of the following biomes is NOT
found in the temperate zone?
a. temperate forest
b. taiga
c¢. chaparral
d. temperate grassland

© In which of the following is the tilt of
the Earth’s axis considered to have an
effect on climate?
a. global warming
b. the sun’s cycle
c. the Milankovitch theory
d. asteroid impact

@ Which of the following substances
contributes to the greenhouse effect?
a. smoke
b. smog
c¢. carbon dioxide
d. All of the above

@ In which of the following climate
zones is the soil most fertile?
a. the tropical climate zone
b. the temperate climate zone
c. the polar climate zone
d. None of the above
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Short Answer

@ Why do higher latitudes receive
less solar radiation than lower lati-
tudes do?

@ How does wind influence precipitation
patterns?

@ Give an example of a microclimate.
What causes the unique temperature
and precipitation characteristics of
this area?

(D How are tundras and deserts similar?

(D How does deforestation influence
global warming?

(@ Concept Mapping Use the following
terms to create a concept map: global
warming, deforestation, changes in cli-
mate, greenhouse effect, ice ages, and the
Milankovitch theory.

(D Analyzing Processes Explain how
ocean surface currents cause milder
climates.

(D Identifying Relationships Describe how
the tilt of the Earth’s axis affects sea-
sonal changes in different latitudes.

@) Evaluating Conclusions Explain why
the climate on the eastern side of the
Rocky Mountains differs drastically
from the climate on the western side.

¢ Applying Concepts What are some
steps you and your family can take to
reduce the amount of carbon dioxide
that is released into the atmosphere?

Copyright © by Holt, Rinehart and Winston. All rights reserved.

€ Applying Concepts If you wanted to
live in a warm, dry area, which biome
would you choose to live in?

® Evaluating Data Explain why the veg-
etation in areas that have a tundra cli-
mate is sparse even though these areas
receive precipitation that is adequate
to support life.

INTERPRETING GRAPHICS

Use the diagram below to answer the
questions that follow.

@ At what position—1, 2, 3, or 4—is it
spring in the Southern Hemisphere?

€ At what position does the South Pole
receive almost 24 hours of daylight?

€ Explain what is happening in each
climate zone in both the Northern and
Southern Hemispheres at position 4.

Chapter Review
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EOG Prep

Read each of the passages below. Then, answer the questions

that follow each passage.

Passage 1 Earth’s climate has gone through
many changes. For example, 6,000 years ago
today’s desert in North Africa was grassland and
shallow lakes. Hippopotamuses, crocodiles, and
early Stone Age people shared the shallow lakes
that covered the area. For many years, scientists
have known that Earth’s climate has changed.
What they didn’t know was why it changed.
Today, scientists can use supercomputers and
complex computer programs to help them find
the answer. Now, scientists may be able to decipher
why North Africa’s lakes and grasslands became
a desert. And that information may be useful for
predicting future heat waves and ice ages.

1. In this passage, what does decipher mean?
A to question
B to cover up
C to explain
D to calculate

2. According to the passage, which of the
following statements is true?

F Scientists did not know that Earth’s climate
has changed.

G Scientists have known that Earth’s climate
has changed.

H Scientists have known why Earth’s climate
has changed.

I Scientists know that North Africa was
always desert.

3. Which of the following is a fact in the passage?
A North African desert areas never had lakes.

B North American desert areas never had
lakes.

C North African desert areas had shallow
lakes.

D North Africa is covered with shallow lakes.
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Passage 2 El Nifio, which is Spanish for “the
child,” is the name of a weather event that occurs
in the Pacific Ocean. Every 2 to 12 years, the inter-
action between the ocean surface and atmospheric
winds creates El Niflo. This event influences
weather patterns in many regions of the world.
For example, in Indonesia and Malaysia, El Nifio
meant drought and forest fires in 1998. Thousands
of people in these countries suffered respiratory
ailments caused by breathing the smoke from
these fires. Heavy rains in San Francisco created
extremely high mold-spore counts. These spores
caused problems for people who have allergies.
In San Francisco, the spore count in February is
usually between 0 and 100. In 1998, the count
was often higher than 8,000.

1. In this passage, what does drought mean?
A windy weather
B stormy weather
C long period of dry weather
D rainy weather

2. What can you infer about mold spores from
reading the passage?
F Some people in San Francisco are allergic to
mold spores.
G Mold spores are only in San Francisco.

H A higher mold-spore count helps people
with allergies.

I The mold-spore count was low in 1998.

3. According to the passage, which of the
following statements is true?

A El Nifio causes droughts in Indonesia and
Malaysia.

B El Nifio occurs every year.

C El Nifio causes fires in San Francisco.

D El Nifio last occurred in 1998.
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INTERPRETING GRAPHICS

The chart below shows types of organisms
in an unknown biome. Use the chart below
to answer the questions that follow.

Organisms in an Unknown Biome
9 30
©
E
.2
a]
e 20 "
2]
5 3 2 £
(%] =) %] o (@)
= r
% 10HZ=HEH8H S |
o] <= b= 0 1
= Cllm| | E
9] S8~
2
g o
Type of organism

1. Biomass is a term that means “the total mass of
all living things in a certain area.” The graph
above shows the relative percentages of the
total biomass for different plants and animals
in a given area. What type of biome does the
graph represent?

A rain forest
B chaparral
C tundra

D taiga

2. Approximately what percentage of biomass is
made up of caribou?

F 28%
G 25%
H 16%
I 5%

3. Approximately what percentage of biomass is
made up of lichens and mosses?

A 45%
B 35%
C 25%
D 16%

Copyright © by Holt, Rinehart and Winston. All rights reserved.

. Earth is tilted on its axis at a 23.5° angle.

. After a volcanic eruption, the average

Read each question below, and choose the
best answer.

. In a certain area of the savanna that is 12 km

long and 5 km wide, there are 180 giraffes.
How many giraffes are there per square
kilometer in this area?

A 12
B 6
C 4
D 3

. If the air temperature near the shore of a lake

measures 24°C and the temperature increases
by 0.055°C every 10 m traveled away from the
lake, what would the air temperature 1 km
from the lake be?

F 5°C
G 25°C
H 29.5°C
I 35°C

. In a temperate desert, the temperature

dropped from 50°C at noon to 37°C by
nightfall. By how many degrees Celsius
did the noon temperature drop?

A 13°C
B 20°C
C 26°C
D 50°C

What is the measure of the angle that is
complementary to a 23.5° angle?

F 66.5°
G 67.5°
H 156.5°
I 336.5°

temperature in a region dropped from 30°C to
18°C. By what percentage did the temperature
drop?

A 30%

B 25%

C 40%

D 15%

uonesedald 1s9] pazipiepuels
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Science
in Action

Scientific Debate

Global Warming

Many scientists believe that pollution from
burning fossil fuels is causing temperatures
on Earth to rise. Higher average tempera-
tures can cause significant changes in cli-
mate. These changes may make survival
difficult for animals and plants that have
adapted to a biome.

However, other scientists believe that
there isn’t enough evidence to prove that
global warming exists. They argue that any
increase in temperatures around the world
can be caused by a number of factors other
than pollution, such as the sun’s cycle.

Language Arts _A;JVIT}'

ULILTTI  Read articles that present a
SKILL variety of viewpoints on global
warming. Then, write your own article sup-
porting your viewpoint on global warming.

142 Chapter 4 Climate

Science, Technology,
and Society

Ice Cores

How do scientists know what Earth’s climate
was like thousands of years ago? Scientists
learn about Earth’s past climates by studying
ice cores. An ice core is collected by drilling a
tube of ice from glaciers and polar ice sheets.
Layers in the ice core contain substances that
landed in the snow during a particular year
or season, such as dust from desert storms,
ash from volcanic eruptions, and carbon
dioxide from pollution. By studying the
layers of the ice cores, scientists can learn
what factors influenced the past climates.

math BTiVi ily

An area has an average yearly rainfall of
20 cm. In 1,000 years, if the average yearly
rainfall decreases by 6%, what would the
new average yearly rainfall be?
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Mercedes Pascual

Climate Change and Disease Mercedes
Pascual is a theoretical ecologist at the Uni-
versity of Michigan. Pascual has been able to
help the people of Bangladesh save lives by
using information about climate changes to
predict outbreaks of the disease cholera. Chol-
era can be a deadly disease that people usually
contract by drinking contaminated water.
Pascual knew that in Bangladesh, outbreaks of
cholera peak every 3.7 years. She noticed that
this period matches the frequency of the El
Nifio Southern Oscillations, which is a weather
event that occurs in the Pacific Ocean. El Nifio
affects weather patterns in many regions of the
world, including Bangladesh. El Nifio increases
the temperatures of the sea off the coast of Ban-
gladesh. Pascual found that increased sea tem-
peratures lead to higher numbers of the bacteria
that cause cholera. In turn, more people contract
cholera. But because of the research conducted
by Pascual and other scientists, the people of
Bangladesh can better predict and prepare for
outbreaks of cholera.

Social Studies BS«'IIYLIK

ITIIHT9 Research the effects of El Nifo.
SKILL \vrite a report describing

El Niflo and its affect on a country other
than Bangladesh.

People in Science

To learn more about these
Science in Action topics, visit
go.hrw.com and type in the

keyword HZ5CLMF.

Check out Current Science®
articles related to this chapter
by visiting go.hrw.com. Just
type in the keyword HZ5CS17.

Science in Action
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TIMELINE

Systems

Like a finely tuned machine,
your body is made up of
many systems that work
together. Your lungs take in
oxygen. Your brain reacts to
things you see, hear, and
smell and sends signals
through your nervous sys-
tem that cause you to react
to those things. Your diges-
tive system converts the
food you eat into energy
that the cells of your body
can use. And those are just
a few things that your body
can do!

In this unit, you will study
the systems of your body.
You'll discover how the
parts of your body work
together.

144 Unit 2

AN
Around

3000 BCE

Ancient Egyptian doctors
: By are the first to study the
e human body scientifically.

b9

1766

Albrecht von Haller determines that
nerves control muscle movement
and that all nerves are connected
to the spinal cord or to the brain.

—

Jean Louis
Prevost and Jean
Batiste Dumas
prove that sperm
is essential for
fertilization.

1940

During World War Il in
ltaly, Rita Levi-Montalcini
is forced to leave her
work at a medical school
laboratory because she
is Jewish. She sets up

a laboratory in her
bedroom and studies
the development of the
nervous system.
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v VvV
1492 1543 1616

Christopher Andreas Vesalius William Harvey discovers
Columbus publishes the that blood circulates

Around
500 BCE

Indian surgeon
Susrata performs

° lands in the first complete and that the
operatlonstzo . West Indies. description of heart acts 5
remove cataracts. the structure of as a pump.

the human body.

1893 1922

Daniel Hale Williams, an Frederick Banting, Karl Landsteiner receives a Nobel
African American surgeon, Charles Best, and Prize for his discovery of the
becomes the first person John McLeod four human blood types.

to repair a tear in the discover insulin.
pericardium, the sac

around the heart.

1982 1998 2001

Dr. William DeVries The first sucessful hand Drs. Laman A. Gray, Jr. and Robert D. Dowling at
implants an artificial transplant is performed Jewish Hospital in Louisville, Kentucky, implant
heart in Barney Clark. in France. the first self-contained mechanical human heart.

( %ﬂ
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FOLDNOTES| Four-Corner Fold
| Before you read the chap-

. =, ' ter, create the FoldNote
About the .‘PW entitled “Four-Corner Fold” described in
the Study Skills section of the Appendix.
Lance Armstrong has won the Tour de France Label the flaps of the four-corner fold

several times. These victories are especially with “The skeletal system,” “The mus-
cular system,” and “The integumentary

remarkable because he was diagnosed with o=
) ) e system.” Write what you know about
cancer in 1996. But with medicine and hard each topic under the

work, he grew strong enough to win one of appropriate flap. As
the toughest events in all of sports. you read the chapter,
add other informa- . ’

tion that you learn.
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Too Cold for Comfort

Your nervous system sends you messages about your
body. For example, if someone steps on your toe,
your nervous system sends you a message. The pain
you feel is a message that tells you to move your
toe to safety. Try this exercise to watch your nervous
system in action.

Procedure

1. Hold a few pieces of ice in one hand. Allow the
melting water to drip into a dish. Hold the ice
until the cold is uncomfortable. Then, release the
ice into the dish.

2. Compare the hand that held the ice with your
other hand. Describe the changes you see.

Copyright © by Holt, Rinehart and Winston. All rights reserved.
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Analysis

1. What message did you receive from your nervous
system while you held the ice?

2. How quickly did the cold hand return to normal?

3. What organ systems do you think helped restore
your hand to normal?

4.Think of a time when your nervous system sent
you a message, such as an uncomfortable feeling
of heat, cold, or pain. How did your body react?

Body Organization and Structure 147



B READING WARM-UP

Objectives

@® Describe homeostasis and what
happens when it is disrupted.

@ Describe how tissues, organs, and
organ systems are related.

@ List 12 organ systems.

@ Identify how organ systems work
together to maintain homeostasis.

Terms to Learn

homeostasis

tissue
organ

READING STRATEGY

Reading Organizer As you read this

section, make a concept map by using

the terms above.

homeostasis the maintenance
of a constant internal state in a
changing environment

Figure 1 These penguins
have adaptations that help
them maintain homeostasis
in the cold environment in
which they live.

148 Chapter 5

Introduction to
Body Systems

Imagine jumping into a lake. At first, your body feels very
cold. You may even shiver. But eventually you get used to
the cold water. How does this happen?

Your body gets used to cold water because of homeostasis
(HOH mee OH STAY sis). Homeostasis is the maintenance of a
stable internal environment in the body. When you jump into
a cold lake, homeostasis helps your body stay warm.

Staying in Balance

The environment around you is always changing. Your body
has to adjust to these conditions. For example, generally, on
a hot day, your body is able to react to maintain your body
temperature and avoid overheating. As shown in Figure 1, all
living organisms have to maintain homeostasis.

Maintaining homeostasis is not easy. Your body needs nutri-
ents and oxygen. Your body needs wastes removed. And your
body needs to defend itself against disease. A single cell cannot
do all of these jobs for the entire body. Fortunately, your body
has many kinds of cells. Some cells remove wastes. Other cells
carry oxygen or defend your body against disease. Together,
these cells help your internal environment stay stable.

Body Organization and Structure
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Falling Out of Balance

Sometimes, your body cannot maintain homeostasis.
For example, if you don’t eat the right foods, your
cells may not get the nutrients they need. Maybe
your body systems can’t fight off a disease caused by
bacteria or viruses. So, homeostasis is disrupted. What
happens when homeostasis is disrupted? Cells may be
damaged or may die. When this happens, you can
become sick, as shown in Figure 2. Sometimes, people
die when homeostasis is disrupted.

Temperature Regulation

When you are hot, your body gives off heat. You also
sweat. When sweat evaporates from your skin, your
body is cooled. Sweating is a process that helps your
body maintain homeostasis. Sometimes, the body can-
not cool down. This happens when cells do not get
what they need, such as water for sweat. If the body
gets too hot, cells may be damaged.

The body also has ways to keep you warm on cold
days. When you are cold, you shiver, which helps you _
stay warm. Sometimes, the body cannot stay warm. Figure 2 When homeostasis is disrupted,
Body temperature falls below normal in a condition a person can become sick.
called hypothermia.

Moving Materials

Your cells need nutrients for life processes. If nutrients are not
delivered, the cells cannot complete their life processes. So, the
cells will die. These life processes often make wastes, which
must be removed from cells. Many wastes are toxic. If a cell
cannot get rid of them, the wastes will damage the cell.

' (LG Ne T d Explain the importance of moving materials
into and out of cells. (See the Appendix for answers to Reading Checks.)

CONNECT.ION TO
Chemistry,

UL  Adapting After Surgery People can survive the
SKILL cmoval of some parts of the body. For example, doc-
tors may remove a patient’s gall bladder, spleen, or large intestine
because of disease or injury. However, the patient’s body must
make adjustments to maintain a stable internal environment.
Examine how the body adjusts to the loss of a body part due to
disease or injury. Identify how the body changes in order to main-
tain a stable internal environment. In your science journal, write
a newspaper article about your findings.

Section 1 Introduction to Body Systems 149
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tissue a group of similar cells that
perform a common function

' Epithelial tissue covers and pro-
tects underlying tissue. When you
look at the surface of your skin,

| you see epithelial tissue. The cells
form a continuous sheet.

150 Chapter 5 Body Ofganization and St'mc'gure*:"“

Body Organization

As you may know, your body is made up of billions of cells. A
cell is the basic unit of all living things. You have many kinds
of cells. For example, you have muscle cells and nerve cells.

Cells Form Tissues

Various kinds of cells make up the parts of the body. These
cells work together in much the same way that players on a
soccer team do. Just as each person on a soccer team has a role
during a game, each cell in your body has a job in maintain-
ing homeostasis. For example, muscle cells are cells that can
contract, or become shorter. They allow movement. Nerve cells
receive and transmit electrical impulses, or messages.

A group of similar cells working together forms a tissue.
Your body has four main kinds of tissue. The four kinds of
tissue are shown in Figure 3. Each kind of tissue is made up
of its own kind of cells. For example, muscle cells make up
muscle tissue, and nerve cells make up nervous tissue.

Each kind of tissue may have variations based on the
specific function of the tissue. For example, both bone and
blood are kinds of connective tissue. However, the tissues differ.
The connective tissue of bones supports the body and protects
organs, so it is a solid. The connective tissue of blood moves
throughout the body, so it is a liquid.

' (LG Ne s @ How are cells and tissues related?

Nervous tissue sends
electrical signals through
the body. It is found in
the brain, nerves, and
sense organs.

* e,



Organization of the Stomach

The stomach is an organ.
The four kinds of tissue work
together so that the stomach
can carry out digestion.

Nervous tissue in the stomach partly
controls the production of acids that
aid in the digestion of food. Nervous
tissue signals when the stomach is full.

Epithelial tissue lines the

Blood and another connective — stomach.

tissue called collagen are found ' .
in the wall of the stomach. Layers of muscle tissue break
- ’

up and mix stomach contents.

Tissues Form Organs

One kind of tissue alone cannot do all of the things that
several kinds of tissue working together can do. Two or more

tissues working together form an organ. Your stomach, shown in organ a collection of tissues that
Figure 4, uses all four kinds of tissue to carry out digestion. tc;:‘")l’jozt a specialized function of
e body

Organs Form Systems

Your stomach does a lot to help you digest your food. But
the stomach doesn’t do it all. Your stomach works with other
organs, such as the small and large intestines, to digest your
food. Organs that work together make up an organ system.

' ([l N s @ How is the stomach part of an organ system?

Muscle tissue

is made of cells . :

that contract and | . = e . T ~ Connective tissue

relax to produce : - . - e - : Ty joins, supports,

movement. \ = Wi , ' N .~ protects, insulates,

#ei™ ; nourishes, and
cushions organs. It
also keeps organs
from falling apart.




Working Together

Organ systems work together to maintain homeostasis. Your
body has 12 major organ systems, as shown in Figure 5. The
circulatory and cardiovascular systems are shown together. The
cardiovascular system includes your heart and blood vessels.
Additionally, these organs are part of the circulatory system,
which also includes blood. Together, these two systems deliver
the materials your cells need to survive. This is just one example
of how organ systems work together to keep you healthy.

' (Ll N T8 Give an example of how organ systems work
together in the body.

@i TICED Organ Systems

== \
Tae
I
— | ‘I-;_r 4'T+
.|: r
3
7
~ 2 & 3y &
Integumentary System  Muscular System Your Skeletal System Your Cardiovascular and
Your skin protects you muscular system works bones provide a frame Circulatory Systems
from disease and regu- with the skeletal system  to support and protect Your heart pumps blood
lates body temperature. to help you move. your body parts. through all of your

blood vessels.

\ ¢
\ /|

( fﬁl = ;/ =
?"-1; b Y

Respiratory System Urinary System Your Male Reproductive Female Reproductive
Your lungs absorb oxy- urinary system removes System The male System The female
gen and release carbon wastes from the blood reproductive system reproductive system
dioxide. and regulates your produces and delivers produces eggs and
body’s fluids. sperm. nourishes and protects
the fetus.
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| |
Nervous System Your Digestive System Your Lymphatic System Endocrine System
nervous system receives  digestive system breaks The lymphatic system Your glands send out
and sends electrical down the food you eat returns leaked fluids to chemical messages,
messages throughout into nutrients that your blood vessels and helps which control body
your body. body can absorb. defend against disease. functions.

SECTION
Review

Using Key Terms Critical Thinking

1. In your own words, write a defi- 5. Applying Concepts The circu-
nition for the term homeostasis. latory system delivers nutrients
to cells in the body. What might
Understanding Key Ideas happen to homeostasis if this

system were disrupted? Explain

2. Which of the following state- your answer.

ments describes how tissues,

organs, and organ systems are 6. Predicting Consequences Pre-
related? dict what might happen if the

human body did not have spe-
cialized cells, tissues, organs,
and organ systems to maintain

Summary,

® Homeostasis is the

maintenance of a stable ] )
|nternal env"onment a. Ol‘gans fOIIIl tlSSUES, Wthh

@® A group of cells that form organ systems.

work together is a b. Organ systems form organs, homeostasis.
tissue. Tissues form which form tissues.
organs. Organs that c. Tissues form organs, which
work together form form organ systems. SC ;
organ systems. d. None of the above [ INKS
@ There are 12 major 3. List the 12 organ systems. e AT e e

organ systems in the National Science Teachers Association

human body. Math Skills

@ Organ systems work
together to help 4. The human skeleton has 206
the body maintain bones. The human skull has
homeostasis. 22 bones. What percentage of
human bones are skull bones?

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Tissues and Organs; Body Systems
SciLinks code: HSM1530; HSM0184
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The Skeletal System

When you hear the word skeleton, you may think of the
remains of something that has died. But your skeleton is
not dead. It is very much alive.

READING WARM-UP You may think your bones are dry and brittle. But they are
Objectives alive and active. Bones, cartilage, and the connective tissue
@ Identify the major organs of the that holds bones together make up your skeletal system.

skeletal system.
@ Describe four functions of bones. Bones

Describe three joints.
: List three injuri]es and two diseases The average adult human skeleton has 206 bones. Bones help

that affect bones and joints. support and protect parts of your body. They work with your
muscles so you can move. Bones also help your body main-
tain homeostasis by storing minerals and making blood cells.
Figure 1 shows the functions of your skeleton.

Terms to Learn
skeletal system
joint

READING STRATEGY

Reading Organizer As you read this
section, create an outline of the section.
Use the headings from the section in
your outline.

skeletal system the organ system
whose primary function is to support
and protect the body and to allow Patella
the body to move /

A}F\Tibia
/J\ Fibula

—r Pelvic
- girdle

B Vertebral
' - column

Protection Your heart Storage Bones store Movement Skeletal Blood Cell Formation
and lungs are protected minerals that help your muscles pull on bones Some of your bones

by ribs, your spinal cord  nerves and muscles to produce movement. are filled with a special
is protected by verte- function properly. Long Without bones, you material that makes
brae, and your brain is bones store fat that can would not be able to sit, blood cells. This material
protected by the skull. be used for energy. stand, walk, or run. is called marrow.

154 Chapter 5 Body Organization and Structure
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Blood vessels

Cartilage

Marrow

\ Compact bone

Spongy bone

Bone Structure

A bone may seem lifeless. But a bone is a living organ made
of several different tissues. Bone is made of connective tissue
and minerals. These minerals are deposited by living cells called
osteoblasts (AHS tee oh BLASTS).

If you look inside a bone, you will notice two kinds of
bone tissue. If the bone tissue does not have any visible open
spaces, it is called compact bone. Compact bone is rigid and
dense. Tiny canals within compact bone contain small blood
vessels. Bone tissue that has many open spaces is called spongy
bone. Spongy bone provides most of the strength and support
for a bone.

Bones contain a soft tissue called marrow. There are two
types of marrow. Red marrow produces both red and white
blood cells. Yellow marrow, found in the central cavity of long
bones, stores fat. Figure 2 shows a cross section of a long bone,
the femur.

Bone Growth

Did you know that most of your skeleton used to be soft
and rubbery? Most bones start out as a flexible tissue called
cartilage. When you were born, you didn’t have much true
bone. But as you grew, most of the cartilage was replaced by
bone. During childhood, most bones still have growth plates
of cartilage. These growth plates provide a place for bones to
continue to grow.

Feel the end of your nose. Or bend the top of your ear.
These areas are two places where cartilage is never replaced
by bone. These areas stay flexible.

WAZTITXITId How do bones grow? (See the Appendix for answers
to Reading Checks.)

Section 2 The Skeletal System

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Figure 2 In children, red
marrow fills the center of long
bones. This red marrow is
replaced with yellow marrow
as children become adults.

QUick;§as)

=

¢

Pickled Bones

2.

Place a clean chicken
bone in a jar of vinegar.“

After 1 week, remove the
bone and rinse it with
water.

. Describe the changes that

you can see or feel.

. How has the bone's

strength changed?

. What did the vinegar

remove?
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| Figure 3 TR LIS

Gliding Joint

Ball-and-Socket Joint Hinge Joint

Gliding joints allow bones in the As a video-game joystick lets you As a hinge allows a door to open

hand and wrist to glide over one move your character all around, and close, the knee enables you
another and give some flexibility the shoulder lets your arm move to flex and extend your lower leg.
to the area. freely in all directions.

bones meet

156

Chapter 5

Joints
joint a place where two or more A place where two or more bones meet is called a joint. Your

joints allow your body to move when your muscles contract.
Some joints, such as fixed joints, allow little or no movement.
Many of the joints in the skull are fixed joints. Other joints,
such as your shoulder, allow a lot of movement. Joints can
be classified based on how the bones in a joint move. For
example, your shoulder is a ball-and-socket joint. Three joints
are shown in Figure 3.

Joints are held together by ligaments (LIG uh muhnts).
Ligaments are strong elastic bands of connective tissue. They
connect the bones in a joint. Also, cartilage covers the ends
of many bones. Cartilage helps cushion the area in a joint
where bones meet.

WLTITTTELITIA Describe the basic structure of joints.

“ CONNECTION!TO.* -

2Environmental;Science

Bones from the Ocean Sometimes, a bone or joint
SKILL may become so damaged that it needs to be repaired
or replaced with surgery. Often, replacement parts are made from a
metal, such as titanium. However, some scientists have discovered
that coral skeletons from coral reefs in the ocean can be used to
replace human bone. Research bone surgery. Identify why doctors
use metals such as titanium. Then, identify the advantages that
coral may offer. Write a report discussing your findings.

e R a0

Body Organization and Structure
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Skeletal System Injuries and Diseases

Sometimes, parts of the skeletal system are injured.
As shown in Figure 4, bones may be fractured, or
broken. Joints can also be injured. A dislocated joint
is a joint in which one or more bones have been
moved out of place. Another joint injury, called a
sprain, happens if a ligament is stretched too far
or torn.

There are also diseases of the skeletal sys-
tem. Osteoporosis (aHs tee oH puh ROH sis) is a
disease that causes bones to become less dense.
Bones become weak and break more easily. Age
and poor eating habits can make it more likely
for people to develop osteoporosis. Other bone
diseases affect the marrow or make bones soft.
A disease that affects the joints is called arthritis
(ahr THRIET is). Arthritis is painful. Joints may swell
or stiffen. As they get older, some people are more Figure 4 This X ray shows that the two

likely to have some types of arthritis. bones of the forearm have been fractured,
or broken.

i

# SECTION
Review

Using Key Terms Critical Thinking

1. In your own words, write a 7. Identifying Relationships Red
definition for the term skeletal bone marrow produces blood
system. cells. Children have red bone

marrow in their long bones,
Understanding Key Ideas while adults have yellow bone
m ] o marrow, which stores fat. Why
2. Which of the following is NOT might adults and children have
@ The skeletal system an organ of the skeletal system? different kinds of marrow?
includes bones, f:arti!age, a. bon'e 8. Predicting Consequences
and the connective tis- b. cartilage

What might happen if children'’s
bones didn’t have growth plates
@ Bones protect the body, d. None of the above of cartilage?
store minerals, allow
movement, and make

blood cells. 4. What are three joints? g
5C [
INKS.

sue that connects bones. c. muscle

3. Describe four functions of bones.

@ Joints are places where 5. Describe two diseases that affect

two or more bones the skeletal system. Developed and maintained by the
meet. National Science Teachers Association

For a variety of links related to this
chapter, go to www.scilinks.org

@ sSkeletal system injuries Math Skills
include fractures, dis-
locations, and sprains.
Skeletal system diseases
include osteoporosis and
arthritis.

6. A broken bone usually heals in
about six weeks. A mild sprain
takes one-third as long to heal.
In days, about how long does it
take a mild sprain to heal?

Topic: Skeletal System
SciLinks code: HSM1399
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READING WARM-UP

Objectives
@ List three kinds of muscle tissue.

@® Describe how skeletal muscles move
bones.

@ Compare aerobic exercise with
resistance exercise.

@ Describe two muscular system
injuries.

Terms to Learn

muscular system

READING STRATEGY

Discussion Read this section silently.
Write down questions that you have
about this section. Discuss your ques-
tions in a small group.

Skeletal muscle
enables bones
to move.

Smooth muscle \

moves food through

the digestive system.
- 8 Y

The Muscular System

Have you ever tried to sit still, without moving any muscles
at all, for one minute? It’s impossible! Somewhere in your
body, muscles are always working.

You use muscles when you eat and breathe. Muscles, along with
your skeleton, hold you upright and let you move. If all of your
muscles rested at once, you would collapse. The muscular system
is made up of the muscles that let you move.

Kinds of Muscle

Figure 1 shows the three kinds of muscle in your body. Smooth
muscle is found in the digestive tract and in the walls of blood
vessels. Cardiac muscle is found only in your heart. Skeletal
muscle is attached to your bones for movement. Skeletal muscle
also helps protect your inner organs.

Muscle action can be voluntary or involuntary. Muscle
action that is under your control is voluntary. Muscle action
that is not under your control is involuntary. Smooth muscle
and cardiac muscle are involuntary muscles. Skeletal muscles
can be both voluntary and involuntary muscles. For example,
you can blink your eyes anytime you want to. But your eyes
will also blink automatically.

@i TP Three Kinds of Muscle

i
Cardiac muscle
' pumps blood
. around the body.

b T S 3
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@ TIL¥P A Pair of Muscles in the Arm

Skeletal muscles, such as the biceps and triceps muscles, work
in pairs. When the biceps muscle contracts, the arm bends.
When the triceps muscle contracts, the arm straightens.

Biceps \
muscle ! )
[ Triceps
| muscle
1
A
| \
:__f" L
B

Movement

Skeletal muscles can make hundreds of movements. You can
see many of these movements by watching a dancer, a swim-
mer, or even someone smiling or frowning. When you want
to move, signals travel from your brain to your skeletal muscle
cells. The muscle cells then contract, or get shorter.

Muscles Attach to Bones

Strands of tough connective tissue connect your skeletal mus-
cles to your bones. These strands are called tendons. When a
muscle that connects two bones gets shorter, the bones are
pulled closer to each other. For example, tendons attach the
biceps muscle to a bone in your shoulder and to a bone in
your forearm. When the biceps muscle contracts, your forearm
bends toward your shoulder.

Muscles Work in Pairs

Your skeletal muscles often work in pairs. Usually, one muscle
in the pair bends part of the body. The other muscle straight-
ens part of the body. A muscle that bends part of your body
is called a flexor (FLEKS uhr). A muscle that straightens part of
your body is an extensor (ek STEN suhr). As shown in Figure 2,
the biceps muscle of the arm is a flexor. The triceps muscle
of the arm is an extensor.

' (LT J Mo 9@ Describe how muscles work in pairs. (See the
Appendix for answers to Reading Checks.)

muscular system the organ
system whose primary function is
movement and flexibility

A
3
\

Power in Pairs

Ask a parent to sit in a chair
and place a hand palm up
under the edge of a table.
Tell your parent to apply
gentle upward pressure. Feel
the front and back of your
parent’s upper arm. Next, ask
your parent to push down

on top of the table. Feel your
parent’s arm again. What did
you notice about the muscles
in your parent’s arm when
he or she was pressing up?
pushing down?

\\

peTViTy
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Figure 3 This girl is
strengthening her heart and
improving her endurance by
doing aerobic exercise. This boy
is doing resistance exercise to
build strong muscles.

Use It or Lose It

What happens when someone wears a cast for a broken arm?
Skeletal muscles around the broken bone become smaller and
weaker. The muscles weaken because they are not exercised.
Exercised muscles are stronger and larger. Strong muscles can
help other organs, too. For example, contracting muscles
squeeze blood vessels. This action increases blood flow with-
out needing more work from the heart.

Certain exercises can give muscles more strength and endur-
ance. More endurance lets muscles work longer without getting
tired. Two kinds of exercise can increase muscle strength and
endurance. They are resistance exercise and aerobic exercise.
You can see an example of each kind in Figure 3.

Resistance Exercise

Resistance exercise is a great way to strengthen skeletal muscles.
During resistance exercise, people work against the resistance,
or weight, of an object. Some resistance exercises, such as curl-
ups, use your own weight for resistance.

Aerobic Exercise

Steady, moderately intense activity is called aerobic exercise.
Jogging, cycling, skating, swimming, and walking are aerobic
exercises. This kind of exercise can increase muscle strength.
However, aerobic exercise mostly strengthens the heart and
increases endurance.

CONNECTION TO =

Chemistnry,

Muscle Function Body chemistry is very important for healthy
muscle function. Spasms or cramps happen if too much sweating,
poor diet, or illness causes a chemical imbalance in muscles. Iden-
tify three chemicals that the body needs for muscles to work prop-
erly. Make a poster explaining how people can make sure that they

have enough of each chemical.

MeriVily
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Muscle Injury

Any exercise program should be started slowly. Starting slowly
means you are less likely to get hurt. You should also warm
up for exercise. A strain is an injury in which a muscle or
tendon is overstretched or torn. Strains often happen because
a muscle has not been warmed up. Strains also happen when
muscles are worked too hard.

People who exercise too much can hurt their tendons. The
body can’t repair an injured tendon before the next exercise
session. So, the tendon becomes inflamed. This condition is
called tendinitis. Often, a long rest is needed for the injured
tendon to heal.

Some people try to make their muscles stronger by taking
drugs. These drugs are called anabolic steroids (A nuh BAH lik
STER o1pbz). They can cause long-term health problems. Anabolic
steroids can damage the heart, liver, and kidneys. They can
also cause high blood pressure. If taken before the skeleton is
mature, anabolic steroids can cause bones to stop growing.

WLTITTTELTTd What are the risks of using anabolic steroids?

SECTION
Review

Using Key Terms

1. In your own words, write a
definition for the term muscular
system.

Understanding Key Ideas

2. Muscles
a. work in pairs.
b. move bones by relaxing.

c. get smaller when exercised.
d. All of the above

3. Describe three kinds of muscle.

Summary,

@ The three kinds of mus-
cle tissue are smooth
muscle, cardiac muscle,
and skeletal muscle.

@ Skeletal muscles work in
pairs. Skeletal muscles

contract to move bones. 4. List two kinds of exercise. Give
@ Resistance exercise an example of each.
improves muscle 5. Describe two muscular system

strength. Aerobic exer-
cise improves heart
strength and muscle
endurance.

@ Sstrains are injuries that
affect muscles and ten-
dons. Tendinitis affects
tendons.

injuries.

Math Skills

6. If Trey can do one curl-up every
2.5 s, about how long will it take
him to do 35 curl-ups?

Copyright © by Holt, Rinehart and Winston. All rights reserved.

A Tiy Praiics

Runner’'s Time

Jan has decided to enter a

5 km road race. She now
runs 5 km in 30 min. She
would like to decrease her
time by 15% before the race.
What will her time be when
she reaches her goal?

Critical Thinking

7. Applying Concepts Describe
some of the muscle action
needed to pick up a book.
Include flexors and extensors
in your description.

8. Predicting Consequences If

aerobic exercise improves heart
strength, what likely happens
to heart rate as the heart gets
stronger? Explain your answer.

S C[ INKS. Developed and maintained by the

National Science Teachers Association

For a variety of links related to this
chapter, go to www.scilinks.org

h

Topic: Muscular System
SciLinks code: HSM1008



READING WARM-UP

Objectives
@ List four functions of skin.
@® Describe the two layers of skin.

@ Describe the structure and function
of hair and nails.

@® Describe two kinds of damage that
can affect skin.

Terms to Learn
integumentary system
epidermis

dermis

READING STRATEGY

Paired Summarizing Read this section
silently. In pairs, take turns summariz-
ing the material. Stop to discuss ideas
that seem confusing.

integumentary system the organ
system that forms a protective cover-
ing on the outside of the body

Figure 1 Variety in skin color is
caused by the pigment melanin.
The amount of melanin varies
from person to person.

162

The Integumentary System

What part of your body has to be partly dead to keep you
alive? Here are some clues: It comes in many colors, it is the
largest organ in the body, and it is showing right now!

Did you guess your skin? If you did, you guessed correctly.
Your skin, hair, and nails make up your integumentary system
(in TEG yoo MEN tuhr ee SIS tuhm). The integumentary system
covers your body and helps you maintain homeostasis.

Functions of Skin
Why do you need skin? Here are four good reasons:

e Skin protects you by keeping water in your body and for-
eign particles out of your body.

e Skin keeps you in touch with the outside world. Nerve
endings in your skin let you feel things around you.

e Skin helps regulate your body temperature. Small organs
in the skin called sweat glands make sweat. Sweat is a
salty liquid that flows to the surface of the skin. As sweat
evaporates, the skin cools.

e Skin helps get rid of wastes. Several kinds of waste chemi-
cals can be removed in sweat.

As shown in Figure 1, skin comes in many colors. Skin color
is determined by a chemical called melanin. If a lot of melanin
is present, skin is very dark. If little melanin is present, skin is
very light. Melanin absorbs ultraviolet light from the sun. So,
melanin reduces damage that can lead to skin cancer. However,
all skin, even dark skin, is vulnerable to cancer. Skin should
be protected from sunlight whenever possible.

Copyright © by Holt;. Rinehart and Winston. All rights reserved.



@ 7TLY P Structures of the Skin

Beneath the surface, your skin is a
complex organ made of blood vessels,
nerves, glands, and muscles.

Hair

Blood vessels transport substances Epidermis

and help regulate body temperature. L $

Nerve fibers carry messages to and
from the brain.

. . . . . Dermis —

Hair follicles in the dermis make hair.

Muscle fibers attached to a hair

follicle can contract and cause the -~

hair to stand up. Fat cells {_ /=

Oil glands release oil that keeps hair

flexible and waterproofs the epidermis. Sweat
gland

Sweat glands release sweat to cool
the body. Sweating is also a way to
remove waste materials from the body.

Layers of Skin

Skin is the largest organ of your body. In fact, the skin of an
adult covers an area of about 2 m? However, there is more
to skin than meets the eye. Skin has two main layers: the
epidermis (P uh DUHR mis) and the dermis. The epidermis is
the outermost layer of skin. You see the epidermis when you
look at your skin. The thicker layer of skin that lies beneath
the epidermis is the dermis.

Epidermis

The epidermis is made of epithelial tissue. Even though the
epidermis has many layers of cells, it is as thick as only two
sheets of paper over most of the body. It is thicker on the
palms of your hands and on the soles of your feet. Most cells
in the epidermis are dead. These cells are filled with a protein
called keratin. Keratin helps make the skin tough.

Dermis

The dermis lies beneath the epidermis. The dermis has many
fibers made of a protein called collagen. These fibers provide
strength. They also let skin bend without tearing. The dermis
contains many small structures, as shown in Figure 2.

WLTITTIELTTIA Describe the dermis. How does it differ from
the epidermis? (See the Appendix for answers to Reading Checks.)

il gland

\/ o

Muscle fibers

Fat cells vessels

epidermis the surface layer of cells
on a plant or animal

dermis the layer of skin below the
epidermis

Your
epidermis is

showing!
|
Ly %
R
'\
-
-,
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Figure 3 A hair is made up of layers of
dead, tightly packed, keratin-filled cells.
In nails, new cells are produced in the
nail root, just beneath the lunula. The
new cells push older cells toward the

outer edge of the nail.

SocialfStudies
I'LILTTd  Using Hair Many
SKILL {raditional cultures
use animal hair to make
products, such as rugs and
blankets. Identify a culture
that uses animal hair. In

your science journal, write

a report describing how the
culture uses animal hair.

e

conNNEcTION[TONIIF 4

Lunula

Nail body
Free edge

S €
NN
Hair and Nails

Hair and nails are important parts of the integumentary system.
Like skin, hair and nails are made of living and dead cells.
Figure 3 shows hair and nails.

A hair forms at the bottom of a tiny sac called a hair follicle.
The hair grows as new cells are added at the hair follicle. Older
cells get pushed upward. The only living cells in a hair are in
the hair follicle. Like skin, hair gets its color from melanin.

Hair helps protect skin from ultraviolet light. Hair also keeps
particles, such as dust and insects, out of your eyes and nose.
In most mammals, hair helps regulate body temperature. A
tiny muscle attached to the hair follicle contracts. If the fol-
licle contains a hair, the hair stands up. The lifted hairs work
like a sweater. They trap warm air around the body.

A nail grows from living cells in the nail root at the base
of the nail. As new cells form, the nail grows longer. Nails
protect the tips of your fingers and toes. So, your fingers and
toes can be soft and sensitive for a keen sense of touch.

' (LT N8 9@ Describe how nails grow.

Skin Injuries

Skin is often damaged. Fortunately, your skin can repair itself,
as shown in Figure 4. Some damage to skin is very serious.
Damage to the genetic material in skin cells can cause skin
cancer. Skin may also be affected by hormones that cause oil
glands in skin to make too much oil. This oil combines with
dead skin cells and bacteria to clog hair follicles. The result
is acne. Proper cleansing can help but often cannot prevent
this problem.

164 Chapter 5 Body Organization and Structure
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How Skin Heals

© A blood clot forms over a cut to stop bleeding
and to keep bacteria from entering the wound.
Bacteria-fighting cells then come to the area to

@ Damaged cells are replaced through cell
division. Eventually, all that is left on the
surface is a scar.

kill bacteria.

4 Blood clot
PO

Bacteria-

fighting cells

SECTION
Review

Summary,

@ Skin keeps water in the
body, keeps foreign par-
ticles out of the body,
lets people feel things
around them, regu-
lates temperature, and
removes wastes.

@ The two layers of skin
are the epidermis and
the dermis.

@ Hair grows from hair fol-
licles. Nails grow from
nail roots.

@ skin may develop
skin cancer. Acne may
develop if skin produces
too much oil.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Using Key Terms

1. In your own words, write a defi-
nition for each of the following
terms: integumentary system,
epidermis, and dermis.

Understanding Key Ideas
2. Which of the following is NOT a
function of skin?

a. to regulate body temperature
b. to keep water in the body

¢. to move your body

d. to get rid of wastes

3. Describe the two layers of skin.
4. How do hair and nails develop?

5. Describe how a cut heals.

Math Skills

6. On average, hair grows 0.3 mm
per day. How many millimeters
does hair grow in 30 days? in
a year?

New cells

Critical Thinking

7. Making Inferences Why do
you feel pain when you pull on
your hair or nails, but not when
you cut them?

8. Analyzing Ideas The epider-
mis on the palms of your hands
and on the soles of your feet is
thicker than it is anywhere else
on your body. Why might this
skin need to be thicker?

>/ inks, oA

National Science Teachers Association
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Measure nail growth over
time.

Draw a graph of nail growth.

LMATERIALS J

o graph paper (optional)
e metric ruler
e permanent marker

&

Seeing Is Believing

Like your hair and skin, fingernails are part of your body’s
integumentary system. Nails, shown in the figure below, are
a modification of the outer layer of the skin. Nails grow from
the nail bed and will grow continuously throughout your life.
In this activity, you will measure the rate at which finger-
nails grow.

Finger

Cuticle

Nail body

Procedure

€@ Use a permanent marker to mark the center of the nail bed
on your right index finger, as shown in the figure below.
Caution: Do not get ink on your clothing.

\
i\ Mark
Base of nail

@ Measure from the mark to the base of your nail. Record the
measurement, and label the measurement “Day 1.

o Repeat steps 1 and 2 for your left index finger.

Q Let your fingernails grow for 2 days. Normal daily activity will
not wash away the mark completely, but you may need to
freshen the mark.

© Measure the distance from the mark on your nail to the base
of your nail. Record this distance, and label the measurement
llDay 3-"

166 Chapter 5 Body Organization and Structure
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o Continue measuring and recording the growth
of your nails every other day for 2 weeks.
Refresh the mark as necessary. You may con-
tinue to file or trim your nails as usual through-
out the course of the lab.

0 After you have completed your measurements,
use them to create a graph similar to the graph
below.

Fingernail Growth

’E 10
g 8
-'FE 4 Left index finger
o 2 Right index finger
O o0
1 3 5 7 9 11
Day

Analyze the Results

@ Describing Events Did the nail on one hand
grow faster than the nail on the other hand?

@ Examining Data Did your nails grow at a con-
stant rate, or did your nails grow more quickly
at certain times?

Copyright © by Holt, Rinehart and Winsten.. All rights reserved.

Draw Conclusions
© Making Predictions If one nail grew more

quickly than the other nail, what might explain
the difference in growth?

Q Analyzing Graphs Compare your graph with

the graphs of your classmates. Do you notice
any differences in the graphs based on gender
or physical characteristics, such as height? If so,
describe the difference.

Applying Your Data

Do additional research to find out how nails
are important to you. Also, identify how nails
can be used to indicate a person’s health or
nutrition. Based on what you learn, describe
how your nail growth indicates your health
or nutrition.

Chapter Lab 167



USING KEY TERMS

Complete each of the following sen-
tences by choosing the correct term
from the word bank.

homeostasis organ

joint skeletal system
tissue muscular system
epidermis dermis

integumentary system

@ A(n) __is a place where two or more
bones meet.

@ __is the maintenance of a stable
internal environment.

© The outermost layer of skin is the __.

© The organ system that includes skin,
hair, and nails is the ___.

© A(n) ___is made up of two or more
tissues working together.

@ The ___ supports and protects the
body, stores minerals, and allows
movement.

UNDERSTANDING KEY IDEAS

Multiple Choice

@ Which of the following lists shows the
way in which the body is organized?
a. cells, organs, organ systems, tissues
b. tissues, cells, organs, organ systems
c. cells, tissues, organs, organ systems
d. cells, tissues, organ systems, organs

168 Chapter 5

Chapter;Review;

Body Organization and Structure

@© Which muscle tissue can be both vol-
untary and involuntary?
a. smooth muscle
b. cardiac muscle
¢. skeletal muscle
d. All of the above

0 The integumentary system
a. helps regulate body temperature.
b. helps the body move.
c. stores minerals.
d. None of the above

@ Muscles

a. work in pairs.

b. can be voluntary or involuntary.
c. become stronger if exercised.

d. All of the above

Short Answer
@ How do muscles move bones?

@ Describe the skeletal system, and list
four functions of bones.

@® Give an example of how organ systems
work together.

@ List three injuries and two diseases
that affect the skeletal system.

Copyright © by Hol



(@ Compare aerobic exercise and resist-
ance exercise.

(D What are two kinds of damage that
may affect skin?

(@ Concept Mapping Use the following
terms to create a concept map: tissues,
muscle tissue, connective tissue, cells,
organ systems, organs, epithelial tissue,
and nervous tissue.

@ Making Comparisons Compare the
shapes of the bones of the human
skull with the shapes of the bones of
the human leg. How do the shapes dif-
fer? Why are the shapes important?

(@ Making Inferences Compare your
elbows and fingertips in terms of the
texture and sensitivity of the skin on
these parts of your body. Why might
the skin on these body parts differ?

¢@) Making Inferences Imagine that you
are building a robot. Your robot will
have a skeleton similar to a human
skeleton. If the robot needs to be
able to move a limb in all directions,
what kind of joint would be needed?
Explain your answer.

¢) Analyzing Ideas Human bones are
dense and are often filled with mar-
row. But many bones of birds are hol-
low. Why might birds have hollow
bones?

€ Identifying Relationships Why might
some muscles fail to work properly if a
bone is broken?

Copyright © by Holt, Rinehart and Winston. All rights reserved.

INTERPRETING GRAPHICS

Use the cross section of skin below to

answer the questions that follow.

¢ What is d called? What substance is
most abundant in this layer?

¢ What is the name and function of a?
¢ What is the name and function of b?

€ Which letter corresponds to the part of
the skin that is made up of epithelial
tissue that contains dead cells?

€ Which letter corresponds to the part of
the skin from which hair grows? What
is this part called?

%

.

Chapter Review
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» StandardizedjTest:

EOG Prep

Read the passages below. Then, answer the questions that

follow each passage.

Passage 1 Sometimes, doctors perform a skin
graft to transfer some of a person’s healthy skin
to an area where skin has been damaged. Doctors
perform skin grafts because skin is often the best
“bandage” for a wound. Like cloth or plastic
bandages, skin protects the wound. Skin allows
the wound to breathe. Unlike cloth or plastic
bandages, skin can regenerate itself as it covers
a wound. But sometimes a person’s skin is so
severely damaged (by burns, for example) that
the person doesn’t have enough skin to spare.

1. Based on the passage, what can skin do that
manufactured bandages can’t do?

A Skin can protect a wound.

B Skin can stop more skin from being
damaged.

C Skin can regenerate itself.
D Skin can prevent burns.

2. In the passage, what does the term skin graft
most likely mean?

F a piece of skin transplanted from one part
of the body to another
G a piece of skin made of plastic

H a piece of damaged skin that has been
removed from the body

I burned skin

3. Based on the passage, why might a severe burn
victim not receive a skin graft?
A Manufactured bandages are better.

B He or she doesn’t have enough
healthy skin.

C There isn’t enough damaged skin to repair.
D Skin is the best bandage for a wound.

170 Chapter 5

Passage 2 Making sure that your body maintains
homeostasis is not an easy task. The task is dif-
ficult because your internal environment is always
changing. Your body must do many different jobs
to maintain homeostasis. Each cell in your body
has a specific job in maintaining homeostasis.
Your cells are organized into groups. A group of
similar cells working together forms a tissue. Your
body has four main kinds of tissue—epithelial tis-
sue, connective tissue, muscle tissue, and nervous
tissue. These tissues work together to form organs,
which help maintain homeostasis.

1. Based on the passage, which of the following
statements about tissues is true?

A Tissues do not help maintain homeostasis.
B Tissues form organ systems.

C Tissues are changing because the body’s
internal environment is always changing.

D There are four kinds of tissue.

2. According to the passage, which of the
following statements about homeostasis
is true?

F It is easy for the body to maintain
homeostasis.

G The body must do different jobs to
maintain homeostasis.

H Your internal environment rarely changes.

I Organs and organ systems do not help
maintain homeostasis.

3. Which of the following statements about cells
is false?
A Cells are organized into different groups.
B Cells form tissues.
C Cells work together.
D Cells don’t maintain homeostasis.

Body Organization and Structure
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INTERPRETING GRAPHICS

The line graph below shows hair growth
over time. Use the graph to answer the

questions that follow.

Hair Length over Time

27
26
E
g 2
5 23
£ 2 /
&
S 2
|
20
< 5
0O 30 60 90 120 150
Day

1. How long was the hair on day 60?
A 20.0 cm
B 21.0cm
C 22.5cm
D 23.0cm

2. On which day was hair length 23 cm?
F day 60
G day 90
H day 120
I day 150

3. From day O to day 150, what is the average
amount that hair grows every 30 days?

A 0.5cm
B 1.2cm
C 1.5cm
D 2.0cm

4. Based on the average amount of hair growth

per 30-day period, how long would it take the

hair to grow another 3.6 cm?
F 30 days

G 60 days

H 90 days

I 120 days

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Read each question below, and choose the
best answer.

. About 40% of a person’s mass is muscle tissue.

If Max has a mass of 40 kg, about how much
muscle tissue does he have?

A 16 kg
B 20 kg
C 24 kg
D 30 kg

. When running, an adult inhales about 72 L

of air per minute. That amount is 12 times
the amount that an adult needs while resting.
How much air does an adult inhale while
resting?

F 6 L/min

G 12 L/min

H 60 L/min

I 64 L/min

. Maggie likes to do bench presses, a resistance

exercise. She bench presses 10 kg. If Maggie
added 2 kg every 2 weeks, how long would it
take her to reach 20 kg?

A 4 weeks

B 5 weeks

C 10 weeks

D 12 weeks

. A box of 25 bandages costs $4.00. A roll of

tape costs $1.50. Troy needs 125 bandages and
3 rolls of tape for a first-aid kit. Which of the
following equations shows the cost of first-aid
supplies, x?

F x = (125 X 4.00) + (3 X 1.50)

G x = (25 X 4.00) + (3 X 1.50)

H x = [(25 X 4.00) + 125] + (3 X 1.50)

I x=[(125 + 25) X 4.00] + (3 X 1.50)

. Stephen wants to run a 10 K race. Right

now, he can run 5 K. What is the percentage
increase from 5 K to 10 K?

A 50%
B 100%
C 200%
D 500%

Standardized Test Preparation 171

uonesedald 1s9] pazipiepuels



Science
in Action

172

Chapter 5

Body Organization and Structure

Science, Technology,
and Society

Beating the Odds

Sometimes, people are born without limbs
or lose limbs in accidents. Many of these
people have prostheses (prahs THEE seez),
or human-made replacements for the body
parts. Until recently, many of these prosthe-
ses made it more difficult for many people
to participate in physical activities, such as
sports. But new designs have led to lighter,
more comfortable prostheses that move the
way that a human limb does. These new
designs have allowed athletes with physical
disabilities to compete at higher levels.

Social Studies ,A_J-w vl

Research the use of prostheses throughout
history. Create a timeline showing major
advances in prosthesis use and design.
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Careers
Zahra Beheshti

Physical Therapist A physical therapist is a licensed professional who helps people
recover from injuries by using hands-on treatment instead of medicines. Dr. Zahra
Beheshti is a physical therapist at the Princeton Physical Therapy Center in New Jer-
sey. She often helps athletes who suffer from sports injuries.

After an injury, a person may go through a process called rehabilitation to regain
the use of the injured body part. The most common mistake made by athletes is that
they play sports before completely recovering from injuries. Dr. Beheshti explains,
“Going back to their usual pre-injury routine could result in another injury.”

Dr. Beheshti also teaches patients
about preventing future sports inju-
ries. “Most injuries happen when
an individual engages in strenuous
activities without a proper warm-
up or cool-down period.” Being
a physical therapist is rewarding
work. Dr. Beheshti says, “I get a
lot of satisfaction when treating
patients and see them regain their
function and independence and
return to their normal life.”

Language Arts

AeTiViTy

IULIHTd  Interview a physical
SKILL therapist who works

in or near your community. Write
a newspaper article about your
interview.

Check out Current Science®

To learn more about these articles related to this chapter

Science in Action topics, visit by visiting go.hrw.com. Just

go.hrw.com and type in the type in the keyword HL5CS22.

keyword HL5BD1F.

Science in Action
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SECTION 1 The Cardiovascular
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About the

Your circulatory system is made up of the
heart, blood vessels, and blood. This picture is
a colored scanning electron micrograph of red
and white blood cells and cell fragments called
platelets. Red blood cells are disk shaped,
white blood cells are rounded, and platelets
are the small green fragments. There are mil-
lions of blood cells in a drop of blood. Blood
cells are so important that your body makes
about 200 billion red blood cells every day.

174 Chapter 6

-3i%

AeTiViTy

Four-Corner Fold
Before you read the chap-
ter, create the FoldNote

entitled “Four-Corner Fold” described in
the Study Skills section of the Appendix.

Label

the flaps of the four-corner fold

with the section titles “Cardiovascular
system,” “Blood,” Lymphatic system,”

and “

learn.

Respiratory system.” Write what you

know about each topic

under the appropri-

ate flap. As you read

the chapter, add other

information that you . ’
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Exercise Your Heart

How does your heart respond to exercise? You can
see this reaction by measuring your pulse.

Procedure

1. Take your pulse while remaining still. (Take your
pulse by placing your fingers on the inside of your
wrist just below your thumb.)

. Using a watch with a second hand, count the
number of heart beats in 15 s. Then, multiply this
number by 4 to calculate the number of beats in
1 minute.

. Do some moderate physical activity, such as jump-
ing jacks or jogging in place, for 30 s.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

4. Stop and calculate your heart rate again.

Caution: Do not perform this exercise if you have
difficulty breathing, if you have high blood pres-
sure or asthma, or if you get dizzy easily.

5. Rest for 5 min.
6. Take your pulse again.
Analysis

1. How did exercise affect your heart rate? Why do
you think this happened?

2. How does your heart rate affect the rate at which
red blood cells travel throughout your body?

3. Did your heart rate return to normal (or almost
normal) after you rested? Why or why not?

175
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READING WARM-UP

Objectives

@ List four main parts of the cardio-
vascular system, and describe their
functions.

@ Describe the two types of circulation
of blood in the body.

@ List four cardiovascular problems.

Terms to Learn

cardiovascular pulmonary

system circulation
artery systemic
capillary circulation
vein

READING STRATEGY

Paired Summarizing Read this section
silently. In pairs, take turns summariz-
ing the material. Stop to discuss ideas
that seem confusing.

cardiovascular system a collec-
tion of organs that transport blood
throughout the body

176 Chapter 6

The Cardiovascular
System

When you hear the word heart, what do you think of
first? Many people think of romance. Some people think of
courage. But the heart is much more than a symbol of love
or bravery. Your heart is an amazing pump.

The heart is an organ that is part of your circulatory system.
The circulatory system includes your heart; your blood; your
veins, capillaries, and arteries; and your lymphatic system.

Your Cardiovascular System

Your heart creates pressure every time it beats. This pres-
sure moves blood to every cell in your body through your
cardiovascular system (kAR dee oH VAS kyoo luhr SIS tuhm).
The cardiovascular system consists of the heart and the three
types of blood vessels that
carry blood throughout
your body. The word cardio
means “heart,” and vascu-
lar means “blood vessel.”
The blood vessels—arteries,
capillaries, and veins—carry
blood pumped by the heart.
Figure 1 shows the major
arteries and veins.

of” Reading Check [RUIEXEN
the four main parts of the
cardiovascular system? (See the
Appendix for answers to Reading
Checks.)

Figure 1 The cardiovascular
system carries blood to every cell
in your body.

Circulation and Respiration
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The Heart

Your heart is an organ made mostly of cardiac
muscle tissue. It is about the size of your fist
and is almost in the center of your chest cavity.
Like hearts of all mammals, your heart has a
left side and a right side that are separated by
a thick wall. The right side of the heart pumps
oxygen-poor blood to the lungs. The left side
pumps oxygen-rich blood to the body. As you
can see in Figure 2, each side has an upper
chamber and a lower chamber. Each upper
chamber is called an atrium (plural, atria).
Each lower chamber is called a ventricle.
Flaplike structures called valves are located
between the atria and ventricles and in places
where large arteries are attached to the heart.
As blood moves through the heart, these valves
close to prevent blood from going backward.
The “lub-dub, lub-dub” sound of a beating
heart is caused by the valves closing. Figure 3
shows the flow of blood through the heart.

Blood from

body ‘\ t

A

\ " Blood from
right atrium
© Blood enters the atria first.
The left atrium receives
oxygen-rich blood from
the lungs. The right atrium
receives oxygen-poor blood
from the body.

Blood from
lungs

Copyright © by Holt, Rinehart and Winston. All rights reserved.

@TILXD The Flow of Blood Through the Heart

\L

@ When the atria contract,
blood is squeezed into
the ventricles.

Right Left
atrium .
atrium
Valves
\ Valves Left
Right ventricle
ventricle

L

Figure 2 The heart pumps blood through blood
vessels. The vessels carrying oxygen-rich blood are

shown in red. The vessels carrying oxygen-poor
blood are shown in blue.

Blood to

body
V

Ll Blood to

&

" Blood from "
left atrium

€) While the atria relax, the
ventricles contract and push
blood out of the heart. Blood
from the right ventricle goes
to the lungs. Blood from the
left ventricle goes to the rest
of the body.
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From heart To heart

Figure 4 Large arteries
branch into smaller
arteries, which branch
into capillaries. Capillaries
join small veins, which

join to form large veins. Wall of vein

Wall of artery

Blood Vessels

Blood travels throughout your body in hollow tubes called
blood vessels. The three types of blood vessels—arteries, capil-
laries, and veins—are shown in Figure 4.

Arteries

A blood vessel that carries blood away from the heart is an
artery a blood vessel that carries artery. Arteries have thick walls, which contain a layer of smooth
';'05",1 away from the heart to the muscle. Each heartbeat pumps blood into your arteries at high

ody's organs pressure. This pressure is your blood pressure. Artery walls stretch

capillary a tiny blood vessel that and are usually strong enough to stand the pressure. Your pulse
allows an exchange between blood is caused by the rhythmic change in your blood pressure.
and cells in other tissue
vein in biology, a vessel that carries Capillaries

blood to the heart Nutrients, oxygen, and other substances must leave blood and
get to your body’s cells. Carbon dioxide and other wastes leave
body cells and are carried away by blood. A capillary is a tiny
blood vessel that allows these exchanges between body cells
and blood. These exchanges can take place because capillary
walls are only one cell thick. Capillaries are so narrow that
blood cells must pass through them in single file. No cell in the
body is more than three or four cells away from a capillary.

Veins

After leaving capillaries, blood enters veins. A vein is a blood
vessel that carries blood back to the heart. As blood travels
through veins, valves in the veins keep the blood from flow-
ing backward. When skeletal muscles contract, they squeeze
nearby veins and help push blood toward the heart.

' ) EL L1 N Td @l Describe the three types of blood vessels.

178 Chapter 6 Circulation and Respiration
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Two Types of Circulation

Where does blood get the oxygen to deliver to your body? pulmonary circulation the flow
From your lungs! Your heart pumps blood to the lungs. In the  of blood from the heart to the lungs
.. and back to the heart through the
lungs, carbon dioxide leaves the blood and oxygen enters the . e
) pulmonary arteries, capillaries, and
blood. The oxygen-rich blood then flows back to the heart. veins
This circulation of blood between your heart and lungs is called for Sl .+ o .
. . systemic circulation the flow o
pulmonary C|rculat.|on (PUL muh NEF{ ee SUHR kyoo LAY shuhn). blood from the heart to all parts of
The oxygen-rich blood returning to the heart from the the body and back to the heart
lungs is then pumped to the rest of the body. The circulation
of blood between the heart and the rest of the body is called
systemic circulation (sis TEM ik suHr kyoo LAY shuhn). Both

types of circulation are shown in Figure 5.

@ TZX) The Flow of Blood Through the Body

> 4 0 In the capillaries of the lungs,
© The right ventricle pumps p i 5= blood takes up oxygen and
oxygen-poor blood into ¥ / — releases carbon dioxide.
arteries that lead to the Oxygen-rlch blood travels
lungs. These are the only through veins to the left
arteries in the body that atrium. These are the only

carry oxygen-poor blood. veins in the body that carry
oxygen-rich blood.

Pulmonary
circulation

4 O The heart pumps
oxygen-rich blood
from the left ventricle
into arteries and then
into capillaries.

O oxygen-poor blood
travels back to the
heart and is delivered
into the right atrium
by two large veins.

Systemic
circulation

=

oo / 4 @ As blood travels through capillaries,
- it transports oxygen, nutrients, and
water to the cells of the body. At
the same time, waste materials and
carbon dioxide are carried away.

Section 1 The Cardiovascular System 179
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The Beat Goes On
A person’s heart averages

about 70 beats per minute.
1. Calculate how many times

a heart beats in a day.
2. If a person lives for 75

years, how many times will

his or her heart beat?

3. If an athlete’s heart beats

50 times a minute, how

many fewer times than an

average heart will his or

her heart beat in 30 days?

Figure 6 This illustration
shows the narrowing of
an artery as the result of
high levels of cholesterol
in the blood. Lipid deposits
(vellow) build up inside
the blood vessel walls and
block the flow of blood.
Red blood cells and lipid
particles (yellow balls) are
shown escaping.

180 Chapter 6
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Cardiovascular Problems

More than just your heart and blood vessels are at risk if
you have cardiovascular problems. Your whole body may be
harmed. Cardiovascular problems can be caused by smoking,
high levels of cholesterol in the blood, stress, physical inactivity,
or heredity. Eating a healthy diet and getting plenty of exercise
can reduce the risk of having cardiovascular problems.

Atherosclerosis

Heart diseases are the leading cause of death in the United
States. A major cause of heart diseases is a cardiovascular
disease called atherosclerosis (aTH uhr OH skluh roH sis). Athero-
sclerosis happens when cholesterol (kuh LES tuhr awL) builds
up inside of blood vessels. This cholesterol buildup causes the
blood vessels to become narrower and less elastic. Figure 6
shows how clogged the pathway through a blood vessel can
become. When an artery that supplies blood to the heart
becomes blocked, the person may have a heart attack.

WAZTITXLITId Why is atherosclerosis dangerous?

High Blood Pressure

Atherosclerosis may be caused by hypertension. Hypertension
is abnormally high blood pressure. The higher the blood pres-
sure, the greater the risk of a heart attack, heart failure, kidney
disease, and stroke. A stroke is when a blood vessel in the brain
becomes clogged or ruptures. As a result, that part of the brain
receives no oxygen. Without oxygen, brain cells die.

Remaining open-
ing for blood flow

4
f “‘-'/Arterlal wall
[ |

J

Circulation and Respiration
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Heart Attacks and Heart Failure

Two cardiovascular problems are heart attacks and
heart failure. A heart attack happens when heart

muscle cells die and part of the heart muscle is
damaged. As shown in Figure 7, arteries that deliver
oxygen to the heart may be blocked. Without oxy-
gen, heart muscle cells die quickly. When enough
heart muscle cells die, the heart may stop.

Heart failure is different. Heart failure happens
when the heart cannot pump enough blood to meet
the body’s needs. Organs, such as the brain, lungs,
and kidneys, may be damaged by lack of oxygen or
nutrients, or by the buildup of fluids or wastes.

SECTION
Review

Summaryj

@ The cardiovascular sys-
tem is made up of the
heart and three types of
blood vessels.

@ The three types of blood
vessels are arteries,
veins, and capillaries.

@ Oxygen-poor blood
flows from the heart
through the lungs, where
it picks up oxygen.

@® Oxygen-rich blood flows
from the heart to the
rest of the body.

@ Cardiovascular problems
include atherosclero-
sis, hypertension, heart
attacks, and strokes.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Using Key Terms

For each pair of terms, explain how
the meanings of the terms differ.

1. artery and vein

2. systemic circulation and pulmo-
nary circulation

Understanding Key Ideas

3. Which of the following is true of

blood in the pulmonary veins?

a. The blood is going to the
body.

b. The blood is oxygen poor.

c. The blood is going to the
lungs.

d. The blood is oxygen rich.

4. What are the four parts of the
cardiovascular system? Describe
the functions of each part.

5. What is the difference between a
heart attack and heart failure?

Math_Skills

6. An adult male’s heart pumps
about 2.8 million liters of blood
a year. If his heart beats 70 times
a minute, how much blood does
his heart pump with each beat?

@ 7TX P Heart Attack

Artery delivering
blood to heart
muscle

Location of
blocked artery

Area of heart
damaged by lack
of oxygen to
heart muscle

Critical Thinking

7. Identifying Relationships How
is the heart’s structure related to
its function?

8. Making Inferences One of aspi-
rin’s effects is that it prevents
platelets from being too “sticky.”
Why might doctors prescribe
aspirin for patients who have
had a heart attack?

9. Analyzing Ideas Veins and
arteries are everywhere in your
body. When a pulse is taken, it
is usually taken at an artery in
the neck or wrist. Explain why.

10. Making Comparisons Why is
the structure of arteries different
from the structure of capillaries?
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Blood is part of the circulatory system. It travels through
miles and miles of blood vessels to reach every cell in your
body. So, you must have a lot of blood, right?

READING WARM-UP Well, actually, an adult human body has about 5 L of blood.

Objectives Your body probably has a little less than that. All the blood
@ Identify the four main components in your body would not fill two 3 L soda bottles.
of blood.
: Eeslcr.ibe;] threbe| fuzctions of b-Iood. What Is Blood?
rr)n(gaig‘rei W Dlood presstre 1 Your circulatory system is made up of your heart, your blood
@ Explain what the ABO blood types vessels, and blood. Blood is a connective tissue made up of
are and why they are important. plasma, red blood cells, platelets, and white blood cells. Blood

Terms to Learn carries oxygen and nutrients to all parts of your body.

blood WA TITXLITId What are the four main components of blood?
blood pressure (See the Appendix for answers to Reading Checks.)

READING STRATEGY Plasma

Reading Organizer As you read this The fluid part of the blood is called plasma (PLAZ muh). Plasma

section, create an outline of the section. is a mixture of water, minerals, nutrients, sugars, proteins, and
Use the headings from the section in other substances. Red blood cells, white blood cells, and plate-
your outline. lets are found in plasma.

Red Blood Cells
Most blood cells are red blood cells, or RBCs. RBCs, such as

blood the fluid that carries gases, the ones shown in Figure 1, take oxygen to every cell in your
nutrients, and wastes through the body. Cells need oxygen to carry out their functions. Each
body and that is made up of plasma, RBC has hemoglobin (HEE moh GLoH bin). Hemoglobin is an
red blood cells, platelets, and white ) . . .

blood cells oxygen-carrying protein. Hemoglobin clings to the oxygen you

inhale. RBCs can then transport oxygen throughout the body.
Hemoglobin also gives RBCs their red color.

Figure 1 Red blood
cells are made in the
bone marrow of certain
bones. As red blood cells
mature, they lose their
nucleus and their DNA.

182 Chapter 6
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Red blood cell

Fibers

Platelets

Drifting among the blood cells are tiny particles called
platelets. Platelets are pieces of larger cells found in bone
marrow. These larger cells remain in the bone marrow,
but fragments are pinched off and enter the bloodstream
as platelets. Platelets last for only 5 to 10 days, but
they are an important part of blood. When you cut or
scrape your skin, you bleed because blood vessels have
been opened. As soon as bleeding starts, platelets begin
to clump together in the damaged area. They form a
plug that helps reduce blood loss, as shown in Figure 2.
Platelets also release chemicals that react with proteins
in plasma. The reaction causes tiny fibers to form. The
fibers help create a blood clot.

White Blood Cells

Sometimes pathogens (PATH uh juhnz)—bacteria, viruses,
and other microscopic particles that can make you sick—
enter your body. When they do, they often meet white
blood cells, or WBCs. WBCs, shown in Figure 3, help
keep you healthy by destroying pathogens. WBCs also
help clean wounds.

WBCs fight pathogens in several ways. Some WBCs
squeeze out of blood vessels and move around in tissues,
searching for pathogens. When they find a pathogen,
they destroy it. Other WBCs release antibodies. Antibodies
are chemicals that identify or destroy pathogens. WBCs
also keep you healthy by destroying body cells that have
died or been damaged. Most WBCs are made in bone
marrow. Some WBCs mature in the lymphatic system.

' (Ll N e/ Why are WBCs important to your

health?

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Figure 2 Platelets release chemicals
in damaged vessels and cause fibers
to form. The fibers make a “net” that
traps blood cells and stops bleeding.

Figure 3 White blood cells defend the
body against pathogens. These white
blood cells have been colored yellow
to make their shape easier to see.
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blood pressure the force that blood
exerts on the walls of the arteries

A antigen
§ B antlbody
B antlgen
g A antibody
A and B
antigens

A and B antibodies

Figure 4 This figure shows which
antigens and antibodies may be
present in each blood type.

184 Chapter 6

Body Temperature Regulation

Your blood does more than supply your cells with oxygen
and nutrients. It also helps regulate your body temperature.
When your brain senses that your body temperature is ris-
ing, it signals blood vessels in your skin to enlarge. As the
vessels enlarge, heat from your blood is transferred to your
skin. This transfer helps lower your temperature. When your
brain senses that your temperature is normal, it instructs
your blood vessels to return to their normal size.

Blood Pressure

Every time your heart beats, it pushes blood out of the heart
and into your arteries. The force exerted by blood on the
inside walls of arteries is called blood pressure.

Blood pressure is expressed in millimeters of mercury
(mm Hg). For example, a blood pressure of 110 mm Hg
means the pressure on the artery walls can push a narrow
column of mercury to a height of 110 mm.

Blood pressure is usually given as two numbers, such as
110/70 mm Hg. Systolic (sis TAHL ik) pressure is the first
number. Systolic pressure is the pressure inside large arteries
when the ventricles contract. The surge of blood causes the
arteries to bulge and produce a pulse. The second number,
diastolic (DIt uh STAHL ik) pressure, is the pressure inside
arteries when the ventricles relax. For adults, a blood pres-
sure of 120/80 mm Hg or below is considered healthy. High
blood pressure can cause heart or kidney damage.

WAZTITTITZd What is the difference between systolic pres-

sure and diastolic pressure?

Blood Types

Every person has one of four blood types: A, B, AB, or O.
Your blood type refers to the type of chemicals you have on
the surface of your RBCs. These surface chemicals are called
antigens (AN tuh juhnz). Type A blood has A antigens; type
B has B antigens; and type AB has both A and B antigens.
Type O blood has neither the A nor the B antigen.

The different blood types have different antigens on their
RBCs. They may also have different antibodies in the plasma.
These antibodies react to antigens of other blood types as if
the antigens were pathogens. As shown in Figure 4, type A
blood has antibodies that react to type B blood. If a person
with type A blood receives type B blood, the type B antibod-
ies attach themselves to the type B RBCs. These RBCs begin
to clump together, and the clumps may block blood vessels.
A reaction to the wrong blood type may be fatal.

Circulation and Respiration
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Blood Types and Transfusions

Sometimes, a person must be given a blood transfusion.
A transfusion is the injection of blood or blood compo-
nents into a person to replace blood that has been lost
because of surgery or an injury. Figure 5 shows bags of
blood that may be given in a transfusion. The blood type
is clearly marked. Because the ABO blood types have
different antigen-antibody reactions, a person receiving
blood cannot receive blood from just anyone. Table 1
shows blood transfusion possibilities.

Table 1 Blood Transfusion Possibilities

Type Can receive Can donate to

A A O A, AB

B B, O B, AB

AB all AB only .

0 0 all Figure 5 The blood type must be clearly

labeled on blood stored for transfusions.

WLATITTTELIT People with type O blood are some-

times called universal donors. Why might this be true?

SECTION
A

Summary;

@ Blood’s four main com-
ponents are plasma, red
blood cells, platelets,
and white blood cells.

@ Blood carries oxygen
and nutrients to cells,
helps protect against dis- 3
ease, and helps regulate
body temperature.

@ Blood pressure is the
force blood exerts on
the inside walls of
arteries.

@ Every person has one of

@® Mixing blood types may
be fatal.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Using Key Terms
1.

Use each of the following terms
in a separate sentence: blood and
blood pressure.

Understanding Key Ideas
2.

A person with type B blood can
donate blood to people with
which type(s) of blood?

a. B, AB

b. A, AB

c. AB only

d. All types

. List the four main components

of blood and tell what each
component does.

Why is it important for a doctor
to know a patient’s blood type?

Math_Skills
four ABO blood types. 5.

A person has a systolic pressure
of 174 mm Hg. What percentage
of normal (120 mm Hg) is this?

Critical Thinking
6. Identifying Relationships How

does the body use blood and
blood vessels to help maintain
proper body temperature?

7. Predicting Consequences Some

blood conditions and diseases
affect the ability of red blood
cells to deliver oxygen to cells
of the body. Predict what might
happen to a person with a dis-
ease of that type.
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READING WARM-UP

Objectives

@ Describe the relationship between
the lymphatic system and the circula-
tory system.

@ Identify six parts of the lymphatic
system, and describe their functions.

Terms to Learn

lymphatic system  thymus
lymph spleen
lymph node tonsils

READING STRATEGY

Prediction Guide Before reading this
section, write the title of each heading
in this section. Next, under each head-

ing, write what you think you will learn./

lymphatic system a collection of
organs whose primary function is to
collect extracellular fluid and return it
to the blood

lymph the fluid that is collected by
the lymphatic vessels and nodes

Figure 1 The white arrows show
the movement of lymph into
lymph capillaries and through
lymphatic vessels.
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The Lymphatic System

Every time your heart pumps, a little fluid is forced out of
the thin walls of the capillaries. Some of this fluid collects in
the spaces around your cells. What happens to this fluid?

Most of the fluid is reabsorbed through the capillaries into your
blood. But some is not. Your body has a second circulatory
system called the lymphatic (lim FAT ik) system.

The lymphatic system is the group of organs and tissues
that collect the excess fluid and return it to your blood. The
lymphatic system also helps your body fight pathogens.

Vessels of the Lymphatic System

The fluid collected by the lymphatic system is carried through
vessels. The smallest vessels of the lymphatic system are lymph
capillaries. Lymph capillaries absorb some of the fluid and par-
ticles from between the cells. These particles are too large to
enter blood capillaries. Some of these particles are dead cells
or pathogens. The fluid and particles absorbed into lymph
capillaries are called lymph.

As shown in Figure 1, lymph capillaries carry lymph into
larger vessels called lymphatic vessels. Skeletal muscles squeeze
these vessels to force lymph through the lymphatic system.
Valves inside lymphatic vessels stop backflow. Lymph drains
into the large neck veins of the cardiovascular system.

' [ELL I Ne Tl @ How is the lymphatic system related to the car-
diovascular system? (See the Appendix for answers to Reading Checks.)

Lymph.__

.‘"_ . capillaries

Circulation and Respiration
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Other Parts of the Lymphatic System

In addition to vessels and capillaries, several organs and lymph node an organ that filters lymph and
tissues are part of the lymphatic system. These organs that is found along the lymphatic vessels
and tissues are shown in Figure 2. Bone marrow plays thymus the main gland of the lymphatic
an important role in your lymphatic system. The other system; it produces mature T lymphocytes

parts of the lymphatic system are the lymph nodes,
the thymus gland, the spleen, and the tonsils.

Bone Marrow
Bones—part of your skeletal system—are very impor-

tant to your lymphatic system. Bone marrow is the soft
tissue inside of bones. Bone marrow is where most red

and white blood cells, including lymphocytes (LIM foh S

SIETS), are produced. Lymphocytes are a type of white _
blood cell that helps your body fight pathogens. - -

Lymph Nodes - BeR
As lymph travels through lymphatic vessels, it passes
through lymph nodes. Lymph nodes are small, bean-
shaped masses of tissue that remove pathogens and
dead cells from the lymph. Lymph nodes are concen-
trated in the armpits, neck, and groin.

Lymph nodes contain lymphocytes. Some lym-
phocytes—called killer T cells—surround and destroy
pathogens. Other lymphocytes—called B cells—produce
antibodies that attach to pathogens. These marked
pathogens clump together and are then destroyed by
other cells.

When bacteria or other pathogens cause an infec- : A
tion, WBCs may multiply greatly. The lymph nodes fill i
with WBCs that are fighting the infection. As a result,
some lymph nodes may become swollen and painful.

Your doctor may feel these swollen lymph nodes to )

see if you have an infection. In fact, if your lymph P

nodes are swollen and sore, you or your parent can Lymphatic

feel them, too. Swollen lymph nodes are sometimes vessels

an early clue that you have an infection. . g
¥ [ y ’.

Thymus 4 11

T cells develop from immature lymphocytes produced
in the bone marrow. Before these cells are ready to
fight infections, they develop further in the thymus.
The thymus is the gland that produces T cells that are
ready to fight infection. The thymus is located behind
the breastbone, just above the heart. Mature lympho-
cytes from the thymus travel through the lymphatic
system to other areas of your body.
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Spleen

Your spleen is the largest lymphatic organ. The spleen stores
spleen the largest lymphatic organ and produces lymphocytes. It is a purplish organ about the size
in the body of your fist. Your spleen is soft and spongy. It is located in the
upper left side of your abdomen. As blood flows through the
spleen, lymphocytes attack or mark pathogens in the blood.
If pathogens cause an infection, the spleen may also release
lymphocytes into the bloodstream.

In addition to being part of the lymphatic system, the spleen
produces, monitors, stores, and destroys blood cells. When red
blood cells (RBCs) are squeezed through the spleen’s capillaries,
the older and more fragile cells burst. These damaged RBCs
are then taken apart by some of the cells in the spleen. Some

CONNECTION[TONN
SocialjStudies
'L Vent Your Spleen

SKILL \why do we say
that someone is “venting his

spleen”? What does it mean? parts of these RBCs may be reused. For this reason, you can
Conduct library or Internet think of the spleen as the red-blood-cell recycling center.
research about this phrase. The spleen has two important functions. The white pulp,

Write a report on what you P . .
have learned. shown in Figure 3, is part of the lymphatic system. It helps to

~ ‘ tight infections. The red pulp, also shown in Figure 3, removes
. unwanted material, such as defective red blood cells, from the
blood. However, it is possible to lead a healthy life without

your spleen. If the spleen is damaged or removed, other organs
in the body take over many of its functions.

WATITTTELITId What are two important functions of the

spleen?

(@ {ICEP White and Red Pulp in the Spleen

o» White pulp in the spleen ™%
i produces white blood cells *
that fight infection. White

pulp is part of the lym- . ' ‘,_

phatic system. Red pulp removes
. ., damaged or defective
1@ red blood cells from
N the circulatory system.

L]
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Tonsils

The lymphatic system includes your tonsils. Tonsils
are lymphatic tissue in the nasal cavity and at the
back of the mouth on either side of the tongue.
Each tonsil is about the size of a large olive.

Tonsils help defend the body against infec-
tion. Lymphocytes in the tonsils trap pathogens
that enter the throat. Sometimes, tonsils become
infected and are red, swollen, and very sore.
Severely infected tonsils may be covered with
patches of white, infected tissue. Sore, swollen
tonsils, such as those in Figure 4, make swallow-
ing difficult.

Sometimes, a doctor will suggest surgery to
remove the tonsils. In the past, this surgery was
frequently done in childhood. It is less common
today. Surgery is now done only if a child has fre-
quent, severe tonsil infections or if a child’s tonsils
are so enlarged that breathing is ditficult.

tonsils small, rounded masses of lymphatic tis-
sue located in the pharynx and in the passage
from the mouth to the pharynx

Figure 4 Tonsils help protect your throat
and lungs from infection by trapping
pathogens.

Inflamed
< %7 tonsils

SECTION
Review

Using Key Terms

Critical Thinking

1. Use each of the following terms 6. Expressing Opinions Some

Summary,

@® The lymphatic system
collects fluid from
between the cells and
returns it to the blood.

@ The lymphatic system
contains cells that help
the body fight disease.

@ The lymphatic system
consists of lymphatic
vessels, lymph, and
tissues and organs
throughout the body.

@ The thymus, spleen,
and tonsils contain lym-
phocytes that help fight
pathogens.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

in a separate sentence: lymph
nodes, spleen, and tonsils.

Understanding Key Ideas
2. Lymph
a. is the same as blood.
b. is fluid in the cells.
¢. drains into your muscles.
d. is fluid collected by lymphatic
vessels.

3. Name six parts of the lymphatic
system. Tell what each part does.

4. How are your cardiovascular and
lymphatic systems related?

Math Skills

5. One cubic millimeter of blood
contains S million RBCs and
10,000 WBCs. How many times
more RBCs are there than
WBCs?

people have frequent, severe
tonsil infections. These infec-
tions can be treated with medi-
cine, and the infections usually
go away after a few days. Do you
think removing tonsils in such a
case is a good idea? Explain.

7. Analyzing Ideas Why is it
important that lymphatic tissue
is spread throughout the body?
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The Respiratory System

Breathing—you do it all the time. You're doing it right now.
You hardly ever think about it, though, unless you suddenly

can’t breathe.

READING WARM-UP Then, it becomes very clear that you have to breathe in order
Objectives to live. But why is breathing important? Your body needs oxy-
@ Describe the parts of the respiratory gen in order to get energy from the foods you eat. Breathing

system and their functions. makes this process possible.

@ Explain how breathing happens.

@ Discuss the relationship between the ' Respiration and the Respiratory System
respiratory system and the cardio-

vascular system. The words breathing and respiration are often used to mean
@ Identify two respiratory disorders. the same thing. However, breathing is only one part of res-
piration. Respiration is the process by which a body gets and

Terms to Learn uses oxygen and releases carbon dioxide and water. Respiration

resp!ratlon trachea is divided into two parts. The first part is breathing, which
respiratory system  bronchus . . . . .

. involves inhaling and exhaling. The second part is cellular
pharynx alveoli .. . ) . )
larynx respiration, which involves chemical reactions that release

energy from food.
I?reathing is mz.ide possible by your respiratory sy.stem. The
respiratory system is the group of organs that take in oxygen
and get rid of carbon dioxide. The nose, throat, lungs, and
passageways that lead to the lungs make up the respiratory
system. Figure 1 shows the parts of the respiratory system.

Reading Organizer As you read this
section, make a flowchart of the steps
of the process of respiration.

Figure 1 Air moves into and
out of the body through the
respiratory system.

respiration the exchange of oxygen
and carbon dioxide between living

cells and their environment; includes s LT
breathing and cellular respiration : -

respiratory system a collection
of organs whose primary function is

to take in oxygen and expel carbon
dioxide Bron(}P

Pharynx
Larynx

Trachea

—

Diaphragm
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Nose, Pharynx, and Larynx

Your nose is the main passageway into and out of the respiratory
system. Air can be breathed in through and out of the nose.
Air can also enter and leave through the mouth.

From the nose, air flows into the pharynx (FAR ingks), or
throat. Food and drink also travel through the pharynx on the
way to the stomach. The pharynx branches into two tubes.
One tube, the esophagus, leads to the stomach. The other tube
is the larynx (LAR ingks). The larynx leads to the lungs.

The larynx is the part of the throat that contains the vocal
cords. The vocal cords are a pair of elastic bands that stretch
across the larynx. Muscles connected to the larynx control how
much the vocal cords are stretched. When air flows between the
vocal cords, the cords vibrate. These vibrations make sound.

Trachea

The larynx guards the entrance to a large tube called the
trachea (TRAY kee uh), or windpipe. Your body has two large,
spongelike lungs. The trachea, shown in Figure 2, is the pas-
sageway for air traveling from the larynx to the lungs.

Bronchi and Alveoli

The trachea splits into two branches called bronchi (BRAHNG KiE)
(singular, bronchus). One bronchus connects to each lung. Each
bronchus branches into smaller tubes that are called bronchioles
(BRAHNG kee oHLz). In the lungs, each bronchiole branches to
form tiny sacs that are called alveoli (al VEE uh LIE) (singular,
alveolus). The alveoli provide a large amount of surface area.

' (LI Ne I 8 Describe how the lung’s structure relates to its
function. (See the Appendix for answers to Reading Checks.)

Bronchiole

Figure 2 Inside your lungs, the

bronchi branch into bronchioles.

The bronchioles lead to tiny sacs
called alveoli.

pharynx the passage from the
mouth to the larynx and esophagus

larynx the area of the throat that
contains the vocal cords and pro-
duces vocal sounds

trachea the tube that connects the
larynx to the lungs

bronchus one of the two tubes
that connect the lungs with the
trachea

alveoli any of the tiny air sacs of
the lungs where oxygen and carbon
dioxide are exchanged

Section 4 The Respiratory System 191
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@I TILED The Role of Blood in Respiration

0, is picked
up by bloqd.

~ CO, enters
Tissues and cells pick the alveolus.
up O, from the blood. ,

CO, enters e
the blood.

Breathing

When you breathe, air is sucked into or forced out of your
lungs. However, your lungs have no muscles of their own.
Instead, breathing is done by the diaphragm (DIE uh rraM) and
rib muscles. The diaphragm is a dome-shaped muscle beneath
the lungs. When you inhale, the diaphragm contracts and
moves down. The chest cavity’s volume increases. At the same
time, some of your rib muscles contract and lift your rib cage.
CONNECTIONTO As a result, your chest cavity gets bigger and a vacuum is cre-
— ated. Air is sucked in. Exhaling is this process in reverse.

Oxygen and Blood When . L
people who live at low Breathing and Cellular Respiration
elevations travel up into the
mountains, they may find

In cellular respiration, oxygen is used by cells to release energy

themselves breathing heavily stored in molecules of glucose. Where does the oxygen come
even when they are not exert- from? When you inhale, you take in oxygen. This oxygen
ing themselves. Why might this diffuses into red blood cells and is carried to tissue cells. The
happen? oxygen then diffuses out of the red blood cells and into each
h_d cell. Cells use the oxygen to release chemical energy. During

the process, carbon dioxide (CO,) and water are produced.
Carbon dioxide is exhaled from the lungs. Figure 3 shows how
breathing and blood circulation are related.

' [ NlT N 9 /@ What is cellular respiration?

192 Chapter 6 Circulation and Respiration
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Respiratory Disorders

Millions of people suffer from respiratory disorders. Respira-
tory disorders include asthma, emphysema, and severe acute
respiratory syndrome (SARS). Asthma causes the bronchioles
to narrow. A person who has asthma has difficulty breath-
ing. An asthma attack may be triggered by irritants such as
dust or pollen. SARS is caused by a virus. A person who has
SARS may have a fever and difficulty breathing. Emphysema
happens when the alveoli have been damaged. People who
have emphysema have trouble getting the oxygen they need.
Figure 4 shows a lung damaged by emphysema.

Figure 4 The photo on the left shows a healthy lung. The photo
on the right shows the lung of a person who had emphysema.

SECTION ]
° Using Key Terms
Rev I ew For each pair of terms, explain how

the meanings of the terms differ.

1. pharynx and larynx

Understanding Key Ideas

2. Which of the following are

@ Air travels to the lungs respiratory disorders?
through the nose or a. SARS, alveoli, and asthma
mouth, pharynx, larynx, b. alveoli, emphysema, and SARS

trachea, and bronchi. c. larynx, asthma, and SARS
@ In the lungs, the bronchi - AT '
! . d. SARS, emphysema, and
branch into bronchioles,
asthma

which branch into alveoli.

@ Breathing involves lungs, 3. Explain how breathing happens.

muscles in the rib cage, 4. Describe how your cardiovascu-

and the diaphragm. lar and respiratory systems work
@® Oxygen enters the blood together.

through the alveoli in

the lungs. Carbon diox- Math Skills

ide leaves the blood and . )

is exhaled. 5. Total lung capacity (TLC) is

@® Respi disord about 6 L. A person can exhale
espiratory disorders about 3.6 L. What percentage of

include asthma, SARS, TLC cannot be exhaled?
and emphysema.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Quiti3s,

Why Do People Snore?

1. Get a 15 cm? sheet of
wax paper.

2. Hum your favorite song.

3. Then, take the wax paper
and press it against your
lips. Hum the song again.

4. How was your hum-
ming different when wax
paper was pressed to your
mouth?

5. Use your observations to
guess what might cause
snoring.

F

Critical Thinking

6. Interpreting Statistics About
6.3 million children in the
United States have asthma.
About 4 million of them had an
asthma attack last year. What
do these statistics tell you about
the relationship between asthma
and asthma attacks?

7. Identitying Relationships If a
respiratory disorder causes lungs
to fill with fluid, how might this
affect a person’s health?

S C[ INKS. Developed and maintained by the

National Science Teachers Association

For a variety of links related to this
chapter, go to www.scilinks.org
Topic: The Respiratory System; %
Respiratory Disorders
SciLinks code: HSM1307; HSM 1306




Carbon Dioxide Breath

Carbon dioxide is important to both plants and animals. Plants
take in carbon dioxide during photosynthesis and give off oxy-
gen as a byproduct of the process. Animals—including you—take
in oxygen during respiration and give off carbon dioxide as a

Detect the presence of carbon
dioxide in your breath.

Compare the data for carbon byproduct of the process.
dioxide in your breath with the
data from your classmates. Procedure

o Put on your gloves, safety goggles, and apron.

LMATERIALS

0 Use the graduated cylinder to pour 100 mL of water into a

e calculator (optional) 150 mL flask.
e clock with a second hand, or a
stopwatch o Using an eyedropper, carefully place four drops of phenol
e Erlenmeyer flask, 150 mL red indicator solution into the water. The water should turn
e eyedropper orange.
* gloves, protective © Place a plastic drinking straw into the solution of phenol red

e graduated cylinder, 150 mL

and water. Drape a paper towel over the flask to prevent
e paper towels

e phenol red indicator solution splashing.
e plastic drinking straw Q Carefully blow through the straw into the solution.
 water, 100 mL Caution: Do not inhale through the straw. Do not drink the

solution, and do not share a straw with anyone.

SAFETY

A 2

194 Chapter 6 Circulation and Respiration
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o Your lab partner should begin keeping time as
soon as you start to blow through the straw.
Have your lab partner time how long the solu-
tion takes to change color. Record the time.

Analyze the Results

o Describing Events Describe what happens to
the indicator solution.

Q Examining Data Compare your data with
those of your classmates. What was the lon-
gest length of time it took to see a color
change? What was the shortest? How do you
account for the difference?

© Constructing Graphs Make a bar graph that
compares your data with the data of your
classmates.

Draw Conclusions

© Interpreting Information Do you think that
there is a relationship between the length of
time the solution takes to change color and
the person’s physical characteristics, such as
which gender the tester is or whether the tes-
ter has an athletic build? Explain your answer.

© Making Predictions Predict how exercise
might affect the results of your experiment.
For example, would you predict that the level
of carbon dioxide in the breath of someone
who was exercising would be higher or lower
than the carbon dioxide level in the breath of
someone who was sitting quietly? Would you
predict that the level of carbon dioxide in the
breath would affect the timing of any color
change in the phenol solution?

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Applying Your Data

Do jumping jacks or sit-ups for 3 minutes, and
then repeat the experiment. Did the phenol
solution still change color? Did your exercising
change the timing? Describe and explain any
change.
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USING KEY TERMS

Complete each of the following sen-
tences by choosing the correct term
from the word bank.

red blood cells veins
white blood cells arteries
lymphatic system larynx
alveoli bronchi
respiratory system trachea

€@ ___ deliver oxygen to the cells of
the body.

@ __ carry blood away from the heart.

© The ___ helps the body fight
pathogens.

o The __ contains the vocal cords.

© The pathway of air through the respi-
ratory system ends at the tiny sacs
called .

UNDERSTANDING KEY IDEAS

Multiple Choice

© Blood from the lungs enters the heart
at the
a. left ventricle.
b. left atrium.
c. right atrium.
d. right ventricle.

@ Blood cells are made

a. in the heart.
b. from plasma.
c. from lymph.
d. in the bones.

196 Chapter 6
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Circulation and Respiration

© Which of the following activities is a
function of the lymphatic system?

a. returning excess fluid to the circula-
tory system

b. delivering nutrients to the cells

c¢. bringing oxygen to the blood

d. pumping blood to all parts of
the body

© Alveoli are surrounded by

a. veins.

b. muscles.

c. capillaries.

d. lymph nodes.

(@ What prevents blood from flowing
backward in veins?
a. platelets
b. valves
c. muscles
d. cartilage
@ Air moves into the lungs when the
diaphragm muscle
a. contracts and moves down.
b. contracts and moves up.
c. relaxes and moves down.
d. relaxes and moves up.

Short Answer

@ What is the difference between pulmo-
nary circulation and systemic circula-
tion in the cardiovascular system?

@® Walton’s blood pressure is 110/65.
What do the two numbers mean?
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(@ What body process produces the car-
bon dioxide you exhale?

@ Describe how the circulatory sys-
tem and the lymphatic system work
together to keep your body healthy.

(D How is the spleen important to both
the lymphatic system and the circula-
tory system?

@ Briefly describe the path that oxygen
follows in your respiratory system and
your circulatory system.

(D Concept Mapping Use the following
terms to create a concept map: blood,
oxygen, alveoli, capillaries, and carbon
dioxide.

(@ Making Comparisons Compare and
contrast the functions of the circula-
tory system and the lymphatic system.

€@ Identifying Relationships Why do
you think there are hairs in your nose?

€D Applying Concepts After a person
donates blood, the blood is stored in
one-pint bags until it is needed for
a transfusion. A healthy person has
about 5 million RBCs in each cubic
millimeter (1 mm?®) of blood.

a. How many RBCs are in 1 mL of
blood? (One milliliter is equal to
1 cm?® and to 1,000 mm?.)

b. How many RBCs are there in 1 pt?
(One pint is equal to 473 mL.)

@) Predicting Consequences What
would happen if all of the red blood
cells in your blood disappeared?

Copyright © by Holt, Rinehart and Winston. All rights reserved.

¢® Identifying Relationships When a
person is not feeling well, a doctor
may examine samples of the person’s
blood to see how many white blood
cells are present. Why would this
information be useful?

INTERPRETING GRAPHICS

The diagram below shows how the
human heart would look in cross sec-
tion. Use the diagram to answer the
questions that follow.

vV

¢ Which letter identifies the chamber
that receives blood from systemic
circulation? What is this chamber’s
name?

@ Which letter identifies the chamber
that receives blood from the lungs?
What is this chamber’s name?

@ Which letter identifies the chamber
that pumps blood to the lungs? What
is this chamber’s name?
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EOG Prep

Read each of the passages below. Then, answer the questions

that follow each passage.

Passage 1 For some reason, about one in five
people sneeze when they step from a dimly lit
area into a brightly lit area. In fact, some may
sneeze a dozen times or more! Fortunately, the
sneezing usually stops relatively quickly. This
sneeze reaction is called a photic sneeze reflex
(FOHT ik SNEEZ REE rLEks). No one knows for
certain why it happens. A few years ago, some
geneticists studied the photic sneeze reflex. They
named it the ACHOO syndrome. Scientists know
that the ACHOO syndrome runs in families. So,
the photic sneeze may be hereditary and can be
passed from parent to child. Sometimes, even the
number of times in a row that each person sneezes
is the same throughout a family.

1. According to the passage, the ACHOO
syndrome is most likely to be which of the
following?

A contagious

B photosynthetic
C hereditary

D allergic

2. In the passage, what does photic mean?
F having to do with sneezing
G having to do with plants
H having to do with genetics
1 having to do with light

3. Which of the following statements is one clue
that the photic sneeze reflex can be passed
from parent to child?

A The reflex is triggered by bright light.
B Sneezing usually stops after a few sneezes.

C Family members even sneeze the same
number of times.

D Scientists do not know what causes the
ACHOO syndrome.

198 Chapter 6
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Passage 2 The two main functions of blood are
transporting nutrients and oxygen from the lungs
to cells and carrying carbon dioxide and other
waste materials away from cells to the lungs or
other organs. Blood also transfers body heat to
the body surface and plays a role in defending
the body against disease. The respiratory system
transports gases to and from blood. The respiratory
system and blood work together to carry out exter-
nal respiration and internal respiration. External
respiration is the exchange of gases between the
atmosphere and blood. Internal respiration is the
exchange of gases between blood and the cells of
the body.

1. In the passage, what does external respiration
mean?
A the exchange of gases outdoors
B the inhalation of gases as you breathe in

C the exchange of gases between blood and
the atmosphere

D the exhalation of gases as you breathe out

2. Which of the following statements is a fact in
the passage?
F The respiratory system transports oxygen to
all the cells of the body.

G The respiratory system is part of the
circulatory system.

H Blood is a kind of cardiac tissue.
1 Blood transports oxygen to cells.

3. According to the passage, what are two of the
roles blood plays in the human body?

A transferring body heat and defending
against disease

B defending against disease and transporting
gases to the circulatory system

C transporting carbon dioxide to body cells
and transferring body heat

D external respiration and atmosphere
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INTERPRETING GRAPHICS

Use the graph below to answer the ques-

tions that follow.

Change in Heart Rate over Time

< 80

£ 20

£ =

S _

@ 605 2 3 4 5 6
Minutes

1. What is the most likely explanation for the
change seen after the two-minute mark?
A The person started exercising.
B The person fell asleep.
€ The person inhaled.
D The person sat down.

2. How much faster is the heart beating during
minute 5 than during minute 2?
F 10 beats per minute more
G 12 beats per minute more
H 15 beats per minute more
I 17 beats per minute more

3. About how many minutes did it take for this
person’s heart rate to go from 65 beats per
minute to 75 beats per minute?

A 0.7 minute
B 1.0 minute
C 1.7 minutes
D 4.0 minutes

4. After how many minutes does this person’s
heart rate return to its resting rate?

F 1.0 minute
G 2.0 minutes
H 5.0 minutes

I There is not enough information to
determine the answer.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

. At rest, the cells of the human body use about

Read each question below, and choose the
best answer.

. If Jim’s heart beats 73 times every minute, Jen'’s

heart beats 68 times every minute, and Leigh'’s
heart beats 81 times every minute, what is the
average heart rate for these 3 people?

A 73 beats per minute
B 74 beats per minute
C 141 beats per minute
D 222 beats per minute

. The Griffith family has 4 dogs. Each of the dogs

eats between 0.9 kg and 1.3 kg of food every
day. Which is a reasonable estimate of the total
amount of food all 4 dogs eat every day?

F 1 kg of food

G 3 kg of food

H 4 kg of food

I 8 kg of food

. Assume that the average person’s resting

heart rate is 70 beats per minute. The resting
heart rate of a particular person is 10 beats per
minute more than the average person’s. If a
person with the higher heart rate lives 75 years,
about how many more times will his or her
heart beat than the average person’s heart in
that time?

A 3,942

B 394,200

C 3,942,000

D 394,200,000

250 mL of oxygen per minute. At that rate,
how much oxygen would the cells of the
human body use every 24 hours?

F about 36 L

G about 360 L

H about 36,000 L
I about 360,000 L

uonesedald 1s9] pazipiepuels
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Science
in Action

Science, Technology,
and Society

Artificial Blood

What happens when someone loses blood
rapidly? Loss of blood can be fatal in a
very short time, so lost blood must be
replaced as quickly as possible. But what if
enough blood, or blood of the right type,
is not immediately available? Scientists
are developing different types of artificial
blood—including one based on cow hemo-
globin—that may soon be used to save lives
that would otherwise be lost.

Language Arts ,A;J_,YLI'

IULITTd  Imagine that you are a doctor
SKILL and one of your patients needs
surgery. Create a pamphlet or brochure that
explains what artificial blood is and how it
may be used in surgical procedures.

200 Chapter 6 Circulation and Respiration

Weird Science

Circular Breathing and the Didgeridoo
Do you play a musical instrument such
as a clarinet, flute, or tuba? How long can
you blow into it before you have to take a
breath? Can you blow into it for one min-
ute? two minutes? And what happens when
you stop to breathe? The Aboriginal people
of Australia have a musical instrument called
the didgeridoo (D1J uh ree poo). Didgeridoo
players can play for hours without stopping
to take a breath. They use a technique called
circular breathing that lets them inhale and
exhale at the same time. Circular breathing
lets a musician play music without having to
take breaths as often. With a little practice,
maybe you can do it, too.

Social Studies A;_, v

I'ZIHTTd  Select a country from Africa or
SKILL Asia. Research that country's
traditional musical instruments or singing
style. Write a description of how the instru-
ments or singing style of that country differs
from those of the United States. Illustrate
your report.
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People in Science
Anthony Roberts, Jr.

Leader in Training Anthony Roberts, Jr.,
has asthma. When he was in the 5th grade,
his school counselor told him about a sum-
mer camp—The Boggy Creek Gang Camp—
that was just being built. His counselor said
that the camp was designed to serve kids
who have asthma or other disabilities and
diseases, such as AIDS, cancer, diabetes,
epilepsy, hemophilia, heart disease, kid-
ney disease, rheumatic diseases, and sickle
cell anemia. Kids, in other words, who
might otherwise never go to summer
camp. Anthony jumped at the chance
to go. Now, Anthony is too old to be
a camper, and he is too young to be a
regular counselor. But he can be a Lead-
er in Training (LIT). Some camps have
LIT programs that help young people
make the transition from camper to
counselor.

For Anthony, the chance to be
an LIT fit perfectly with his love of
camping and with his desire to work
with kids with disabilities. Anthony
remembers the fun he had and wants
to help other kids have the same
summer fun he did.

LS

\ NV

Math l\ﬁl'l,[@'!y
Research how many children
under 17 years of age in the
United States have asthma.
Make a bar graph that shows
how the number of children
who have asthma has changed
since 1981. What does this

graph tell you about rates of ™
asthma among children in the K "
United States? ,

Check out Current Science®
To learn more about these articles related to this chapter
Science in Action topics, visit by visiting go.hrw.com. Just
go.hrw.com and type in the type in the keyword HL5CS23.
keyword HL5BD2F.
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About the

Is this a giant worm? No, it's an X ray of a
healthy large intestine! Your large intestine
helps your body preserve water. As mostly
digested food passes through your large in- i
testine, water is drawn out of the food. This gll:::'l;-g:;cfr‘éegtsrea d
water is returned to the bloodstream. The gray rganizer the chapter, creayte the
shadow behind the intestine is the spinal col- graphic organizer entitled “Chain-of-
umn. The areas that look empty are actually Events Chart” described in the Study
filled with organs. A special liquid helps this Skills section of the Appendix. As you

large intestine show up on the X ray. :jzat‘ajilghgbc:jtpzzzgi” in the chart with

step of the processes
that your body uses to
digest food.

AeTiViTy
[Graphic
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Changing Foods

The stomach breaks down food by, in part, squeezing

the food. You can model the action of the stomach
in the following activity.

Procedure

1. Add 200 mL of flour and 100 mL of water to a
resealable plastic bag.

.Mix 100 mL of vegetable oil with the flour and
water.

. Seal the plastic bag.

. Shake the bag until the flour, water, and oil are
well mixed.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

5. Remove as much air from the bag as you can, and
reseal the bag carefully.

6. Knead the bag carefully with your hands for 5 min.
Be careful to keep the bag sealed.

Analysis

1. Describe the mixture before and after you kneaded
the bag.

2. How might the changes you saw in the mixture
relate to how your stomach digests food?

3. Do you think this activity is a good model of how
your stomach works? Explain your answer.
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READING WARM-UP

Objectives
@ Compare mechanical digestion with
chemical digestion.

@® Describe the parts and functions of
the digestive system.

Terms to Learn
digestive system
esophagus
stomach
pancreas

small intestine
liver

gallbladder

large intestine

READING STRATEGY

Prediction Guide Before reading this
section, write the title of each heading
in this section. Next, under each head-
ing, write what you think you will learn.

digestive system the organs that
break down food so that it can be
used by the body

204 Chapter 7

The Digestive and Urinary Systems

The Digestive System

It’s your last class before lunch, and you're starving! Finally,
the bell rings, and you get to eat!

You feel hungry because your brain receives signals that your
cells need energy to maintain homeostasis. Eating is just the
beginning. Your body must change food into substances that
your cells can use. Your digestive system, shown in Figure 1, is a
group of organs that work together to break down food so that it
can be used by the body.

Digestive System at a Glance

The most obvious part of your digestive system is a series of
tubelike organs called the digestive tract. Food passes through
the digestive tract. The digestive tract includes your mouth,
pharynx, esophagus, stomach, small intestine, large intestine,
rectum, and anus. The liver, gallbladder, pancreas, and salivary
glands are also part of the digestive system. But food does not
pass through these organs.

@53 The Digestive System

Salivary glands

A /
N
o Stomach
Gallbladder
Pancreas ‘
1
Small intestine ‘ |
Large intestine > .‘Rectum
/Anus ﬁ
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Breaking Down Food

The digestive system works with the circulatory system, which
includes the heart, blood vessels, and blood, to deliver the mate-
rials cells need to function. Digestion is the process of breaking
down food into a form that can pass from the digestive tract
into the bloodstream. There are two types of digestion. The
breaking, crushing, and mashing of food is called mechanical
digestion. In chemical digestion, large molecules are broken down
into nutrients. Nutrients are substances that the body needs
for energy and for growth, maintenance, and repair.

Three major types of nutrients—carbohydrates, proteins,
and fats—make up most of the food you eat. Substances called
enzymes break some nutrients into smaller particles that the
body can use. For example, proteins are chains of smaller
molecules called amino acids. Proteins are too large to be
absorbed into the bloodstream. So, enzymes cut up the chain
of amino acids. The amino acids are small enough to pass into
the bloodstream. This process is shown in Figure 2.

' ILELT TN e/ How do the digestive and circulatory systems
work together? (See the Appendix for answers to Reading Checks.)

@:"TILX® The Role of Enzymes in Protein Digestion

@ Enzymes act as chemical scissors to cut the long
chains of amino acids into small chains.

Enzymes

@ The small chains are split by other enzymes.

X
oo S 000

€ Individual amino acids are small enough to
enter the bloodstream, where they can be

used to make new proteins. o

Q
Q@
® o »

e ©
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Break It Up!

The Digestive System

Drop one piece of hard
candy into a clear plas-
tic cup of water.

. Wrap an identical candy

in a towel, and crush the
candy with a hammer.
Drop the candy into a sec-
ond clear cup of water.

. The next day, examine

both cups. What is differ-
ent about the two candies?

. What type of digestion is

represented by breaking
the hard candy?

. How does chewing your

food help the process of
digestion?

205



Enamel —_

Gum

Figure 3 A tooth, such as this
molar, is made of many kinds
of tissue.

esophagus a long, straight tube
that connects the pharynx to the
stomach

206 Chapter 7

Digestion Begins in the Mouth

Chewing is important for two reasons. First, chewing creates
small, slippery pieces of food that are easier to swallow than
big, dry pieces are. Second, small pieces of food are easier
to digest.

Teeth

Teeth are very important organs for mechanical digestion. With
the help of strong jaw muscles, teeth break and grind food. The
outermost layer of a tooth, the enamel, is the hardest material
in the body. Enamel protects nerves and softer material inside
the tooth. Figure 3 shows a cross section of a tooth.

Have you ever noticed that your teeth have different shapes?
Look at Figure 4 to locate the different kinds of teeth. The
molars are well suited for grinding food. The premolars are
perfect for mashing food. The sharp teeth at the front of your
mouth, the incisors and canines, are for shredding food.

Saliva

As you chew, the food mixes with a liquid called saliva. Saliva
is made in salivary glands located in the mouth. Saliva contains
an enzyme that begins the chemical digestion of carbohydrates.
Saliva changes complex carbohydrates into simple sugars.

Leaving the Mouth

Once the food has been reduced to a soft mush, the tongue
pushes it into the throat, which leads to a long, straight tube
called the esophagus (i SAHF uh guhs). The esophagus squeezes
the mass of food with rhythmic muscle contractions called
peristalsis (PER uh STAL sis). Peristalsis forces the food into
the stomach.

Canine  premolars

Incisors

Figure 4 Most adults
have 32 permanent teeth.
Each type of permanent
tooth has a different
function in breaking up
food before the food is
swallowed.

The Digestive and Urinary Systems
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| Figure 5 [ TR LN

The stomach squeezes and mixes food
for hours before it releases the mixture
into the small intestine.

Esophagus

Part of the
small intestine

The Harsh Environment of the Stomach

The stomach is a muscular, saclike, digestive organ attached
to the lower end of the esophagus. The stomach is shown in
Figure 5. The stomach continues the mechanical digestion of
your meal by squeezing the food with muscular contractions.

stomach the saclike, digestive organ
between the esophagus and the
small intestine that breaks down
food into a liquid by the action of
muscles, enzymes, and acids

While this squeezing is taking place, tiny glands in the stom-
ach produce enzymes and acid. The enzymes and acid work
together to break food into nutrients. Stomach acid also kills
most bacteria that you might swallow with your food. After
a few hours of combined mechanical and chemical digestion,
your peanut butter and jelly sandwich has been reduced to a
soupy mixture called chyme (KIEM).

WLTITTTIELTTIA How is the structure of the stomach related to

its function?

Leaving the Stomach

The stomach slowly releases the chyme into the small intes-
tine through a small ring of muscle that works like a valve.
This valve keeps food in the stomach until the food has been
thoroughly mixed with digestive fluids. Each time the valve
opens and closes, it lets a small amount of chyme into the
small intestine. Because the stomach releases chyme slowly, the
intestine has more time to mix the chyme with fluids from
the liver and pancreas. These fluids help digest food and stop
the harsh acids in chyme from hurting the small intestine.

Section 1
Copyright © by Holt, Rinehart and Winston. All rights reserved.

ATy Bhnies

" Tooth Truth

E]

Young children get a first

set of 20 teeth called baby
teeth. These teeth usually
fall out and are replaced by
32 permanent teeth. How
many more permanent teeth
than baby teeth does a per-
son have? What is the ratio
of baby teeth to permanent
teeth? Be sure to express the
ratio in its most reduced form.
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The Pancreas and Small Intestine

Most chemical digestion takes place after food leaves the stom-
ach. Proteins, carbohydrates, and fats in the chyme are digested
by the small intestine and fluids from the pancreas.

The Pancreas

When the chyme leaves the stomach, the chyme is very acidic.
The pancreas makes fluids that protect the small intestine from
pancreas the organ that lies the acid. The pancreas is an oval organ located between the
behind the stomach and that makes stomach and small intestine. The chyme never enters the
f}:gesuve enzymes and hormones pancreas. Instead, the pancreatic fluid flows into the small
at regulate sugar levels
intestine. This fluid contains enzymes that chemically digest
small intestine the organ between  chyme and contains bicarbonate, which neutralizes the acid in
wﬁesr?:iﬁr :fnt(jh;hsrgfjomesg;ne chyme. The pancreas also functions as a part of the endocrine
food happens and most of the nutri- system by making hormones that regulate blood sugar.
ents from food are absorbed
The Small Intestine
The small intestine is a muscular tube that is about 2.5 cm in
diameter. Other than having a small diameter, it is really not
that small. In fact, if you stretched the small intestine out, it
would be longer than you are tall—about 6 m! If you flattened
out the surface of the small intestine, it would be larger than
a tennis court! How is this possible? The inside wall of the
small intestine is covered with fingerlike projections called villi,
shown in Figure 6. The surface area of the small intestine is
very large because of the villi. The villi are covered with tiny,
nutrient-absorbing cells. Once the nutrients are absorbed, they
enter the bloodstream.

CONNECTION[TO

SocialfStudies et The Small Intestine and Villi
LLIHIIY Parasites Intes-
SKILL tinal parasites are The highly folded lining of the small intestine P e
organisms, such as round- has many fingerlike projections called villi. ™,

worms and hookworms, that
infect people and live in their
digestive tract. Worldwide,
intestinal parasites infect

more than 1 billion people.
Some parasites can be deadly.
Research intestinal parasites

in a library or on the Internet.
Then, write a report on a para-
site, including how it spreads,
what problems it causes, how
many people have it, and what
can be done to stop it.

Villi are covered
with nutrient-
absorbing cells that
pass nutrients to
the bloodstream.
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@ TILXD The Liver and the Gallbladder

Food does not move through the liver, gallbladder, and pancreas
even though these organs are linked to the small intestine.

Gallbladder

small
Pancreas

The Liver and Gallbladder

The liver is a large, reddish brown organ that helps with diges-
tion. A human liver can be as large as a football. Your liver
is located toward your right side, slightly higher than your
stomach, as shown in Figure 7. The liver helps with digestion
in the following ways:

e [t makes bile to break up fat.
e It stores nutrients.
e It breaks down toxins.

Breaking Up Fat

Although bile is made by the liver, bile is temporarily stored in a
small, saclike organ called the gallbladder, shown in Figure 7. Bile
is squeezed from the gallbladder into the small intestine, where
the bile breaks large fat droplets into very small droplets. This
mechanical process allows more fat molecules to be exposed
to digestive enzymes.

WLATITTTIELTTA How does bile help digest fat?

Storing Nutrients and Protecting the Body

After nutrients are broken down, they are absorbed into the
bloodstream and carried through the body. Nutrients that are
not needed right away are stored in the liver. The liver then
releases the stored nutrients into the bloodstream as needed.
The liver also captures and detoxifies many chemicals in the
body. For instance, the liver produces enzymes that break down
alcohol and many other drugs.

Section 1
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h Stomach

Part of the

intestine

liver the largest organ in the body;
it makes bile, stores and filters blood,
and stores excess sugars as glycogen

gallbladder a sac-shaped organ
that stores bile produced by the liver

A

Hone,

oL te

Bile Model

You can model the way bile
breaks down fat and oil.

With a parent, put a small
amount of water in a small
jar. Then, add a few drops

of vegetable oil to the water.
Notice that the two liquids
separate. Next, add a few
drops of liquid dishwashing
soap to the water, tighten the
lid securely onto the jar, and
shake the jar. What happened
to the three liquids in the jar?
Finally, make a model of the
liver and investigate how its
structure and functions are

related. et AN,
peTiViTy
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large intestine the wider and
shorter portion of the intestine that
removes water from mostly digested
food and that turns the waste into
semisolid feces, or stool

: CON.NECTION TO o
gEnvironmentaliScience
Waste Away Feces and
other human wastes contain
microorganisms and other
substances that can contami-
nate drinking water. Every time
you flush a toilet, the water
and wastes go through the
sewer to a wastewater treat-
ment plant. At the wastewater
treatment plant, the disease-
causing microorganisms are
removed, and the clean water
is released back to rivers,
lakes, and streams. Find out
where the wastewater treat-
ment plants are in your area.
Report to your class where
their wastewater goes.

ReTiViTy?

Figure 8 The large intestine is
the final organ of digestion.

210 Chapter 7

The End of the Line

Material that can’t be absorbed into the blood is pushed into
the large intestine. The large intestine is the organ of the
digestive system that stores, compacts, and then eliminates
indigestible material from the body. The large intestine, shown
in Figure 8, has a larger diameter than the small intestine.
The large intestine is about 1.5 m long, and has a diameter
of about 7.5 cm.

In the Large Intestine

Undigested material enters the large intestine as a soupy
mixture. The large intestine absorbs most of the water in the
mixture and changes the liquid into semisolid waste materials
called feces, or stool.

Whole grains, fruits, and vegetables contain a carbohydrate,
called cellulose, that humans cannot digest. We commonly refer
to this material as fiber. Fiber keeps the stool soft and keeps
material moving through the large intestine.

WLTITTTELITTA How does eating fiber help digestion?

Leaving the Body

The rectum is the last part of the large intestine. The rectum
stores feces until they can be expelled. Feces pass to the out-
side of the body through an opening called the anus. It has
taken each of your meals about 24 hours to make this journey
through your digestive system.

Large
intestine

Large
intestine

The Digestive and Urinary Systems
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SECTION

Review

@ Your digestive system is a group of organs
that work together to digest food so that
the nutrients from food can be used by
the body.

@ The breaking and mashing of food is called
mechanical digestion. Chemical digestion
is the process that breaks large food mol-
ecules into simpler molecules.

@ In the small intestine, pancreatic fluid and
bile are mixed with chyme.

@® From the small intestine, nutrients enter
the bloodstream and are circulated to the
body’s cells.

@ The liver makes bile, stores nutrients, and
breaks down toxins.

@ The large intestine absorbs water, changing

@® The stomach mixes food with acid and
enzymes that break down nutrients. The
mixture is called chyme.

liquid waste into semisolid stool, or feces.

8. Identifying Relationships How would the
inability to make saliva affect digestion?

Using Key Terms

1. Use each of the following terms in a separate
sentence: digestive system, large intestine, and

small intestine. Interpreting Graphics

9. Label and describe the function of each of the

Understanding Key Ideas organs in the diagram below.

2. Which of the following is NOT a function of the
liver? -
a. to secrete bile
b. to store nutrients

c. to detoxify chemicals
d. to compact wastes

3. What is the difference between mechanical
digestion and chemical digestion?

4. What happens to the food that you eat when it
gets to your stomach?

5. Describe the role of the liver, gallbladder, and
pancreas in digestion.

6. Put the following steps of digestion in order.
a. Food is chewed by the teeth in the mouth.
b. Water is absorbed by the large intestine.
c. Food is reduced to chyme in the stomach.
d. Food moves down the esophagus.
e. Nutrients are absorbed by the small intestine.
f. The pancreas releases enzymes.

Developed and maintained by the
National Science Teachers Association

Critical Thinking

7. Evaluating Conclusions Explain the following
statement: “Digestion begins in the mouth.”

For a variety of links related to this
chapter, go to www.scilinks.org

o

Topic: The Digestive System
SciLinks code: HSM0409
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READING WARM-UP

Objectives

@® Describe the parts and functions of
the urinary system.
@® Explain how the kidneys filter blood.

@ Describe three disorders of the uri-
nary system.

Terms to Learn
urinary system
kidney

nephron

READING STRATEGY

Reading Organizer As you read this
section, create an outline of the section.
Use the headings from the section in
your outline.

urinary system the organs that
produce, store, and eliminate urine

212 Chapter 7

The Urinary System

As blood travels through the tissues, it picks up waste
produced by the body’s cells. Your blood is like a train that
comes to town to drop off supplies and take away garbage.
If the waste is not removed, your body can actually be
poisoned.

Excretion is the process of removing waste products from the
body. Three of your body systems have a role in excretion. Your
integumentary system releases waste products and water when
you sweat. Your respiratory system releases carbon dioxide and
water when you exhale. Finally, the urinary system contains the
organs that remove waste products from your blood.

Cleaning the Blood

As your body performs the chemical activities that keep you
alive, waste products, such as carbon dioxide and ammonia,
are made. Your body has to get rid of these waste products to
stay healthy. The urinary system, shown in Figure 1, removes
these waste products from the blood.

GIIED vy sviem g~

% .'k.

N [

: c g/ Kidney
|

nf ____— Ureter

?/ Urinary bladder
| ___—Urethra

[
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The Kidneys as Filters

The kidneys are a pair of organs that constantly clean the blood. kidney one of the pair of organs
Your kidneys filter about 2,000 L of blood each day. Your body that filter water and wastes from the

holds only 5.6 L of blood, so your blood cycles through your

blood and that excrete products as

urine
kidneys about 350 times per day!
Inside each kidney, shown in Figure 2, are more than 1 mil- :_'IePh'b(I’“ dthe unit in the kidney that
liters bloo

lion nephrons. Nephrons are microscopic filters in the kidney

that remove wastes from the blood. Nephrons remove many
harmful substances. One of the most important substances
removed by nephrons is urea (yoo REE uh), which contains
nitrogen and is formed when cells use protein for energy.

WLTITTTELTTZA How are nephrons related to the function of
kidneys? (See the Appendix for answers to Reading Checks.)

@i TI¥P How the Kidneys Filter Blood

© A large artery brings blood into each
kidney.

@ Tiny blood vessels branch off the main
artery and pass through part of each
nephron.

9 Water and other small substances,
such as glucose, salts, amino acids,
and urea, are forced out of the blood
vessels and into the nephrons.

O As these substances flow through
the nephrons, most of the water and
some nutrients are moved back into
blood vessels that wrap around the
nephrons. A concentrated mixture of
waste materials is left behind in the
nephrons.

© The cleaned blood, which has slightly
less water and much less waste
material, leaves each kidney in a large
vein to recirculate in the body.

@ The yellow fluid that remains in the
nephrons is called urine. Urine leaves
each kidney through a slender tube
called the ureter and flows into the
urinary bladder, where urine is stored.

@ Urine leaves the body through another

tube called the urethra. Urination is
the process of expelling urine from
the body.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Unfiltered
blood

Filtered
blood
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Figure 3 Drinking water
when you exercise helps
replace the water you
lose when you sweat.

CONNECTION'TO gy ' |-
Language/Ants g

UL 19 Beverage Ban
SKILL pyring football
season, a football coach insists
that all members of the team
avoid caffeinated beverages.
Many of the players are upset
by the news. Pretend that you
are the coach. Write a letter

to the members of the team
explaining why it is better for
them to drink water than to
drink beverages that contain
caffeine. Read the letter aloud
to members of your family. Ask
them how you could make
your letter more convincing.

214 Chapter 7

Water In, Water Out

You drink water every day. You lose water every day in sweat
and urine. You need to get rid of as much water as you drink.
If you don't, your body will swell up. So, how does your body
keep the water levels in balance? The balance of fluids is con-
trolled by chemical messengers in the body called hormones.

Sweat and Thirst

When you are too warm, as the boy in Figure 3 is, you lose
a lot of water in the form of sweat. The evaporation of water
from your skin cools you down. As the water content of the
blood drops, the salivary glands produce less saliva. This is
one of the reasons you feel thirsty.

Antidiuretic Hormone

When you get thirsty, other parts of your body react to the
water shortage, too. A hormone called antidiuretic hormone
(AN tee DIE yoo RET ik HAWR wmonHN), or ADH, is released.
ADH signals the kidneys to take water from the nephrons.
The nephrons return the water to the bloodstream. Thus, the
kidneys make less urine. When your blood has too much
water, small amounts of ADH are released. The kidneys react
by allowing more water to stay in the nephrons and leave the
body as urine.

Diuretics

Some beverages contain caffeine, which is a diuretic (DIE yoo
RET ik). Diuretics cause the kidneys to make more urine, which
decreases the amount of water in the blood. When you drink a
beverage that contains water and caffeine, the catfeine increases
fluid loss. So, your body gets to use less of the water from the
caffeinated beverage than from a glass of water.

WAZTITEITId What are diuretics?

The Digestive and Urinary Systems
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Urinary System Problems

The urinary system regulates body fluids and removes wastes
from the blood. Any problems with water regulation can
become dangerous for your body and disrupt homeostasis.
Some common urinary system problems are described below.

e Bacterial Infections Bacteria can get into the bladder and
ureters through the urethra and cause painful infections.
Infections should be treated early, before they spread to the
kidneys. Infections in the kidneys can permanently damage
the nephrons.

e Kidney Stones Sometimes, salts and other wastes collect
inside the kidneys and form kidney stones like the one in
Figure 4. Some kidney stones interfere with urine flow and
cause pain. Most kidney stones pass naturally from the
body, but sometimes they must be removed by a doctor.

e Kidney Disease Damage to nephrons can prevent normal
kidney functioning and can lead to kidney disease. If a
person’s kidneys do not function properly, a kidney machine
can be used to filter waste from the blood.

SECTION
Review

Using Key Terms

1. In your own words, write a
definition for the term wurinary
system.

Understanding Key Ideas

Summary,

2. Which event happens first?

@ The urinary system a. Water is absorbed into blood.
removes liquid waste as b. A large artery brings blood
urine. The filtering struc- into the kidney.
tures in the kidney are c. Water enters the nephrons.
called nephrons. d. The nephron separates water

@® Most of the water in from wastes.

the blood is returned to

. . .
the bloodstream. Urine 3. How do kidneys filter blood?

passes through the ure- 4. Describe three disorders of the
ter, into the bladder, and urinary system.

out of the body through

the urethra. Math Skills

@ Disorders of the urinary
system include infec-
tions, kidney stones, and
kidney disease.

5. A study has shown that 75% of
teenage boys drink 34 oz of soda
per day. How many 12 oz cans
of soda would a boy drink in a
week if he drank 34 oz per day?

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Figure 4 This kidney stone
had to be removed from a
patient’s urinary system.

Critical Thinking

6. Applying Concepts Which of
the following contains more
water: the blood going into the
kidney or the blood leaving it?

7. Predicting Consequences
When people have one kidney
removed, their other kidney
can often keep their blood
clean. But the remaining kidney
often changes. Predict how the
remaining kidney may change
to do the work of two kidneys.

S C[ INKS. Developed and maintained by the

National Science Teachers Association

For a variety of links related to this

chapter, go to www.scilinks.org

Topic: The Urinary System; Urinary Systen
Ailments

SciLinks code: HSM1583; HSM1584
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Demonstrate chemical
digestion in the stomach.

Investigate three forms of
chemical digestion.

LMATERIALS J

e beef stew meat, 1 cm
cubes (3)

e eyedropper
« gloves, protective
e graduated cylinder, 25 mL

e hydrochloric acid, very dilute,
0.1 M

e measuring spoon, 1/4 tsp

o meat tenderizer, commercially
prepared, containing bromelain

e meat tenderizer, commercially
prepared, containing papain

e tape, masking

e test tubes (4)

e test-tube marker

o test-tube rack

o water

SAFETY

OHOC

- .
Chapter 7

Using Scientific Methods

Skills/Practice/Lab

As the Stomach Churns

The stomach, as you know, performs not only mechanical diges-
tion but also chemical digestion. As the stomach churns, which
moves the food particles around, the digestive fluids—acid and
enzymes—are added to begin protein digestion.
Commercially prepared meat tenderizers contain enzymes
from plants that break down, or digest, proteins. Two types
of meat tenderizer are commonly available at grocery stores.
One type of tenderizer contains an enzyme called papain, from
papaya. Another type of tenderizer contains an enzyme called
bromelain, from pineapple. In this lab, you will test the effects
of these two types of meat tenderizers on beef stew meat.

Ask a Question

o Determine which question you will answer through your
experiment. That question may be one of the following:
Which meat tenderizer will work faster? Which one will make
the meat more tender? Will the meat tenderizers change the
color of the meat or water? What might these color changes, if
any, indicate?

Form_a Hypothesis

o Form a hypothesis from the question you formed in step 1.
Caution: Do not taste any of the materials in this activity.

Test the Hypothesis

o Identify all variables and controls present in your experiment.
In your notebook, make a data table that includes these vari-
ables and controls. Use this data table to record your observa-
tions and results.

o Label one test tube with the name of one tenderizer, and
label the other test tube with the name of the other tender-
izer. Label the third test tube “Control.” What will the test tube
labeled “Control” contain?

The Digestive and Urinary Systems
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© Pour 20 mL of water into each test tube.

O Use the eyedropper to add four drops of
very dilute hydrochloric acid to each test
tube. Caution: Hydrochloric acid can burn
your skin. If any acid touches your skin, rinse
the area with running water and tell your
teacher immediately.

@ Use the measuring spoon to add 1/4 tsp of
each meat tenderizer to its corresponding
test tube.

© Add one cube of beef to each test tube.

© Record your observations for each test tube
immediately, after 5 min, after 15 min, after
30 min, and after 24 h.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

Analyze the Results

o Describing Events Did you immediately
notice any differences in the beef in the three
test tubes? At what time interval did you
notice a significant difference in the appear-
ance of the beef in the test tubes? Explain
the differences.

0 Examining Data Did one meat tenderizer per-
form better than the other? Explain how you
determined which performed better.

Draw Conclusions

o Evaluating Results Was your hypothesis sup-
ported? Explain your answer.

o Applying Conclusions Many animals that
sting have venom composed of proteins.
Explain how applying meat tenderizer to the
wound helps relieve the pain of such a sting.
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USING KEY TERMS

Complete each of the following sen-
tences by choosing the correct term
from the word bank.

pancreas digestive system

large intestine stomach

kidney small intestine

nephron urinary system
0 The ____ secretes juices into the small

intestine.

© The saclike organ at the end of the
esophagus is called the .

© The is an organ that contains mil-
lions of nephrons.

O A group of organs that removes waste
from the blood and excretes it from
the body is called the .

© The is a group of organs that work
together to break down food.

© Indigestible material is formed into
feces in the .

UNDERSTANDING KEY IDEAS

Multiple _Choice

@ The hormone that signals the kidneys
to make less urine is

c¢. ADH.

d. ATP.

a. urea.
b. caffeine.

© Which of the following organs aids
digestion by producing bile?

c. small intestine

d. liver

a. stomach
b. pancreas

218 Chapter 7
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© The part of the kidney that filters the
blood is the

a. artery.
b. ureter.

¢. nephron.
d. urethra.

(D The fingerlike projections that line the
small intestine are called
a. emulsifiers.
b. fats.
¢. amino acids.
d. villi.

(@ Which of the following is NOT part of
the digestive tract?

¢. stomach
d. rectum

a. mouth
b. kidney

@ The soupy mixture of food, enzymes,
and acids in the stomach is called

a. chyme.
b. villi.

¢. urea.
d. vitamins.

@® The stomach helps with
a. storing food.
b. chemical digestion.
c¢. physical digestion.
d. All of the above

(@ The gall bladder stores

c. bile.
d. villi.

a. food.
b. urine.

(D The esophagus connects the

a. pharynx to the stomach.
b. stomach to the small intestine.
c¢. kidneys to the nephrons.
d. stomach to the large intestine.

rt and Winston. All rights reserved.



Short Answer

(@ Why is it important for the pancreas
to release bicarbonate into the small
intestine?

@ How does the structure of the small
intestine help the small intestine
absorb nutrients?

(D What is a kidney stone?

(D Concept Mapping Use the following
terms to create a concept map: teeth,
stomach, digestion, bile, saliva, mechani-
cal digestion, gallbladder, and chemical
digestion.

0 Predicting Consequences How would
digestion be affected if the liver were
damaged?

€D Analyzing Processes When you put a
piece of carbohydrate-rich food, such
as bread, a potato, or a cracker, into
your mouth, the food tastes bland.
But if this food sits on your tongue for
a while, the food will begin to taste
sweet. What digestive process causes
this change in taste?

¢ Making Comparisons The recycling
process for one kind of plastic begins
with breaking the plastic into small
pieces. Next, chemicals are used to
break the small pieces of plastic down
to its building blocks. Then, those
building blocks are used to make new
plastic. How is this process both like
and unlike human digestion?

Copyright © by Holt, Rinehart and Winston. All rights reserved.

INTERPRETING GRAPHICS

The bar graph below shows how long
the average meal spends in each por-
tion of your digestive tract. Use the
graph below to answer the questions
that follow.

Length of Time in Digestive Organs

13
12
11
10

©

Time (in hours)

O = DNWDIU O N O®

Mouth &
esophagus

Stomach Small Large

intestine  intestine

Organs of the digestive tract

@ In which part of your digestive tract
does the food spend the longest
amount of time?

€ On average, how much longer does
food stay in the small intestine than in
the stomach?

¢ Which organ mixes food with special
substances to make chyme? Approxi-
mately how long does food remain in
this organ?

€D Bile breaks large fat droplets into very
small droplets. How long is the food in
your body before it comes into contact
with bile?
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EOG Prep

Read the passage below. Then, read each question that follows the
passage. Decide which is the best answer to each question.

Passage 1 When you lose water, your blood
becomes more concentrated. Think about how
you make a powdered drink, such as lemonade.
If you use the same amount of powder in 1 L of
water as you do in 2 L of water, the drinks will
taste different. The lemonade made with 1 L of
water will be stronger because it is more concen-
trated. Losing water through sweating increases
the concentration of sodium and potassium in
your blood. The kidneys force the extra potassium
out of the blood stream and into nephrons. From
the nephrons, the potassium is eliminated from
the body in urine.

1. The words more concentrated in this passage
refer to

A the same amount of water with different
amounts of material dissolved in it.

B small amounts of material dissolved in
small amounts of water.

C large amounts of material dissolved in large
amounts of water.

D a given amount of material dissolved in a
smaller amount of water.

2. Which of the following statements is a fact
from the passage?
F Blood contains both potassium and sodium.
G Losing too much sodium is dangerous.

H Potassium and sodium can be replaced by
drinking an exercise drink.

1 Tears contain sodium.

220 Chapter 7

Passage 2 Three major types of nutrients—car-
bohydrates, proteins, and fats—make up most
of the food you eat. Chemical substances called
enzymes break these nutrients into smaller particles
for the body to use. For example, proteins, which
are chains of smaller molecules called amino acids,
are too large to be absorbed into the bloodstream.
So, enzymes cut the chain of amino acids. These
amino acids are small enough to pass into the
bloodstream to be used by the body.

1. According to the passage, what is a
carbohydrate?

A an enzyme

B a substance made of amino acids

C anutrient

D the only substance in a healthy diet

2. Which of the following statements is a fact
from the passage?

F Carbohydrates, fats, and proteins are three
major types of nutrients.

G Proteins are made of fats and carbohydrates.

H Some enzymes create chains of proteins.

1 Fats are difficult to digest.

3. Which of the following can be inferred from
the passage?
A To be useful to the body, nutrients must be
small enough to enter the bloodstream.
B Carbohydrates are made of amino acids.
€ Amino acids are made of proteins.

D Without enough protein, the body
cannot grow.

The Digestive and Urinary Systems
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INTERPRETING GRAPHICS

Use the figure below to answer the questions

that follow.
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. The container is divided by a membrane. What

can you conclude from the diagram?

A Water molecules can pass through the
membrane.

B Food-coloring molecules can pass through
the membrane.

C Both water molecules and food-coloring
molecules can pass through the membrane.

D Neither water molecules nor food-coloring
molecules can pass through the membrane.

. If the membrane has holes that separate

molecules by size,

F food-coloring molecules are larger than
water molecules.

G water molecules are larger than food-
coloring molecules.

H water molecules and food-coloring
molecules are the same size.

I the holes are smaller than both water
molecules and food-coloring molecules.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

3. The concentration of food-coloring molecules
in the columns labeled “Water and food
coloring”

A is greater in 2 than in 1.
B is greater in 1 than in 2.
C is the same in 1 and 2.
D cannot change.

MATH

Read each question below, and choose the
best answer.

1. Cora is 1.5 m tall. Cora’s small intestine is 6 m
long. How many times longer is Cora’s small
intestine than her height?

A 3 times longer
B 4 times longer
C 5 times longer
D 6 times longer

2. During a water-balance study that was
performed for one day, a woman drank
1,500 mL of water. The food she ate contained
750 mL of water, and her body produced
250 mL of water internally during normal
body processes. She lost 900 mL of water in
sweat, 1,500 mL in urine, and 100 mL in feces.
Overall, how much water did she gain or lose
during the day?

F She gained 1,500 mL of water.

G She lost 900 mL of water.

H She gained as much water as she lost.

I She lost twice as much water as she gained.

3. There are 6 blue marbles, 2 red marbles, and
4 green marbles in a bag. If someone selects
1 marble at random from the bag, what is the
probability that the marble will be blue?

A 1/5
B 1/4
C 1/3
D 1/2

uonesedald 1s9] pazipiepuels
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Science

in Action

Weird Scienc

Tapeworms

What if you found out that you had a con-
stant mealtime companion who didn’t want
just a bite but wanted it all? And what if that
companion never asked for your permis-
sion? This mealtime companion might be
a tapeworm. Tapeworms are invertebrate
flatworms. These flatworms are parasites. A
parasite is an organism that obtains its food
by living in or on another organism. A tape-
worm doesn’t have a digestive tract of its
own. Instead, a tapeworm absorbs the nutri-
ents digested by the host. Some tape worms
can grow to be over 10 m long. Cooking
beef, pork, and fish properly can help pre-
vent people from getting tapeworms. People
or animals who get tapeworms can be
treated with medicines.

\ i WA
Social Studies ,A_S-'Ii_yLIy
I'TITTd  The World Health Organization
SKILL nd the Pan American Health
Organization have made fighting intestinal
parasites in children a high priority. Conduct
library or Internet research on Worm Bust-
ers, which is a program for fighting para-
sites. Write a brief report of your findings.
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The Digestive and Urinary Systems

Science, Technology,
and Society

Pill Cameras

Open wide and say “Ahhhh.” When you
have a problem with your mouth or teeth,
doctors can examine you pretty easily. But
when people have problems that are further
down their digestive tract, examination
becomes more difficult. So, some doctors
have recently created a tiny, disposable
camera that patients can swallow. As the
camera travels down the digestive tract, the
camera takes pictures and sends them to a
tiny recorder that patients wear on their
belt. The camera takes about 57,000 images
during its trip. Later, doctors can review the
pictures and see the pictures of the patient’s
entire digestive tract.

Math B\Elll’ﬂk

If a pill camera takes 57,000 images while
it travels through the digestive system and
takes about two pictures per second, how
many hours is the camera in the body?
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Careers
Christy Krames

Medical Illustrator Christy Krames is a medical illustrator. For 19 years, she has

created detailed illustrations of the inner workings of the human body. Medical illus-

trations allow doctors and surgeons to share concepts, theories, and techniques with

colleagues and allow students to learn about the human body.

Medical illustrators often draw tiny struc-

tures or body processes that would be difficult

or impossible to photograph. For example, a

photograph of a small intestine can show the ; S ; & I
entire organ. But a medical illustrator can add to - | S |
the photograph an enlarged drawing of the tiny : % : E .
villi inside the intestine. Adding details helps to
better explain how small parts of organs work
together so that the organs can function.

Medical illustration requires knowledge

of both art and science. So, Christy Krames
studied both art and medicine in college.
Often, Krames must do research before she
draws a subject. Her research may include
reading books, observing surgical procedures,
or even dissecting a pig’s heart. This research
results in accurate and educational drawings

of the inner body.

Language Arts I\CTiVJTy .:'h\

['TI[Td Pretend you are going to publish e
SKILL an atlas of the human body. Write -
a classified advertisement to hire medical illustrators.
Describe the job, and describe the qualities that the

best candidates will have. As you write the ad, remem-
ber you are trying to persuade the best illustrators to

contact you.

. M¥iesissca—i)

Curvent Science

Check out Current Science®
articles related to this chapter
by visiting go.hrw.com. Just
type in the keyword HL5CS24.

To learn more about these
Science in Action topics, visit
go.hrw.com and type in the
keyword HL5BD3F.

Science in Action 223
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About the

This picture may look like it shows a flower
garden or a coral reef. But it really shows
something much closer to home. It shows the
human tongue (magnified thousands of times,
of course). Those round bumps are taste buds.
You use taste and other senses to gather
information about your surroundings.

224 Chapter 8

AeTiViTy

@c Concept Map Before
you read the chapter, cre-

ate the graphic organizer
entitled “Concept Map” described in the
Study Skills section of the Appendix. As
you read the chapter, fill in the concept
map with details about each part or
division of the nervous
system. Include details
about what each part
or division does.

OO
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START:URY. (%A1 {11 2
Act Fast!

If you want to catch an object, your brain sends a
message to the muscles in your arm. In this exercise,
you will see how long sending that message takes.

Procedure

1. Sit in a chair with one arm in a “handshake” posi-
tion. Your partner should stand facing you, holding
a meterstick vertically. The stick should be posi-
tioned so that it will fall between your thumb and
fingers.

2. Tell your partner to let go of the meterstick without
warning you. Catch the stick between your thumb
and fingers. Your partner should catch the meter-
stick if it tips over.

Copyright © by Holt, Rinehart and Winston. All rights reserved.

3. Record the number of centimeters that the stick
dropped before you caught it. That distance repre-
sents your reaction time.

4. Repeat steps 1-3 three times. Calculate the aver-
age distance.

5. Repeat steps 1-4 with your other hand.

6. Trade places with your partner, and repeat
steps 1-5.

Analysis

1. Compare the reaction times of your own hands.
Why might one hand react more quickly than
the other?

2. Compare your results with your partner's. Why
might one person react more quickly than another?

225
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READING WARM-UP

Objectives

@ Describe the relationship between
the central nervous system and the
peripheral nervous system.

@® Compare the somatic nervous sys-
tem with the autonomic nervous
system.

@ List one function of each part of
the brain.

Terms to Learn

central nervous system
peripheral nervous system
neuron

nerve

brain

READING STRATEGY

Discussion Read this section silently.
Write down questions that you have
about this section. Discuss your ques-
tions in a small group.

central nervous system (CNS)
the brain and the spinal cord

peripheral nervous system
(PNS) all of the parts of the nervous
system except for the brain and the
spinal cord

226 Chapter 8

The Nervous System

Which of the following activities do NOT involve your
nervous system: eating, playing a musical instrument,
reading a book, running, or sleeping?

This is a trick question. All of these activities involve your
nervous system. In fact, your nervous system controls almost
everything you do.

Two Systems Within a System

The nervous system acts as the body’s central command post.
Its has two basic functions. First, it gathers and interprets infor-
mation. This information comes from inside your body and
from the world outside your body. Then, the nervous system
responds to that information as needed.

The nervous system has two parts: the central nervous sys-
tem and the peripheral (puh RIF uhr uhl) nervous system. The
central nervous system (CNS) is your brain and spinal cord. The
CNS processes and responds to all messages coming from the
peripheral nervous system. The peripheral nervous system (PNS)
is all of the parts of the nervous system except for the brain
and the spinal cord. The PNS connects all parts of the body to
the CNS. The PNS uses specialized structures, called nerves, to
carry information between your body and your CNS. Figure 1
shows the major divisions of the nervous system.

' (Ll N e /@ Explain the difference between the CNS and
the PNS. (See the Appendix for answers to Reading Checks.)

Figure 1 The CNS (in orange)

acts as the control center for your
body. The PNS (in purple) carries
information to and from the CNS.

Rinehart and Winston. All rights reserved.
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The Peripheral Nervous System

Messages about your environment travel through the nervous

system along neurons. A neuron (NOO RAHN) is a nerve cell that neuron a nerve cell that is special-
is specialized to transfer messages in the form of fast-moving  ized to receive and conduct electrical
electrical energy. These electrical messages are called impulses. impulses

Impulses may travel as fast as 150 m/s or as slow as 0.2 m/s.

Figure 2 shows a typical neuron transferring an impulse.

Neuron Structure
In many ways, a neuron is similar to other cells. A neuron

N Y \ \
has a large region in its center called the cell body. The cell M 'T v c o)
body has a nucleus and cell organelles. But neurons also have )”‘w AAJ Tl CEl

> - <

special structures called dendrites and axons. Dendrites are usu- Time to Travel
ally short, branched extensions of the cell. Neurons receive To calculate how long an
information from other cells through their dendrites. A neuron impulse takes to travel a cer-
may have many dendrites, which allows it to receive impulses tain distance, you can use the
following equation:
from thousands of other cells.
Impulses are carried away from the cell body by axons. time = distance

speed
If an impulse travels 100 m/s,
about how long would it take
an impulse to travel 10 m?

Axons are elongated extensions of a neuron. They can be very
short or quite long. Some long axons extend almost 1 m from
your lower back to your toes. The end of an axon often has
branches that allow information to pass to other cells. The tip
of each branch is called an axon terminal.

WAZTITXITZd In your own words, describe a neuron.

Section 1 The Nervous System 227
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nerve a collection of nerve fibers
(axons) through which impulses

travel between the central nervous
system and other parts of the body

Spinal cord

228

Chapter 8

Nerve

Information Collection

Remember that neurons are a type of nerve cell that carries
impulses. Some neurons are sensory neurons. These neurons
gather information about what is happening in and around
your body. They have specialized nerve endings called receptors.
Receptors detect changes inside and outside the body. For
example, receptors in your eyes detect light. Sensory neurons
then send this information to the CNS for processing.

Delivering Orders

Neurons that send impulses from the brain and spinal cord
to other systems are called motor neurons. When muscles get
impulses from motor neurons, they respond by contracting.
For example, motor neurons cause muscles around your eyes to
contract when you are in bright light. These muscles make you
squint. Squinting lets less light enter the eyes. Motor neurons
also send messages to your glands, such as sweat glands. These
messages tell sweat glands to start or stop making sweat.

Nerves

The central nervous system is connected to the rest of your
body by nerves. A nerve is a collection of axons bundled
together with blood vessels and connective tissue. Nerves are
everywhere in your body. Most nerves have axons of both
sensory neurons and motor neurons. Axons are parts of nerves,
but nerves are more than just axons. Figure 3 shows the struc-
ture of a nerve. The axon in this nerve transmits information
from the spinal cord to muscle fibers.

WA TITTITZ] What is a nerve?

.
/ Axon

terminal
Muscle

fiber Axon

Figure 3 A message from the brain travels
W) ; down the spinal cord, then along the axon of
a motor neuron inside a nerve to the muscle.
The message makes the muscle contract.

Communication and Control
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Somatic and Autonomic Nervous Systems

Remember, the PNS connects your CNS to the rest of your body.
And the PNS has two main parts—the sensory part (sensory
neurons) and the motor part (motor neurons). You know that
sensory nerves collect information from your senses and send
that information to the CNS. You also know that motor nerves
carry out the CNS’s responses to that sensory information. To
carry those responses, the motor part of the PNS has two kinds
of nerves: somatic nerves and autonomic nerves.

Somatic Nervous System

Most of the neurons that are part of the somatic nervous system
are under your conscious control. These are the neurons that
stimulate skeletal muscles. They control voluntary movements,
such as writing, talking, smiling, or jumping.

Autonomic Nervous System

Autonomic nerves do not need your conscious control. These
neurons are part of the autonomic nervous system. The
autonomic nervous system controls body functions that you don’t
think about, such as digestion and heart rate (the number of
times your heart beats per minute).

The main job of the autonomic 