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Build Reading J, Inquiry,
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Check Your Understanding
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technology options. At MyScienceOnline.com
you can immerse yourself in amazing virtual

a even




INTERACT ...

ONLOC

Explore the
Key Concepts.

Each lesson begins

with a series of Key
Concept questions. The
interactivities in each lesson
will help you understand
these concepts and Unlock
the Big Question.

Friction and Gravity

°“ 22 What Factors Affect Friction?

22 What Factors Affect Gravity?

r

CAREERS

my§g Laner DidRY,

a partner and then answer them below.
1.Sports con be more
fun In raduced
gravity. What Jobs
eould be harder ar fess
fun to da in space? Why?

2. What kinds of sports do you think could
be more fun in space? Why?

sy UTEEL] Go to Planet Diary toleam
more about everyday forces.

3
Communicate Discuss thase questions with

At the start of each lesson, My

Planet Diary will introduce you to
amazing events, significant people,

and important discoveries in science

or help you to overcome common
misconceptions about science concepts.

| Vocabulary
+ friction * sliding friction * static friction
« fluid fri « ralling friction * gravity
«moss * weight

Skills
'@ Reading: Identily Supporting Evidence
2 Inquiry: Dasign Experimonts

What Factors Affect Friction?
When you ride a bike on the road, the surface of the tires rubs
against the surface of the road. The foree that two surfaces exert o
each othes when they rub against each other is called friction.
“Tyeo factars that affect the force of friction are the
types of surfaces invalved and how hard the surfaces are pushed
fogether. The biker in Figure 1 would have an casier tine pedal-
1 than on a rugged gravel road. In general,
ess friction than rough surfaces. tmay e o
hat even the smoathest objects—like & patch Vocabulary Latin Word Origins
ap—have irregular, bumpy surfaces. When
fone surface come into contact with those of

g on & nely paved roas

anothet sut iction occurs.
What would happen if you switched 1o a much heavier bike?
et bike harder to pedal because the fires
psh down harder agtinst the road. Similarly. if you rubbed your
hands together forcefully, there would be more fiction than if
o rubbed your hands together lightly. Friction increases
surfaces push harder against each ather.
ction acts in a direction opposite ta the direction of
\he object’s motion. Without frictiod, moving object will
not stop until it strikes another object.

Eriction and Different Surfices
e on of surfaces

fricson
imvobeed. % Sequence Rack the
uard it would be to pedal over them,
h.d-ﬂﬂl-lﬁ‘d!-htkm\'ﬁl d

you about the ameunt of friction ower

Desertification If the soilinaon
of moisture and nutrients, the area
:Edvnnce of desertlike conditions int
fertile is called desertification (dih

One cause of desertificationis cl |

is a period when less rain than norr
droughts, crops fail. Without plant «
blows away. Overgrazing of grasslar
cutting down trees for firewood car

Desertification is a serious probl
and graze livestock where desertific
people may face famine and starvat
central Africa. Millions of rural peo
cities because they can no longer su

apply::

Desertification affects many
areas around the world.

€) Name Which continent |
has the most existing desert? |

@ Interpret Maps Where in
the United States is the greatest
risk of desertification?

9 4,&fer Is desertification a threat
is existing desert? Explain. Circle an
your answer.

1 QEHALLEN(-;E If an area is facing d:

~ | things people could do to possibly |

132 Land, Ain -and Water Resourdl

Explain what you know.

Look for the pencil. When you see
it, it’s time to interact with your
book and demonstrate what you
have learned.

Elaborate further with
the Apply It activities.
This is your opportunity
to take what you've
learned and apply those
skills to new situations.




Interact with your world.

:an become a desert. The
n areas that previously were
urt uh fih kay shun).
nate. For example, a drought
|l falls in an area. During
er, the exposed soil easily
s by cattle and sheep and
ause desertification, too.
. People cannot grow crops
on has occurred. As a result,
Desertification is severe in
: there are moving to the
port themselves on the land.

\ly in areas where there
“rea on the map to support

ertification, what are some
it its effects?

«e-fertile area becomes depleted

Lab Zone

Look for the Lab zone triangle. This means

lesson, you'll have the opportunity to do a

hands-on inquiry activity that will help reinforce

your understanding of the lesson topic.

Land Reclamation Fortunately, it is possible to replace
land damaged by erosion or mining. The process of restoring an
area of land to a more productive state is called land reclamation.
In addition to restoring land for agriculture, land reclamation can
restore habitats for wildlife. Many different types of land reclama-
tion projects are currently underway all over the world. But it is
generally more difficult and expensive to restore damaged land and
soil than it is to protect those resources in the first place. In some
cases, the land may not return to its original state.

FIGURE 4 -

Land Reclamation
These pictures show land before
and after it was mined.

%, Communicate Below the
pictures, write a story about
what happened to the land.

Indian
Ocean

&= Assess Your Understanding

1a. Review Subsoil has (less/imore) plant and
p
animal matter than topsoil.
B existing desert
B High-risk area

[ Moderate-risk area

b. Explain What can happen to soil if plants are
removed?

O | need extra help with __ 2 =
Go to MY SCIENCE @ COACH online for help with this subject.

Evaluate Your Progress.

After answering the Got It question,
think about how you're doing. Did you
get it or do you need a little help?
Remember, my science’ is
there for you if you need extra help.

it's time to do a hands-on inquiry lab. In every




INTERACT

Explore the Big Question.

At one point in the chapter, you'll
have the opportunity to take all that
you've learned to further explore
the Big Question.

Lab =
Ge

- Tome _

B (= Assess Your Undersi

Polln i 0.
e Py BT 1a. Define What are sediments?

908 \What can people do to use
resources wisely?

FIGURE 4

S EGIER Al living things depend on land,

air, and water. Conserving these resources for the future

is important. Part of resource canservation is identifying

and limiting sources of pollutien. : . =

@, Interpret Photos On the photograph, write = . - Air

the letter from the key into the circle that best P 3V o, 3 = Dascribe at least ane thing your community
identifies the source of pollution. y F oy -y - could do ta reduce air pollution.

’ = . ¥5%8, What can pecple do to

@ resources wisely?

b. Explain How can bacteria help
spill in the ocean?

Land
Describe at least one thing your community

could do to reduce pollution on land.

d. [CHALLENGE Why might a comj
to recycle the waste they prod
would reduce water pollution?

Water
Describe at least one thing your community

could do to reduce water pollution.

gotit? -
O i get it! Now | know that wa

can be reduced by

‘ QO | need extra

Go oY sCIENCe @A coacH
with this subject.

- Answer the Big Question.

Now it's time to show what you know
and answer the Big Question.




Interact with your world.

Review What You've Learned.

Use the Chapter Study Guide to review the
Big Question and prepare for the test.

mrscEneT =

VAl Study Guide
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Review and Assessment

Air Pollution and Solutions

7. Which of the lollowing descibes s pallutant
that has been releascd into the air?

a. 1eage b. feschate
€ sediment d. omissions
B.The __ intheupper
stmasphers prevants some of the sun's
ultravielst radiation from reaching Earth.

9. Precics Do you think the hole in the ozone.
bryes il incowass o decraass in sizeT WhyT
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Practice Taking Tests.

Apply the Big Question and take
a practice test in standardized
test format.




INTERACT .

Go to MyScienceOnline.com and immerse yourself
in amazing virtual environments.

~THE BIG QUESTION

Each online chapter starts
with a Big Question.
Your mission is to unlock
the meaning of this Big
Question as each science
lesson unfolds.

<< | The Big Question ["Unlock the Big Question | Explore the Big Question | >> 3 6
The Big Question Check Your Understanding ~ Vocabulary Skill ;

Populations and.Communities [

i <t Ny ‘ o B -3 : "Engage & Explore | T Ex
A P . Planet Diary TR
2 : g
9 3 -

™ “ T ; O

‘ )
gressuwia © ;° M

» VOCAB FLASH CARDS

Practice chapter vocabulary with interactive flash
cards. Each card has an image, definitions in English
and Spanish, and space for your own notes.

<< The Big Question : o Big ¢ 3
The Big Question - Untamed Science  Check Your L g Yy Skl
7 Aol Apply i Directed Vetusi Lab
20 My Cards
& -8
_. R
cdh - x
>
<< ——
d | Engage & txpiore oot o RPN, Elaborats Rl i %
= Applylt  DatheMath  AfhMotion Inteactve A Real Workd Inquiry
Add Notes b
Card 5 of - -
= | _INTERACTIVE ART E e 0
‘At MyScienceOnline.com, many of [} R m /_;; e -’jﬂ! =
= - b i gspan of 180 ‘.' = .J;L-'-:' __‘\1‘ / g ,(
thebbeautlﬂ:ll \nsual§ in your book ko it b . w—/}éﬁ/é"ﬁx:,_ T —
ecome interactive so you can on theic hesd, neck, and = S5O ey N

extend your learning. i - b BRI
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GO ONLINE

> Populations and Communities

‘ ¢ ] [ +H@ http waw mvscienceonline.coml

' PLANET DIARY
My Planet Diary online is the place to find Find Your Chapter

more information and activities related to
the topic in the lesson. n Go to www.myscienceonline.com.

g Log in with username and password.

B Click on your program and select
your chapter.

Still Growing! Mount Everest in the Himalayas 3 . Ke ywo rd S ea rCh
is the highest mountain on Earth. Climbers who 7

reach the peak stand 8,850 meters above sea
level. You might think that mountains never

change. But forces inside Earth push Mount o ; g Log in with username and password.
Everest at least several millimeters higher each §

1 Go to www.myscienceonline.com.

e
year. Over time, Earth’s forces slowly but o)) :
constantly lift, stretch, bend, and break Earth’s e Click on your program and select
crust in dramatic ways! 1 Search.
o > -
. B o] Next s
Go to Planet Diary to learn more Enter the keyword (from your bOOk) in
: : 2
about forces in the Earth's crust. ) the search box.
- " Back
x! o 4

Other Content Available Online
SRS E S8 Follow these young scientists

through their amazing online video blogs as they travel
the globe in search of answers to the Big Questions
of Science.

o VSR E AT Need extra help? My

Science Coach is your personal online study partner.
My Science Coach is a chance for you to get more
practice on key science concepts. There you can
choose from a variety of tools that will help guide you

through each science lesson.

*~VIRTUAL LAB

Get more practice with realistic virtual LR M) Need extra reading help on
labs. Manipulate the variables on-screen a particular science topic? At My Reading Web you
and test your hypothesis. will find a choice of reading selections targeted to
your specific reading level.
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The light and heat that
lightning gives off
travels in the form of
electromagnetic waves.
An electromagnetic
wave consists of
vibrating electric

and magnetic fields
that move through
space at the speed of
light—about 300,000
kilometers per second.

E 5 €"’ £ ,

[G IDEAS OF SCIENCE
Have you ever worked on a jigsaw puzzle? Usually a puzzle has a theme
that leads you to group the pieces by what they have in common. But
until you put all the pieces together you can't solve the puzzle. Studying
science is similar to solving a puzzle. The big ideas of science are like puzzle
themes. To understand big ideas, scientists ask questions. The answers to
those questions are like pieces of a puzzle. Each chapter in this book asks
a big question to help you think about a big idea of science. By answering
the big questions, you will get closer to understanding the big idea.

“. Before you read each chapter, write about what you
know and what more you'd like to know.

BIGIDEA

What do you already know about waves and how
they travel from one place to another?
4, What more would you like to know?

the properties of waves? Chapter 1

-‘f:;‘.‘, What determines the pitch and loudness of
sound? Chapter 2

s make up th he

2ctrum? Chapter 3

&d How does light interact with

matter? Chapter 4

@, After reading the chapters, write what you
have learned about the Big Idea.




Electric field

o _ ) Fields are at
Magnetic field T e ) right angles
\ ) to each other.




HOW WOULD

What are the properties
of waves?

Imagine a sunny day on a calm sea. It

seems as if you can see to the edge

of the world. Suddenly, the clouds roll S UNTAMEI WA Watch the
in, and the waves begin to get larger Untamed Science video to learn
and faster. Soon, you can barely see more about waves.

past the next wave. One after another,

they batter the sailboat, making it

pitch and roll like a wild roller coaster.

<Draw Conclusions What are some

features of waves?







Getting Started

Check Your Understanding

1. Background Read the paragraph below and then answer
the question.

At a public pond, Lionel skips stones and tosses

rocks into the water, sending waves in all directions.
Nearby, Ali floats a wooden boat. Both boys observe
the properties of the waves. The rocks make hlgher
waves than the stones. They watch the interaction
the waves and the boat. The boat bounces vmlenﬂy as
the higher waves travel under it.

(s

omething fleats if it moves
or rests on the surface of a
liquid without sinking.

are its characteristic qualities
or features.

action or effect that things

have on each other. J

* What example in the paragraph suggests that the
properties of waves might affect a floating object?

If you had trouble completing the question above,
visit My Reading Web and type in Characteristics of Waves.

Vocabulary Skill

Identify Multiple Meanings Some words have more than one meaning.
Consider the everyday and scientific meanings of the words below.

Word Everyday Meaning Scientific Meaning

reflection n. serious thought or n. the bouncing back of a wave
consideration from a surface

frequency n. the rate at which n. the number of waves that
something occurs pass a point in a certain time

2. Quick Check Circle in the chart the meaning of reflection
as it is used in the following sentence: An echo is the reflection

of a sound wave.

2 Characteristics of Waves



(> MY READING WEB [\

Chapter Preview

LESSON 1

* wave

° energy

* medium

» mechanical wave
¢ vibration

@ transverse wave
° crest

* trough

¢ longitudinal wave
® compression

¢ rarefaction

®) Summarize
4\ Predict

LESSON 2
* amplitude
» wavelength
* frequency
* hertz

5@ Identify the Main Idea
£\ Calculate

LESSON 3

e reflection

e refraction

o diffraction

* interference

» constructive interference
* destructive interference
* standing wave

* node

* antinode

® resonance

%@ Relate Cause and Effect
£\ Observe

' refraction | -
S > VOCAB FLASH CARDS

For extra help
with vocabulary, visit Vocab Flash
Cards and type in Characteristics
of Waves.




LESSON

What Are Waves?

What Forms Mechanical Waves?

What Are the Types of Mechanical Waves?

pLaneT DiarY FUN FACTS

Communicate Discuss this question with

The Power of Waves a partner. Write your answer below.
How might wave energy impact the
environment? Consider both intended and
unintended consequences.

Where does the energy that powers your
school come from? It may be from oil, gas, or
coal. You also may have heard of using the sun
or wind as energy sources. But did you know

that ocean waves could be used as an energy

source, too? Mechanical systems placed in the
ocean or along the shore transform the energy

from waves into electricity. Unlike oil, gas, or

coal, the energy from ocean waves will not run

out. Although wave energy technology is still
very new, many scientists are optimistic about

its possible use around the world.

SRS Go to Planet Diary to learn
more about waves.

Do the Inquiry Warm-Up
What Are Waves?

4  Characteristics of Waves @

Ze B
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. PLANET DIARY - MY SCIENCE COACH

Vocabulary

°
Skills
*wave ¢energy °medium ¢ mechanical wave @ Reading: Summarize
¢ vibration © transverse wave © crest © trough

4\ Inquiry: Predict
* longitudinal wave *© compression © rarefaction

What Forms Mechanical Waves?

You have probably seen and felt water waves while swimming. But
did you know that many kinds of waves affect you daily? Sound and
light are very different from water waves, but they are waves, too.

Characteristics of Waves What is a wave? A wave is
a disturbance involving the transfer of energy from place to place.
In science, energy is defined as the ability to do work. For example,
the energy of a water wave can lift an object on the water’s surface
as the wave passes under it. But after the wave passes, the water is
calm again.

Most waves need something to travel through. For example,
sound waves can travel through air, water, and even solid materials.
Water waves travel along the surface of the water. A wave can even
travel along an object, such as a rope. The material through which
a wave travels is called a medium. Gases (such as air), liquids (such
as water), and solids (such as ropes) can all act as mediums. Waves
that require a medium to travel are called mechanical waves.

ms——— $9) Summarize On the
——— notebook paper, summarize
the text on this page in
your own words. D
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................. & e Waves and Energy Energy is needed to make a wave.

[CHHEE(}‘E" The newsroedls, Mechanical waves form when a source of energy causes a
such as newspapers and medium to vibrate. A vibration is a repeated back-and-forth or
television stations, carry current up-and-down motion. Moving objects have energy, which they can
events worldwide. Explain how transfer to a medium to produce waves. For example, as you see in
thes yay Tews iravels issimilar fo Figure 1, a motorboat’s propeller can transfer energy to calm water.

ok ol ERATIGHRS. As a result, the particles that make up the water start to vibrate.

The vibrations move through the water, resulting in a wave.

L0 R 1 i (O —

Forming a Mechanical Wave
A source of energy in a medium can cause a
mechanical wave to form.

% Explain Draw an arrow from
each box to the correct part of
the photo. Then tell your reason
for each choice in the boxes.

s ‘1
Energy Source
Moving objects have energy.

Vibration

“| When a vibration moves through
v .
ﬂ a medium, a wave results.

-

Medium
Mechanical waves form in mediums.

-

= Lab -
Causes Mechanical Waves? |
__zome “UT°T METTETEE R

Assess Your Understanding
got‘:,;.?......... ................ T T Y Sssvseesermsnseasssanans cosssursestasbEasansse SessvstessTEsssnn =

£ A

O I get it! Now | know that a mechanical wave forms when

O I need extra help with
Go to MY science @A COACH online for help with this subject.
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What Are the Types

of Mechanical Waves?

Waves move through mediums in different ways. The three
types of mechanical waves are transverse waves, longitudinal
waves, and surface waves. These waves are classified by how they
move through mediums.

Transverse Waves When you make a wave on a rope, the
wave moves from one end of the rope to the other. However, the
rope itself moves up and down or from side to side, at right angles
to the direction in which the wave travels. A wave that vibrates the
medium at right angles, or perpendicular, to the direction in which
the wave travels is called a transverse wave.

Making a transverse wave on a rope forms high and low points
along the rope. A high point on a transverse wave is called a crest,
and a low point is called a trough (trawf). In Figure 2, you can
see that the red ribbon on the rope is first at a crest and then at a
trough. As the wave moves through the rope, the ribbon moves up
and down between crests and troughs. The dashed line shows the
ropes position before it was moved. It is called the rest position.

FIGHRE D wesnarssesmeremssessmsmnssbiometmibuaiobiasmasmsves veseness s ey tes chsadiins

Motion in a Transverse Wave :
When you shake out a bedsheet or move a rope up and down
you create a transverse wave.

@, Complete the tasks.
1. Identify Label the crest, trough, and rest position.

2. Relate Text and Visuals Draw a vertical line through the
purple arrows and a horizontal line through the blue arrow
until it touches the vertical line. What angle did you draw?

f v

Vocabulary Identify Multiple
Meanings The word trough has
more than one meaning. Write
two sentences that use the word,
one showing its everyday mean-
ing and one showing its scientific
meaning.




1 o R
Motion in a

Longitudinal Wave

Fixed points on a transverse
wave vibrate up and down.

Fixed points on a longitudinal
wave, such as the one marked by
the red ribbon, vibrate back and
forth.

% Interpret Diagrams Label
the areas of compression and
rarefaction in the diagram.

Push

Pull

Longitudinal Waves If you push and pull one end of
a spring toy, you can produce a longitudinal wave like the one
shown in Figure 3. Notice that the coils in the spring move back
and forth in the same direction, or parallel, to the wave’s motion.
A longitudinal wave (lawn juh Too duh nul) vibrates the medium
in the same direction in which the wave travels. Also, notice how
the spacing between the coils varies. Some coils are close together,
while others are farther apart. An area where the coils are close
together is called a compression (kum PRESH un). An area where
the coils are spread out is called a rarefaction (rair uh rax shun).
As compressions and rarefactions travel along the spring toy,
each coil moves forward and then back. The energy travels from
one end of the spring to the other, in the form of a wave. After the
wave passes, each coil returns to its starting position.

Direction of Wave -

-apply:

Sound waves are longitudinal waves. The picture shows an
area of air as the compressions and rarefactions of a sound
wave pass through it. The dots represent air particles.

@) Classify Write an R in the rarefaction areas
and a Cin the compression areas.

(2] &edict Draw what the particles should look like
in area Z.

& [] ® e o %y

e e @ eo@
[]

e * . ° ..:o.‘.~

L] . ® 5 .. O.t.b
i L] .....'.

) L]
. " L N L] ...-

Direction of Wave -
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Surface Waves Surface waves are combinations of
transverse and longitudinal waves. This type of wave travels along

a surface that separates two mediums. Ocean waves are the most
familiar surface wave. An ocean wave travels at the surface between
water and air. When a wave passes through water, the water (and
anything on it) vibrates up and down, like a transverse wave on a
rope. The water also moves back and forth slightly in the direction
that the wave is traveling, like the coils of a spring. But unlike the
coils of a spring, water does not compress. The up-and-down and
back-and-forth movements combine to make each particle of water
move in a circle, as you see in Figure 4.,

EIGURE.Z: svssvsinsisnsissnsnnnmnnnnsosnnmsssns

Waves
Transfer Energy

A wave moves the bottle in a
circular motion. After the wave
passes, the bottle returns to
where it started.

A @’edict In the empty box,
draw what the next picture

should look like.

A® Dothe QuickLab |

Assess Your Understanding

4
1a. Review Compared to the direction it gOtlt'
travels, at what angle does a transverse wave
vibrate a medium?

"sssssese

of mechanical waves are

. Three Types of Waves. |

O I getit! Now I know that the three types

b. Compare and Contrast How are transverse
and longitudinal waves alike and different?

sssssssnas

O I need extra help with

Go to MY sc1ence @ COacH online for help with
this subject.




What Are the Amplitude, Wavelength,
Frequency, and Speed of a Wave?

How Are Frequency, Wavelength,
and Speed Related?

-

my g LaneT DidRY

The Sound of Romance

Bzzzzzzzzz! Bzzzzzzzzz! What's that noise?
It's the sound of a mosquito buzzing in your ear.
This distinct buzzing sound comes from sound
waves formed as a mosquito beats its wings.
Researchers recently discovered that the buzzing
sound of female mosquitoes attracts male mosqui-

Y ¢

Communicate Discuss this question with
a partner. Write your answer below.

What are two other animals you know
of that make buzzing sounds?

toes. When a male mosquito meets a female, he
quickly adjusts his own buzz to match the frequency
of the sound waves created by
the female. Researchers
think that this matched
buzzing frequency
aids in mosquito
mating.

oooooooooooooooocoodc

® Do the Inquiry Warm-Up
What Do Waves Look Like?
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Vocabulary Skills
© amplitude « wavelength =« frequency * hertz 5@ Reading: Identify the Main Idea
Inquiry: Calculate

What Are the Amplitude,
Wavelength, Frequency,
and Speed of a Wave?

Waves may vary greatly. For example, waves can be long or
short. They can carry a little energy or a lot of energy. They can
be transverse or longitudinal. However, all waves have common
properties—amplitude, wavelength, frequency, and speed. S \
Amplitude describes how far the medium in a wave moves. : :
Wavelength describes a wave’s length, and frequency describes
how often it occurs. Speed describes how quickly a wave moves.

Amplitude The height of a wave’s crest depends on its
amplitude. Amplitude is the maximum distance the medium
vibrates from the rest position. For a water wave, this distance is
how far the water particles move above or below the surface level
of calm water. High waves have more energy than low waves. The
more energy a wave has, the greater its amplitude.

A transverse wave is shown in Figure 1. Its amplitude is the
maximum distance the medium moves up or down from its rest
position. The amplitude of a longitudinal wave is a measure of
how compressed or rarefied the medium becomes. When the
compressions are dense, it means the wave’s amplitude is large.

FIGLIREST rmrunsmonnmamenn o ssamas st sinssinsimsss s maiss s sy s i evossssamaia s
Amplitude

The amplitude of a transverse wave is the maximum distance
the medium vibrates from the rest position.

% Label the parts of the wave. Then answer the question.
Measure What is the amplitude of the wave in centimeters?

4/ Rest position ¢

11



FIGURE 2 --vereesessssssranssnrarsossrsannnnnnnsasesnss

Properties of Waves
All waves have amplitude,
wavelength, frequency, and speed.

%, Read the text on these pages
before filling in the boxes and
answering these questions.

1. Name Which transverse wave
has the shortest wavelength?

2. Apply Concepts If a transverse
wave travels 10 meters in
5 seconds, what is its speed?

3. Draw Conclusions How does
a shorter wavelength affect the
frequency of a wave?

%@ Identify the Main Idea Read
the text. Underline the main idea
in each of the three sections.

12 Characteristics of Waves

Transverse Wave

Crest

27 Rest position

Trough

Direction of wave -

Longitudinal Wave Compression

A0 OO0

5

e

Wavelength A wave travels a certain distance before
it starts to repeat. The distance between two corresponding
parts of a wave is its wavelength. You can find the wave-
length of a transverse wave by measuring the distance from
crest to crest as shown in Figure 2. For a longitudinal wave,
the wavelength is the distance between compressions.

Frequency The frequency of a wave is the number of
waves that pass a given point in a certain amount of time.
For example, if you make waves on a rope so that one wave
passes by a point every second, the frequency is 1 wave per
second. Move your hand up and down more quickly and you
increase the frequency.

Frequency is measured in units called hertz (Hz), and
is defined as the number of waves per second. A wave that
occurs every second has a frequency of 1 wave per second
(1/s) or 1 Hz. If two waves pass every second the frequency
is 2 waves per second (2/s) or 2 Hz.



Which wave has the greater amplitude—yellow or blue?

+— Amplitude

—Wavelength———

——Wavelength——

0 00RO ODIMIA0 00 Oom

Speed Different waves travel at different
speeds. Think about watching a distant thunder-
storm on a hot summer day. The thunder occurs
the instant the lightning flashes, but the light and
sound reach you seconds apart. This happens
because light waves travel much faster than sound
waves. In fact, light waves travel about a million
times faster than sound waves!

The speed of a wave is how far the wave travels
in a given amount of time. You can determine a
wave's speed by dividing the distance it travels by
the time it takes to travel that distance. Sound, for
example, travels about 990 meters in 3 seconds
in air when the temperature is 0°C. Therefore,
its speed is 330 m/s in these conditions. As long
as the temperature of the medium (air) doesn’t
change, the speed of sound will stay the same.

. w‘\“‘_“-t

One yellow wave passes this
point each second, so the

frequency is

+~Wavelength-

[Two green waves pass this point each }

second, so the frequency is

«— Rarefaction —e

vauy i

\'
——— | .

Do tH;_Quick Léb

Assess Your Understanding

O I get it! Now | know that for any wave,

amplitude describes

wavelength describes

frequency describes

and speed describes _

O I need extra help with _

Go to MY SCi1ence & COACH online for help
with this subject.
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How Are Frequency, Wavelength,
and Speed Related? |

You just learned that you can calculate the speed of a wave by
dividing the distance it travels by the time it takes to travel that
distance. But you can also calculate the speed of a wave if you
know its wavelength and frequency. The speed, wavelength,
and frequency of a wave are related by a mathematical formula.

Speed = Wavelength X Frequency

If you know two quantities in the formula, you can calculate

the third quantity. For example, if you know a wave's speed and

wavelength, you can calculate its frequency. If you know the
speed and frequency, you can calculate the wavelength.

FreqUency — _,_M__
Wavelength

Wavelength = _Speed
Frequency

The speed of a wave remains constant if the medium,
temperature, and pressure do not change. For example, all

sound waves travel at the same speed in air at a given temperature
¥ and pressure. Even if a sound wave’s frequency changes, its speed
 stays the same. So, if the frequency of a sound wave increases, its
wavelength must decrease to maintain a constant speed.

do the

math! \

The table shows measurements of
some properties of a sound wave in
water and in air. Water 200 Hz 1500 m/s

Medium  Wavelength Frequency Speed

@ Galculate Using what you know Water 3.75m 400 Hz

about the relationship between Air (20°C) 10m 343 m/s

wavelength, frequency, and speed, =
fill in the table. Air (20°C) 17.15 Hz 343 m/s

(2] ICHALLENGE " What can this table

tell you about the speed of a wave?

14 Characteristics of Waves



1u:

Assess Your Understanding

NSWe,

la. h@ What are the properties of waves?

b. Calculate A wave's frequency is 2 Hz and its
wavelength is 4 m. What is the wave's speed?

SsessssasssnssenesnnnnEs

ssesanesenens

What are the properties of waves?

FIGURE 3

PANEYEITGID The waves in some amusement
park wave pools are controlled by regularly spaced
bursts of air. Changing the timing and strength of
these air bursts also changes the characteristics of
the waves that result.

@, Predict List and describe four wave
characteristics. Which characteristic(s) do you
think would change if the air bursts were
stronger? Which would change if more air bursts
came in a shorter amount of time? Explain.

i, R, /i, i
Do the Quick Lab What Affects
the Speed of a Wave?

got;t?
O I get it! Now | know that wavelength,
frequency, and speed are related by the

formula

O I need extra help with

Go to MY Sc1ence @A COaCH online for help with
this subject.

15




The Fall of Galloping Gertie

“My breath was coming in gasps; my knees
were raw and bleeding, my hands bruised and
swollen.... Safely back at the toll plaza, | saw
the bridge in its final collapse and saw my car
plunge into the Narrows.”

This dramatic piece of writing is a witness'’s
real-life account of the collapse of the Tacoma
Narrows Bridge in Tacoma, Washington, on
November 7, 1940.

Prior to its collapse, the suspension bridge
was known for its swaying and rolling in the
wind. This motion happened so regularly that
the bridge was nicknamed “Galloping Gertie.”
Only four months after its construction,

the bridge collapsed into the waters

of Puget Sound during a windstorm. -
Although a disaster, Galloping Gertie's ommunicate Discuss th i .
collapse became a valuable teaching with a partner. Write you‘: ::L':Ve\’:_:%:ll;estlons
tool for engineers. 1. Why is “Galloping Gertie” an w.
nickname for the bridge?

appropriate

A

———

Do the Inquiry Warm-Up

b
7 .
——REF“Q \ ng Doe; aEaH B-OLfnCe-;. F

2.1f 3I/Jou were an fengineer studying this bridge
collapse, what is one thing you would research?

1id Go to Planet Dia
tol
about waves interacting. s

16 Characteristics of Waves e
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Vocabulary

' Changing Wave Direction

¢ reflection @ refraction © diffraction © interference
- constructive interference ¢ destructive interference
* standing wave © node ¢ antinode © resonance

Skills
@) Reading: Relate Cause and Effect
4\ Inquiry: Observe

What Changes the
Direction of a Wave?

If you toss a ball against a wall, the ball bounces back in a new
direction. Like a ball, waves can also change direction. (g Waves
change direction by reflection, refraction, and diffraction.

Reflection When a wave hits a surface, any part of the wave
that cannot pass through the surface bounces back. This interaction
with a surface is called reflection. Reflection happens often in your

everyday life. When you looked in your mirror
» this morning you used reflected light to see
yourself. The echo you hear when you shout
in an empty gym is also a reflection.
In Figure 1 you can see how light waves
are reflected. All reflected waves obey the law
of reflection.

EIGURE d-sveriagic: e =% i (0
The Law of Reflection

The law of reflection states that the
angle of incidence equals the angle
of reflection.

@, Explain Read the sequence of
steps, matching each step to its
letter in the photo. If the angle of
incidence is 45°, explain what the
angle of reflection would be.

P

© Incoming wave A wave moving toward
* the surface at an angle. :

@ Angle of incidence The angle between
the incoming wave and the normal.

@ Normal A line perpendicular to the surface
at the point where reflection occurs.

@ Angle of reflection The angle between
the reflected wave and the normal.

@ Reflected wave A wave bouncing off
the surface at an angle.

. PR



% Relate Cause and Effect
In the second paragraph,
circle the cause of refraction
and underline the effect of
refraction.

Relra §
U L] o =
C] De C = e = dle
d d angie pecd e = ae o
= - e - e = = - e
O Qo pefore e O B
ae aoe
Relate Diagra and Photo
ppose O 2d @ O
a corner of an empty poo
a differe pot be D
PDOO =8 aLe
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Have you ever ridden a skateboard and gone
off the sidewalk onto grass? If so, you know it’s hard to keep
moving in a straight line. The front wheel on the side moving
onto the grass slows down. The front wheel still on the sidewalk

continues to move fast. The difference in the speeds of the two
front wheels causes the skateboard to change direction.
Like a skateboard that changes direction,
changes in speed can cause waves to change
direction. Look at Figure 2. When a wave enters
a new medium at an angle, one side of the wave
changes speed before the other side. This causes the
wave to bend. Bending occurs because different parts
of the wave travel at different speeds. Refraction is the
bending of waves due to a change in speed.
Waves do not always bend when entering a new
medium. No bending occurs if a wave enters a new
medium at a right angle. Bending does not occur if

the speed of the wave in the new medium is the
same as the speed of the wave in the old medium.

Beam of light

s Air

Wave crests

Water

Pr s

[reszgen




Diffraction Waves sometimes bend around barriers or pass e e
through openings. When a wave moves around a barrier or through ~ The Diffraction
an opening in a barrier, it bends and spreads out. These wave of Water Waves
interactions are called diffraction. Two examples of diffraction Water waves diffract when they
are shown in Figure 3.

encounter canals or shorelines.

The waves spread
out after passing
through the narrow
opening.

\ The waves
bend around
the barrier.

Use the three pictures on the right
to answer the questions.

(1] ,,Qbserve Under each picture, write how
the waves are changing direction.

@ Summarize In what way are reflection,
refraction, and diffraction similar?

32 e e & 7 i Lab® Do the Lab Investigation
R B ' & T &7 ~ zone Making Waves.
Lad Assess Your Understanding

ot;?
1a. Define What is diffraction? : 9

O | get it! Now | know that a wave's direction

can be changed by

b. Classify A wave bends after entering a new

medium. What type of interaction is this? :
O | need extra help with

Go to MY sc1ence @A COACH online for help with
this subject.

19



What Are the Two Types
of Wave Interference?

Have you ever seen soccer balls collide? The balls bounce off

each other because they cannot be in the same place at the same
time. Surprisingly, this is not true of waves. Unlike two balls, two
waves can overlap when they meet. Interference is the interaction

between waves that meet. There are two types of interference:

constructive and destructive.

did you

Nnow.

when the crests of two waves overlap, they make

Constructive Interference Interference in which
waves combine to form a wave with a larger amplitude than any
individual wave’s amplitude is called constructive interference.
You can think of constructive interference as waves “helping
each other}” or adding their energies. For example, in Figure 4,

a higher crest.

If two troughs overlap, they make a deeper trough. In both cases,

Interference is responsible for the amplitude of the combined crests or troughs increases.
the iridescent colors seen in oil —
films, soap bubbles, and the e _

feathers of some birdslike the —
common grackle. The structure

-

of the bird’s feathers creates the
interference. The bright colors
are only seen at specific angles
of reflection.

FIGURE 4 seseeeessrssssnssenssasssrsnosasnnnnnns — — L

@ Two waves
approach each
other. The wave
on the left

has a greater
amplitude.

Constructive Interference
@, Infer Explain what the
black dotted line represents.

Then tell what happens to the
direction of each wave when
the waves meet.

@ The crest's
new amplitude

is the sum of the
amplitudes of the
original crests.

9 The waves
continue on as if
they had not met.

20 Characteristics of Waves
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Destructive Interference Interference in which two
waves combine to form a wave with a smaller amplitude than either
original wave had is called destructive interference. Destructive
interference can occur when the crest of one wave overlaps the
trough of another wave. If the crest has a larger amplitude than the
trough of the other wave, the crest “wins” and part of it remains.

If the original trough had a larger amplitude than the crest of the
other wave, the result is a trough. If a crest and trough have equal
amplitudes, they will completely cancel as shown in Figure 5.
Destructive interference is used in noise-canceling headphones to
block out distracting noises in a listener’s surroundings.

EIGIIRE G siseiesernsmiassoo avmeeinaraniadee
IIET I # a8 Destructive
Interference

A ;Qbserve Look at

the pictures below. In the
boxes, describe the steps

of destructive interference.

Do the Quick Lab

---------------------------------------------------------------------------

O I get it! Now | know that the two types of wave interference are

Wave Interference.

------------------------------------------

O I need extra help with

Go to MY science @A COACH online for help with this subject.
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AL ] S RO ———
Standing Waves

As the frequency of the standing
wave increases, more nodes and
antinodes are created.

%\ Complete the tasks.

1. Identify In the second box,
label the nodes and antinodes.

2. {CHALLENGE ' |n the third box,
draw the next standing wave
in the series, and label its
nodes and antinodes.

1 Wavelength

I

I

I

I

I

I

i ®
: Antinode
]

I

]

|
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How Do Standing Waves Form?

If you tie a rope to a doorknob and shake the free end, waves

will travel down the rope, reflect at the end, and come back.

The reflected waves will meet the incoming waves and interference
occurs. (=2 If the incoming wave and reflected wave have

just the right frequency, they combine to form a wave that
appears to stand still. This wave is called a standing wave.

A standing wave is a wave that appears to stand in one place, even
though it is two waves interfering as they pass through each other.

Nodes and Antinodes In a standing wave, destructive
interference produces points with zero amplitude, called nodes,
as shown in Figure 6. The nodes are always evenly spaced along
the wave. At points in the standing wave where constructive
interference occurs, the amplitude is greater than zero. Points

of maximum amplitude on a standing wave are called antinodes.
The antinodes always occur halfway between two nodes.

13 Wavelengths 2 Wavelengths
&
r ! N
1
1
I
I
I
1
I
A
r I N \
I
I
I
I
I
I g
£
|
I
1
I
I
|
&l
e




Resonance Have you ever pushed a child on a swing? At first s f
the swing is difficult to push. But once it is going, you need only a B . ‘F
gentle push to keep it going. This is because the swing has a natural w
frequency. Even small pushes that are in rhythm with the swing’s
natural frequency produce large increases in the swing’s amplitude.

Most objects have at least one natural frequency of vibration.
Standing waves occur in an object when it vibrates at a natural
frequency. If a nearby object vibrates at the same frequency, it can
cause resonance. Resonance is an increase in the amplitude of a
vibration that occurs when external vibrations match an object’s
natural frequency.

The Tacoma Narrows Bridge, or “Galloping Gertie;” may have
collapsed because of resonance. Storm winds are said to have
resonated with the natural frequency of the bridge. This caused the
amplitude of the bridge’s sway to increase until the bridge collapsed.
You can see the result of the collapse in Figure 7.

(L. e

el
~ay

FTGURET sswwwsmsvovwmsscsssenansass s tsmitsssesss s sssices sssmamennnn nensnnansnnmns

The Power of Resonance
Winds blew as fast as 67 km/h during the storm in which
the Tacoma Narrows Bridge collapsed.

%x Redesign What might engineers do differently
when designing a new bridge for this location?

= o _ _3 = La ® Do the Quick Lab
1 SR 3 - ' - ' Standing Waves.

_zone
C= Assess Your Understanding

2a. Describe What causes resonance to occur? : g0t;fﬁ?

e i S Tl Sl ! O I getit! Now | know that standing waves form

when

b. @ Relate Cause and Effect What causes .
nodes to form in a standing wave? : o ToE NN e Ty Y Sk lieh e

O I need extra help with ____

Go to MY sc1ence @A COACH online for help with
this subject.
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CHAPTER

I Study Guide

eVIE 5 g
D7 g The basic properties of waves are : '

, and

L4590 F What Are Waves?

Mechanical waves form when a source of energy causes a medium to vibrate.

The three types of mechanical waves are transverse waves, longitudinal waves,
and surface waves.

Vocabulary
e wave ®energy ®medium ¢ mechanical wave ¢ vibration e transverse wave © crest
e trough e longitudinal wave ¢ compression ® rarefaction

- T, ”

L350\ Properties of Waves

Amplitude describes how far the medium in a wave
moves. Wavelength describes a wave's length, and
frequency describes how often it occurs. Speed describes
how quickly a wave moves. ;

The speed, wavelength, and frequency of a wave
are related by a mathematical formula:
Speed = Wavelength X Frequency.

Vocabulary
e amplitude ¢ wavelength e frequency © hertz

14390\ ¢) Interactions of Waves

Waves change direction by reflection, refraction, and diffraction.
There are two types of interference: constructive and destructive.

If the incoming wave and reflected wave have just the right
frequency, they combine to form a wave that appears to stand still.
This wave is called a standing wave.

Vocabulary

o reflection ® refraction e diffraction e interference

e constructive interference ® destructive interference e standing wave
* node * antinode ¢ resonance

24 (Characteristics of Waves
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Review and Assessment

What Are Waves?

1. A wave transfers

a. energy. b. particles

€. water. d. air.

2, form when a
source of energy causes a medium to vibrate.

3. Classify Label the crest(s) and trough(s) on the
transverse wave.

4. Compare and Contrast What is the difference
between a transverse wave and a longitudinal
wave?

5. Relate Cause and Effect Suppose ripples
move from one side of a lake to the other.
Does the water move across the lake? Explain.

1255007 Properties of Waves

6. The distance between two crests is a wave's

a. amplitude. b. wavelength.

¢. frequency. d. speed.

7. The of a wave is the
number of waves that pass a given pointin a
certain amount of time.

This wave in the middle of the ocean was
produced by an underwater earthquake. Use
the diagram to answer Questions 8-10.

200,000 m
Speed 200 m/s '

8. Interpret Diagrams What is the amplitude
of the wave? What is its wavelength?

9. Calculate Find the frequency of the wave.

10. math! How long would it take this wave
to travel 5,000 km?
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CHAPTER

{8 Review and Assessment

125000 Interactions of Waves

11. The bending of a wave due to a change

12.

in speed is called
a. interference. b. reflection.
¢. diffraction. d. refraction.

occurs when external

vibrations match an object’s natural frequency.

13. Predict Two waves are traveling toward

each other. The crests from the waves meet.
Describe what happens.

14. Draw Conclusions If you push a shopping

cart and one wheel hits a rough patch of
concrete, it is difficult to steer the cart in
a straight line. Explain how this is similar
to refraction of a wave as it enters a new
medium.

7. What are the properties
of waves?

16. During a storm, a TV reporter says, "The ocean

waves are 3 meters high. They are about 45 m
apart and are hitting the shore every

15 seconds.” Think about the four basic
properties of waves and describe these ocean
waves using the correct science words. (Hint:
You will need to do some calculations first.)

15. GV LOTATE Wave interaction occurs often

by

5

in the environment. Describe three different

“/ ways that you could observe waves changing

direction in an indoor swimming pool. Mention
as many types of waves as possible.
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Standardized Test Prep

Multiple Choice

Circle the letter of the best answer.

1. Two waves approach each other as shown in

the diagram below. What will be the amplitude

of the wave produced when the crests from
each wave meet?

Wave A Wave B

A
C

20 cm B 35cm
15 ecm D 5cm

2. When a wave enters a new medium at 60° and
changes speed, the wave

A

does not bend because one side
changes speed before the other side.
does not bend because the angle

is less than 90°.

bends because both sides change
speed at the same time.

bends because one side changes
speed before the other side.

3. The speed of a wave in a spring is 3 m/s.
If the wavelength is 0.1 m, what is the

frequency?
A 30Hz B 03Hz
C 30m/s D 03m/s

4. Which of the following is true about
- standing waves?

A Constructive interference produces
points with zero amplitude.

B The nodes are unevenly spaced along
the wave.

C The amplitude of antinodes is greater
than nodes.

D Nodes are points of maximum energy
on the wave.

5. What is the angle of incidence if a reflected
wave bounces off a mirror at an angle of 65°?
A 25°

B 65°

C 90°

D 115°

Constructed Response

Use the diagram and your knowledge of science
to help you answer Question 6. Write your
answer on a separate sheet of paper.

6. The waves shown above travel at the same
speed. Which wave has the higher frequency?
Which has the longer wavelength? Which has
the greater amplitude?
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Mot Bcience

MGdelIE Research how so-called monster
waves focus and amplify the effects

of surrounding waves. Use computer
technology to create a diagram or to
model the effects. Explain your diagram
or model to a classmate.

28 Characteristi_cs of Waves

For as long as humans have sailed on
the oceans, ships have disappeared
without explanation. People chalked
these losses up to bad luck and bad
weather. A mysterious phenomenon,
proven in 2004 to exist, may finally
explain why some large ships are
never seen again.

Waves in water usually behave like
the other waves around them. Most
waves in an area are about the same
height and move at the same rate.
Ocean waves are rarely more than
15 meters in height and usually
form rolling hills of water. But freak
monster waves can top 30 meters in
height, forming huge walls of water!

Some monster waves form where
two currents meet and their waves
combine. The weather may be
responsible for other monster waves.
If an ordinary large wave travels at

*.. the same speed and in the same

direction as the wind for more than
12 hours, the extra push from the
wind can cause the wave to reach
monster heights. Some monster
waves seem to grow out of normal
ocean wave patterns. Physicists
theorize that these unstable waves
absorb energy from the surrounding
waves and grow to vast heights.

Most ships are not designed to
withstand 30-meter-high waves, so
it's no wonder that little has been
found but wreckage. Fortunately,
scientists are working on ways to
protect ships and sailors in the face
of these enormous destructive waves.
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Can someone really break a glass by singing
a high note? It may seem like a superpower,
but the human voice does have the power
to shatter a crystal wine glass! This feat

is commonly credited to opera singers
because they have very powerful and
well-trained voices.

/ Everyday Bcience

Many wine glasses are made of a type of
glass called crystal. The molecules in a
crystal glass are arranged in a repeating
pattern that forms a repeating internal
structure. If you tap a crystal object, you can
hear a clear tone. That tone is the natural
resonant frequency of vibration for that
crystal. When the crystal is exposed to a
sound at that frequency, the molecules of
the crystal vibrate. When the glass vibrates

. too much, the shape of the glass distorts,

which causes the glass to crack. The cracks
expand very rapidly, and the crystal shatters.

A trained singer can reproduce the natural
frequency of a crystal glass. If the singer
can sing the tone of the crystal’s natural
frequency loudly enough, the singing can
shatter the glass!

" Design It Resonant frequencies can also be

used to make music. Glass harps use wine
glasses filled with varying amounts of water
to create different notes. The player runs

a moistened finger around the rim of each
glass. The size of the glass and the amount
of water determine which note sounds.
Research to learn more about how glass
harps work. Then design an experiment

to test the amount of water needed to
create different pitches. Create a one-page
procedure for your experiment.



What determines the
pitch and loudness of
sound?

their instruments, vibrations travel
through the air as sound waves. The
audience hears the music when their ears
detect the sound waves. Jnfer How do
you hear sound from a drum?

3 8§ Watch the
Untamed Science video to learn
more about sound.




_>THE BIG QUESTION |




Getting Started

Check Your Understanding

1. Background Read the paragraph below and then answer
the question.

sibrate is to move back W
and forth.

One mornmg, an earthquake occurs in California. The

ground vibrates vaves travel out in all directions B g are d:csrtur:‘bgzge;itizt
: carry energy fro a

from the source of the earthquake. The rocks inside roSRathEr

Earth are the m | that transmits the waves.

um is a material
kthrough which a wave travels.

* What happens inside Earth during an earthquake?

SSINEENIEE If you had trouble completing the question above, visit
My Reading Web and type in Sound.

Vocabulary Skill

Identify Multiple Meanings Some familiar words have more than one
meaning. Words you use every day may have different meanings in science.
Look at the different meanings of the words below.

Word Everyday Meaning Scientific Meaning

medium adj. in the middle in quality, n. the material through which a
amount, or size wave travels
Example: The boy is medium in Example: Air is a common medium
size and build. for sound to travel through.

reflect v. to express or show v. to be bent or thrown back
Example: Her skills in basketball Example: The water waves reflect
reflect years of training. off the sides of the pool.

2. Quick Check Circle the sentence below that uses the scientific
meaning of the word reflect.

® Her article reflects thorough research.
e Light waves reflect off the surface of a mirror.
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VOCAB FLASH CARDS |

Chapter Preview

LESSON 1
* density
@ Identify the Main Idea
4\ Graph

LESSON 2
¢ pitch
¢ loudness
* intensity
* decibel
* Doppler effect

@ Compare and Contrast
£\ Make Models

LESSON 3
® music
= fundamental tone
® overtone

@ Identify Supporting Evidence
£\ Predict

LESSON 4

® ear canal
® eardrum
@ cochlea

%@ Relate Cause and Effect
£\ Observe

LESSON 5

@ echolocation
e ultrasound

® sonar

¢ sonogram

@) Ask Questions
&\ Calculate

PALENTSNVGOS For extra help
with vocabulary, visit Vocab Flash
Cards and type in Sound.
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{® The Nature of Sound

What Is Sound?

=2 What Facto A

Thunder and Lightning

It's a hot, sticky summer day, and the sky
is filled with dark clouds. Suddenly, a flash of
light zigzags through the air! A few seconds
later, you hear the loud crack of thunder.

The lightning you see causes the thunder you
hear. The reason you see lightning before
you hear thunder is because light travels
much faster than sound. You can use this fact
to figure out how close the storm is. After
you see a flash of lightning, count off the
seconds until you hear the thunder. Divide .
the number of seconds by five. The result
gives the approximate distance (in miles) to
the storm.

Write your answer to the question below.
You notice that the time between seeing
the lightning and hearing the thunder is
increasing. What does this mean?

P A4 Go to Planet Diary to learn
more about the nature of sound.

. < . ol ¥ . 0 @ hds °
e L T T S, : e 1 T

i ;

® .

“av "'
La ® Do the Inquiry Warm-Up
2
zone that Is Sound?

What Is Sound?

Here is a riddle: If a tree falls in a forest and no one hears it, does
the tree make a sound? To a scientist, a falling tree makes a sound

whether someone hears it or not. When a tree fall the energ
which it strikes the ground causes a disturbance. Particles in the

ground and the air begin to vibrate, or move back and forth. The
vibrations create a sound wave as the energy travels through two
mediums—air and the ground. Sound is a disturbance that

travels through a medium as a longitudinal wave.

faus e cheiny
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> Sound Waves

Skills
%@ Reading: Identify the Main Idea
4\ Inquiry: Graph

Vocabulary

* density

Making Sound Waves A sound wave begins with a
vibration. Look at the drum shown in Figure 1. When the side of
the drum (called the drumhead) is struck, it vibrates rapidly in and
out. These vibrations disturb nearby air particles. Each time the
drumhead moves outward, it pushes air particles together, creating
a compression. When the drumhead moves inward, the air particles
bounce back and spread out, creating a rarefaction. These compres-
sions and rarefactions travel through the air as longitudinal waves.

How Sound Waves Travel Like other mechanical
waves, sound waves carry energy through a medium without
moving the particles of the medium along. Each particle of the
medium vibrates as the disturbance passes. When the disturbance
reaches your ears, you hear the sound.

A common medium for sound is air. But sound can travel
through solids and liquids, too. For example, when you knock on a
solid wooden door, the particles in the wood vibrate. The vibrations
make sound waves that travel through the door. When the waves
reach the other side of the door, they make sound waves in the air.

Vocabulary Identify Multiple
Meanings Review the multiple
meanings of the words in the
Getting Started section and
answer the question. What is
the material through which
sound waves travel?

BISTIEET: nossrcsms o e p e aa s G
Sound Waves

As the drumheads vibrate, they
create sound waves that travel
through the air.

% Interpret Diagrams Label

each box as a compression or

a rarefaction. Explain how you
knew what to label them.




@Id h& """""""" Diffraction of Sound Waves Have you ever wondered

ept'fy 1hs N{Ial.n Idga why when you are sitting in a classroom you can hear your friends

Underline the main idea in L 2

I T M- talking in the hallway before they walk through the doorway? You

Sound Waves. hear them because sound waves do not always travel in straight
lines. Sound waves can diffract, or bend, around the edges of an
opening, such as a doorway.

Sound waves can also diffract around obstacles or corners. This

FIGURE 2 «veereererseesnerenseersassansuesans is why you can hear someone who is talking in the hallway before
Diffraction the person walks around the corner. The sound waves bend around
Diffraction occurs when sound the corner. Then they spread out so you can hear them even though
waves pass through an opening you cannot see who is talking. Remember this the next time you
such as a doorway. want to tell a secret!

@, Identify Which diagram—
A, B, or C—correctly shows
what happens to sound waves
when they pass through the
doorway? Explain your answer.

| I"_a_ bﬁ Dothe QuickLab |
| Understanding Sound.
~_2o0e

e

Assess Your Understanding

c. Apply Concepts Explain why you can hear a
ringing telephone through a closed door.

1a. Identify A sound wave carries

through a medium.

b. Compare and Contrast In a sound wave, the
particles in the medium are close together in a
(compression/rarefaction) and farther apart in
a (compression/rarefaction).

O I getit! Now | know sound is

O | need extra help with

Go tomY science @A COACH online for help with this subject.

36 Sound
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' The Speed of Sound || > INTERACTIVE ART DO THE MATH |

What Factors Affect the Speed
of Sound?

Suppose you were in a stadium watching the baseball player in
Figure 3. You might see the bat hit the ball before you hear the hit.
It is possible to see an action before you hear it because sound trav-
els much more slowly than light. At room temperature, about 20°C,
sound travels through air at 342 m/s. This is nearly 900,000 times
slower than the speed of light! But the speed of sound is not always
342 m/s. Sound waves travel at different speeds in different

media. 53 The speed of sound depends on the temperature,
stiffness, and density of the medium the sound travels through.

Temperature In a given liquid or gas, sound travels more
slowly at lower temperatures than at higher temperatures. Why? At
lower temperatures, the particles of a medium move more slowly
than at higher temperatures. It is more difficult for the particles to
move, and they return to their original positions more slowly.

B e e e s e R e e T I R0 it e SO AR St U NI e o
Speed of Sound in Air 1: Qraph Create a line graph. Plot temperature
How fast the sound of the bat hitting the ball on the horizontal axis and speed on the

travels depends on the air temperature. The data vertical axis. Give the graph a title.

in the table show how the speed of sound in air

changes with temperature. 2. Predict What might the speed of sound be
Qﬁz‘ Use the data to answer the questions. a0 E R e e e e

Air Temperature Speed

(C) (m/s)
-20 318
-10 324

0 330

10 336
342




know?

...........................

An astronaut riding a vehicle

on the surface of the moon
would not hear the sound of the
engine. Sound can travel only

if there is a medium. There are
no air molecules to compress or
expand on the moon, so there is
no sound.

Stiffness. Years ago, Native Americans put their ears to the
ground to find out if herds of bison or other animals were nearby.
By listening for sounds in the ground they could hear the herds
sooner than if they listened for sounds in the air. What is it about
the state of the medium—solid, liquid, or gas—that determines the
speed of sound?

The speed of sound depends on the stiffness of the medium.
Sound travels more quickly in stiff media because when the
particles of the medium are compressed, they quickly spread out
again. For example, steel is stiffer than wood. If you knocked on
both a wooden and steel door of the same thickness, the steel door
would transmit the sound more easily. Sound also travels better
over long distances in stiff media because sound waves lose energy
more slowly than in less stiff media.

Solids are stiffer than liquids or gases. The particles in a solid are
close together, so they bounce back and forth quickly as the
compressions and rarefactions of the sound waves pass by. Most
liquids are not as stiff as solids. So sound does not travel as fast in
liquids as it does in solids. Gases are not very stiff. Sound generally
travels the slowest in gases.

ing Data

d@ %h@th | Analyzi

The table shows the speed of
sound in different media. Use
the data to answer the following
questions.

@ Interpret Tables In general,
does sound travel faster in solids,
liquids, or gases?

@ Infer Which substance is
stiffer—air or water?

v |nrer VVl]dL Ib Ulb‘ bLI (=5
substance in the table?

Speed of Sound

@ Apply Concepts Suppose
you put your ear to a steel fence.

Medi Speed (m/
You tell your friend to yell and tap i peed i)
the fence at the same time from Gases (20°C)
far away. Whic?h do you think that Air 342
you will hear first, the yell or the
tap? Why? Helium 977
Liquids (20°C)
Mercury 1,450
Fresh water 1,482
Solids
Lead 1,200
(5 ) lrr‘_?HAi;i-ENl::"E How many times Plastic 1800
faster does sound travel in a Hardwood 4,000
diamond than in air?
Steel 5,200
Diamond 12,000
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Density In materials of the same stiffness,

sound travels more slowly in the denser
material. Density is how much matter or mass

there is in a given amount of space or volume. The

more dense the material, the more mass it has in a

given volume. In denser materials, it is harder for the

_ particles to move as sound waves pass by. This slows

&, sound down.

#  The Channel Tunnel is a 50-kilometer-long undersea

& tunnel with a railway connecting England and France.

| Figure 4 shows some engineers working in the tunnel. The

engineers sent messages to each other by tapping on the steel

. pipes. The sounds traveled through the pipes at a speed of

5,200 m/s. This is nearly four times faster than the speed of

sound in lead. The speed of sound in steel is greater than in

lead because steel is both less dense and stiffer than lead.

...............
....................
...............................
...........
...............
............

FIGURE 4
ity and Stiffness ;
Density h other by tapping

i i t messages to eac
Engineers in the Channel Tunnel sen : Rp
on%che steel pipes. Why did they use the steel pipes to communicate?

73 B LAL® Aol o ]
ey i BEEE pic i _ ER Do the Quick Lab |
5 T =
La Ear to the Sound.

. ___Zonhe
Assess Your Understanding :
2a. Explain Why does sound usually travel faster c. Develop Hypotheses Steel is denser than
in solids than in liquids or gases? plastic, yet sound travels faster in steel than in

plastic. Develop a hypothesis to explain why.

b. Apply Concepts The sounds from a marching
band travel (faster/slower) when the air
temperature is 30°C than when the air
temperature is 20°C.

O I get it! Now | know the speed of sound depends on

O I need extra help with
Go to MY SC1ence gﬁ- COACH online for help with this subject.
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What Affects Pitch?
What Affects Loudness?

What Causes the Doppler Effect?

DLANEeT DidRY

~ Use the data in the

Which animal can hear the widest range of frequ

—~PLANET DIARY

40 Sound

Range of Hearing
(in Hertz)

Human 20-20,000
Dog 67-45,000
Mouse 1,000-91,000
Cat 45-64,000
Bullfrog 100-2,500
Elephant 16-12,000

table to answer the following question.
encies?

Do the Inquiry Warm-Up
How Does Amplitude Affect Loudness? i

What Affects Pi;tch?

Pitch is an important property of sound that you may already know
about. Have you ever described someone’s voice as “high-pitched”
or “low-pitched”? The pitch of a sound is a description of how high
or low the sound seems to a person. The pitch of a sound you
hear depends on the frequency of the sound wave. Sound waves
with a high frequency have a high pitch. Sound waves with a low
frequency have a low pitch.



_ PLANET DIARY MY SCIENCE COACH

Vocabulary Skills

* pitch * loudness « intensity * decibel %9 Reading: Compare and Contrast

* Doppler effect 4\ Inquiry: Make Models

The frequency of a sound wave : FTIGURE T sevencasensennensonnessensiesmusieernsmnrnnsenreneenenserssnnsssssnssssassens

depends on how fast the source of the Pitch
sound is vibrating. For example, when The female soprano singer sings high notes and the male
you speak or sing, air from your lungs bass singer sings low notes.
rushes past your vocal cords, making AMake Models In the bubble above the bass singer,

draw lines to represent the frequency of the sound

them vibrate. This produces sound . :
wave for a low note. Then explain your drawing.

waves. To sing specific pitches, or notes,
you use muscles in your throat to stretch
or relax your vocal cords. When your
vocal cords stretch, they vibrate more
quickly as the air rushes by them. This
creates higher-frequency sound waves
that have higher pitches. When your
vocal cords relax, lower-frequency sound
waves with lower pitches are produced.
Frequency is measured in
hertz (Hz). For example, a
frequency of 50 Hz means
50 vibrations per second. A
trained soprano voice can
produce frequencies higher
than 1,000 Hz. A bass
singer can produce
frequencies lower than
80 Hz. Young people can
normally hear sounds with
frequencies between 20 Hz
and 20,000 Hz.

Changing Pitch.

O I get it! Now | know the pitch of a sound that you hear depends on

O I need extra help with

Go tomY sc1ence @A COACH online for help with this subject.
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FIGLIRE 12 sevswssnesusnsmmennusmmmnrasssssrsanss
Intensity

Sound waves spread out as they
travel away from the source.

@, Interpret Diagrams Rank
the intensity of a sound wave
at the three locations. A
ranking of 1 is the greatest.
Write your answers in the
boxes. Explain your answers.

»

What Affects Loudness?

Loudness is another important property of sound. You probably
already know about loudness. For example, the closer you are to

a sound, the louder it is. Also, a whisper in your ear can be just

as loud as a shout from a block away. Londness describes your
awareness of the energy of a sound. The loudness of a sound
depends on the energy and intensity of the sound wave.

Energy If youhit a drum lightly, you hear a sound. If you hit
the drum harder, you hear a louder sound. Why? When you hita
drum harder, you transfer more energy to it. This causes the
amplitude, or the distance the drumhead moves from its rest
position, to increase. A sound source vibrating with a large
amplitude produces a sound wave with a large amplitude. Recall
that the greater the amplitude of a wave, the more energy it has. So
the more energy a sound wave has, the louder it sounds.

Intensity If you were to move closer to the stage shown in
Figure 2, the voices of the performers would sound louder. Why?
Close to the sound source, a sound wave covers a small area. As a
wave travels away from the source, it covers more area. The total
energy of the wave, however, stays the same. Therefore, the closer a
sound wave is to its source, the more energy it has in a given area.
The amount of energy a sound wave carries per second through

a unit area is its intensity. A sound wave of greater
intensity sounds louder.




> Loudness of Sound

Measu ring Loudness The loudness of different sounds

is compared using a unit called the decibel (dB). The table in the

Apply It below compares the loudness of some familiar sounds. 3
The loudness of a sound you can barely hear is about 0 dB. A )
10-dB increase in loudness represents a tenfold increase in
the intensity of the sound. For example, a 10-dB sound
is ten times more intense than a 0-dB sound. A 20-dB
sound is 100 times more intense than a 0-dB sound
and ten times more intense than a 10-dB sound.
Sounds louder than 100 dB can cause damage to
your ears, especially if you listen to those sounds
for long periods of time. For this reason, airport
workers, like the one shown to the right, wear
hearing protection.

rapPIYﬁ:z

Use the table to answer the questions.
Which sounds louder, a rock concert or a jet plane at
o i Sound Loudness (dB)
takeoff?
Threshold of human hearing 0
9 Which sounds could be dangerous to your ears?
Whisper 15-20
Normal conversation 40-50
Busy street traffic 60-70
© Calculate How much more int.ense is a 20-dB whisper Hearer 80-90
than the threshold of human hearing?
Rock concert 110-120
F— Headphones at peak volume 120
QICHALLENGE How much more intense is a 90-dB
hair dryer than 60-dB street traffic? Jet plane at takeoff 120950
N J

) Lab® Do the Quick Lab
: :__ zone Listen to This.
Assess Your Understanding

T
1a. Review The amount of energy a sound wave go.tlt'
carries per second through a unit area is its : Ol getit! Now | know that the loudness of a

sound depends on

b. Describe The intensity of a sound wave :
(increases/decreases) with distance. : ] T=

O I need extra help with

¢. Calculate An 80-dB sound is Go toMY science GCOBCH online for help with
times more intense than a 60-dB sound. : this subject.
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What Causes the Doppler Effect?

Have you ever listened to the siren of a firetruck on its way to a fire?
If so, then you probably noticed that as the truck goes by, the pitch
of the siren drops. But the pitch of the siren stays constant for
the firefighters in the truck. The siren’s pitch changes only if it is
moving toward or away from a listener.

The change in frequency of a wave as its source moves in
relation to an observer is called the Doppler effect. If the waves
are sound waves, the change in frequency is heard as a change

& in pitch. The Doppler effect is named after the Austrian scientist
s Christian Doppler (1803-1853). The Doppler effect occurs
& Compare and Contrast because the motion of the source causes the waves to either get

The waves in front of a moving

closer together or spread out.
| sound source have a

(shorter/longer) wavelength. Figure 3 shows how sound waves from a moving source behave.
| The waves behind a moving Each time the siren sends out a new wave, the firetruck moves
sound source have a ahead in the same direction as the waves in front of the truck. This
(shorter/longer) wavelength. causes the waves to get closer together. Because the waves are closer
together, they have a shorter wavelength and a higher frequency
as they reach observers in front of the truck. As the truck moves
away, it travels in the opposite direction of the sound waves behind
it. This causes the waves to spread out. Because they spread out,
the waves have a longer wavelength and a lower frequency as they
reach the observers behind the truck.

FIGURE 3 vevevessessssrrnnnssanssrnnnnasssassnsasssssassnasesmasnnsnessssesssnans
»IEONGEGI The Doppler Effect

As the firetruck speeds by, observers hear a change in
the pitch of the siren. % Identify Circle the answer
that describes the pitch that the observers hear.

A ——

g 1 ] ]
People standing in front dre Skt 2 e
People behind the firetruck | of the firetruck hear a ‘

hear a (lower/higher) pitch (lower/higher) pitch than "
than the firefighters in the | = sy the firefighters in the
truck hear. truck hear.

WA

{ [==z]
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| > ART IN MOTION | INTERACTIVE ART !

' The Doppler Effect

How Your Headphones Work

What determines the pitch and
loudness of sound?
B B e et Vs ey B T A T i o e T A e L R e
Headphones turn an electrical
signal into sound waves.
€ An electrical signal travels up a wire.
@ The electrical signal causes a magnet to

vibrate.

€) The magnet is attached to a thin cone of
material. The vibrating cone sends
Y| sound waves through the air.

Magnet

Wire

0PI IHI TR

@) Compare and Contrast Compare how a drum and headphones
produce sounds of higher pitch and greater loudness.

SRR I e Lab® Do the Quick Lab |
| Pipe Sounds.

. 2 ___Zone
s Assess Your Understanding i goty?
B0 get it! Now | know that the Doppler effect

occurs because B SRR

O | need extra help with _
Go to MY science @8 COACH online for help with
this subject.
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What Determines
Sound Quality?

pLaner DiaRry

Posted by: Jameel Write your answers to the questions below.
1. What does it mean to tune an instrument? L

Location: Orlando, Florida

| play an instrument called
the French horn. The
French horn has valves, a
bell, a mouthpiece, and
three keys. It is interesting 2. The musicians in a marching band do not
how pitch affects the tune their instruments until they are
music that | make. While | outside. Why do you suppose this is?
was practicing, the music
sounded out of tune. |
realized | hadn't tuned
the instrument, so | slid
the tuning valve up and Go to Planet Diary to learn
down until | got the right pitch. | like to more about music.
play my instrument because it enhances my
hand/eye coordination. | also love the sound
of the music when | play it right. La ® Do the Inquity Warm-Up
- R —— - What Is Music?

What Determines Sound Quality?

: Most people agree on what is and what is not music. Music is a set
| of notes that combine in patterns that are pleasing. Noise, on the
other hand, usually has no pleasing patterns. When you describe a
sound as pleasant or unpleasant, you are describing sound quality.
The sound quality of music depends on the instruments making
the music. The sound quality of musical instruments results
from blending a fundamental tone with its overtones.

46 Sound



myscience:

omme S — Y s
Vocabulary Skills
° music ® fundamental tone %8 Reading: Identify Supporting Evidence
° overtone Inquiry: Predict

Fundamental Tones and Overtones To understand

sound quality, consider the example of a guitar string. As the string =~ & -----------------
vibrates, waves travel along the string and reflect back, setting up @ Identify Supporting
a standing wave. Standing waves occur in all musical instruments Evidence Underline the

reason that the sound quality
of a guitar is different from
that of a trumpet.

when they are played. In a trumpet, for example, standing waves
occur in a vibrating column of air. In a drum, standing waves occur
in a vibrating drumhead.

A standing wave can occur only at specific frequencies, which
are called natural frequencies. The lowest natural frequency is
called the fundamental tone. The higher natural frequencies are
called overtones. Overtones have frequencies that are two, three,
or more times the frequency of the fundamental tone.

Most instruments produce several natural frequencies
at once. The fundamental tone determines what note you
hear. For example, when a guitar and a trumpet play
middle C, they both produce a fundamental tone
of 262 Hz. Each instrument produces different
overtones, so the blending of the fundamental tones
and overtones produces different sound qualities. The
size, shape, and material of the instrument determine
which overtones are loudest.

-apply.
PP ‘
Fund tal
A guitar can produce a fundamental tone of 262 Hz. The diagrams f\ t:r?e amenta

show how the fundamental tone and the first two overtones
combine to produce the unique sound for a guitar string.

+
€ Calculate What are the frequencies of the first and FEirst
second overtones? TN\ overtone
Frequency of first overtone = N
Frequency of second overtone = +
@ Explain What determines which overtone will be loudest?
Second

PN Z~ N\ overtone
NS

© lCHALLENGE Which overtone will be loudest? Why?

Resulting
sound wave




Groups of Musical Instruments
How does a musician control the sounds
produced by a musical instrument? To
control pitch, the musician changes the
fundamental tones. To control loudness,

the musician changes the energy of the
vibrations. The way pitch and loudness

are controlled varies among the groups

of instruments.

Stringed Instruments

Stringed instruments include the guitar, violin,
cello, and double bass. The strings of these
instruments produce sound by vibrating when
they are plucked or rubbed with a bow. To
create louder sounds, the musicians pluck

the strings harder or press the bow harder
against the strings. To vary the pitch, the

musicians change the length of the vibrating 3 FIGURE 1
string. They do this by placing their fingers Violin
on different places along the string as they The musician creates sound by rubbing the
play. A short string produces a higher-pitched bow across the strings.
sound than a long string. The material, @, Interpret Photos Insert an arrow in the
thickness, and tightness of a string also box above to indicate in what direction the
affect the pitch it produces. musician should move his finger to create

\ J a higher-pitched sound.

Percussion Instruments

Percussion instruments include the drums, bells,
cymbals, and xylophone. These instruments vibrate
when struck. To create louder sounds, the
musician hits the instrument harder. The pitch of
these instruments depends on the material from

which they are made, the size of the instrument,

and the part of the instrument that is played.

For example, a large drum produces a lower
pitch than a small drum.

LIGHRE 7 sosnaaesmassmnasiaumn
Drums
The musicians create sound by
hitting the drums.
%l Identify Circle the
drum that would produce
the highest pitch.
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Wind Instruments

N\ Ny

Wind instruments include the trumpet, trombone, clarinet, and
flute. These instruments create sound when the musician blows on
or across the mouthpiece. This causes the air column inside the
instrument to vibrate. The musician creates a louder sound by
blowing harder. The musician changes pitch by changing the length
of the air column. A shorter air column produces a higher pitch

than a longer air column. In many wind instruments, the musician
changes the length of the air column by pressing keys or valves. In
the trombone, the musician changes the length of the air column by
moving a slide either closer to or farther away from the mouthpiece.

BT S i e e Al e CERIANNE. (e s R R e

Trombone
The musician creates sound by blowing
into the mouthpiece.

APredict If the musician pushes
the slide away from her, what will
happen to the pitch of the
trombone? Why?

® Do the Quick Lab How
Can You Change Pitch?

'La
Zone
&= Assess Your Understanding

1a. List What are the three groups of musical : gotjg?
instruments? 0 get it! Now | know the sound quality of a
musical instrument results from

b. Claésify What types of instruments are a bell,
a whistle, and a banjo?

O | need extra help with

Go tomy sci1ence @8 C0aCH online for help with
this subject.
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LESSON

/% Hearing Sound

How Do Your Ears Work?

SCONCEPTION

Misconception: Deaf people are not able
to sense music.

Did you know that Beethoven composed many great works
after he lost his hearing? Like all musicians, Beethoven
could read music and hear it being played in his mind.

But Beethoven may have been able to appreciate music in
ways that musicians with normal hearing cannot. A recent
study has shown that deaf people can sense vibrations

in the same area of the brain that is used to hear. These
vibrations create a pattern that they recognize and enjoy.

Deaf musicians can also feel vibrations in different parts
of their bodies. The famous solo percussionist Evelyn
Glennie performs barefoot so that she can better feel
the vibrations in the floor. She also notices changes in
the density of the air around her.

et T U U J J U U & &b

Write your answers to the questions below.

1. What senses are used to feel music?

2. Describe an example of how you have felt the

vibrations from music.

Do the Inquiry Warm-Up
Hearing Sound.

ET DIARY

hearing sound.

Lab’

zone
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¥ Hearing Sound Lo PIANETDIARY o apPLYTT
Vocabulary Skills
* ear canal * eardrum 58 Reading: Relate Cause and Effect
¢ cochlea 4\ Inquiry: Observe

How Do Your Ears Work?

The library is quiet. You are doing your homework. Suddenly, a
door slams shut. Startled, you turn in the direction of the sound.
Your ears detected the sound waves produced by the slamming
door. But how exactly did your brain receive the information?

(=2 Your ear gathers sound waves and sends information
about sound to your brain. Your ear has three main sections: the
outer ear, the middle ear, and the inner ear. Each section has a
different function. The outer ear funnels sound waves, the middle
ear transmits the waves inward, and the inner ear converts sound
waves into a form that travels to your brain.

. applylt g

One of the functions of your ears is to @ Draw Conclusions
locate the direction of sounds. Discuss which sounds
were easily located.
Suggest an explanation
for your observations.

@ Ask your partner to sit in a chair with
eyes closed.

(2] @bser\fe Tap two pencils together in
different locations around your partner’s
head and face. Ask your partner to
identify what direction the sounds come
from. Record the locations where the taps
are easily identified. Record the locations
where the taps are harder to identify.

€ Switch places with your partner and
repeat steps 1 and 2.

N




1
quter Ear

The first section of your ear is the outer ear. The
outermost part of your outer ear looks and acts
like a funnel. It collects sound waves and directs
them into a narrow region called the

ear canal. Your ear canal is a few centimeters
long and ends at the eardrum. The eardrum is
a small, tightly stretched, drumlike membrane.
The sound waves make your eardrum vibrate,
just as a drum vibrates when you strike it.

Stirrup

W

2
C’\Il'\lliddle Ear

Behind the eardrum is the middle ear. The
middle ear contains the three smallest
bones in your body—the hammer, the anvil,
and the stirrup. The hammer is attached to
the eardrum. When the eardrum vibrates,
the hammer does too. The hammer then
transmits vibrations first to the anvil and
then to the stirrup.

Anvil

Hammer 5
Auditory nerve

BTGURE 1 soosssimmssasii v s Sreiiav s ivssismnv s aenvismms @_ ¥

The Human Ear Inner Ear

The ear has three main sections: the outer ear, the A membrane separates the middle ear
middle ear, and the inner ear. from the inner ear, the third section

of the ear. When the stirrup vibrates

Answer the following questions. . . o
S 29 against this membrane, the vibrations

1. Name Label the ear canal, eardrum, and cochlea. pass into the cochlea. The cochlea .
2. Identify Circle each section of the ear. Draw a (kaHk lee uh) is a liquid-filled cavity 1
line from each circle to its matching text box. shaped like a snail shell. The cochlea
3.iCHALLEHGE Which structure provides evidence contains more than 10,000 tiny struc-
that sound can travel through liquids? Explain. tures called hair cells. These hair cells

have hairlike projections that float in the
liquid of the cochlea. When vibrations
move through the liquid, the hair cells
move, causing messages to be sent to
the brain through the auditory nerve.
The brain processes these messages and
tells you that you've heard sound.

52 Sound




Hearing Loss When hearing loss occurs, a person
may have difficulty hearing soft sounds or high-pitched
sounds. Hearing loss can occur suddenly if the eardrum
is damaged or punctured. (Imagine trying to play a torn
drum!) For this reason, it is dangerous to put objects
into your ear, even to clean it. Hearing loss can also
occur gradually. As a person gets older, some hair cells in
the cochlea die and do not grow back. People with this
kind of hearing loss often have difficulty hearing high-
frequency sounds. Extended exposure to loud sounds can
also damage hair cells.

For some types of hearing loss, hearing aids can
restore some ability to hear. Some hearing aids amplify
sounds entering the ear. Others can amplify specific
frequencies that a person has lost the ability to hear.

For severe forms of hearing loss, a cochlear implant
replaces the entire function of the ear. A cochlear implant
contains a sound processor, an implant, and electrodes,
as shown in Figure 2. The sound processor turns sound
waves into an electrical signal. The implant transmits

the signal to the electrodes. The electrodes stimulate the
auditory nerve directly instead of the damaged cochlea.

Sound
processor

FIGURE 2
A Cochlear Implant

A cochlear implant can restore the ability to hear.

@, Explain How does a cochlear implant
replace the function of the ear?

Assess Your Understanding

1a. List What are the three sections of the ear?

5@) Relate Cause and Effect
Underline three causes of
hearing loss.

Implant

Electrodes

® Do the Quick Lab Design and
Build Hearing Protectors.

1 L?o

i gotyg?

O I get it! Now | know the function of your ear is

b. Interpret Diagrams What happens to a sound
wave as it enters your ear canal?

O

| need extra help with

Go to mY sc1ence @A COACH online for help with
this subject.
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=Y Using Sound

WLOC,
POAE B/ How Do Animals and People Use Sound?

pLaneT DiaRY

Marine Scientist Write your answer to the question below.

Why are marine scientists in Sarasota Bay, . Make Judgments How do you think boat noise
Florida, spying on dolphins? Dolphins send could affect the dolphins in the bay?
out a series of high-frequency clicks to
navigate and find food. They whistle

to communicate with each other. The
scientists are recording underwater
sounds in the bay. They are also noting
dolphin sightings. They will use the data
to determine how boat noise in the bay
affects dolphin behavior.

Boat noise, underwater drilling, and sonar
devices used by the military have all been
shown to affect dolphins, porpoises, and
whales. For this reason, it is a rich area of
research for marine scientists.

LUEMIEGRY Go to Planet Diary to learn more
about echolocation and ultrasound technologies.

—— \ i

How Do Animals and People
Use Sound?

Have you ever shouted into a canyon or a cave and then waited for
the echo? An echo is a reflected sound wave. When a sound wave
hits a surface that it cannot pass through, it may reflect. Some
practical uses of sound, including echolocation and ultrasound
technologies, are based on the fact that sound reflects off surfaces.
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' » Using Sound : -E

Vocabulary Skills
¢ echolocation * ultrasound %@ Reading: Ask Questions

° sonar ® sonogram 4\ Inquiry: Calculate

Echolocation Many
animals find it easy to move
around in dark places. This is because
they use echolocation. Echolocation
(Ex oh loh kAY shun) is the use of reflected
sound waves to determine distances or to locate
objects. (@ Some animals, including bats and
dolphins, use echolocation to navigate and find food.
Sound waves with frequencies above the normal
human range of hearing are called ultrasound. The prefix
ultra- means “beyond.” Bats use ultrasound waves with
frequencies up to 100,000 Hz to move around and hunt.
As a bat flies, it sends out short pulses of ultrasound waves.
The waves reflect off objects and return to the bat’s ears, as
shown in Figure 1. The time it takes for the sound waves to
return tells the bat how far it is from obstacles or prey.
Dolphins use ultrasound waves with frequencies up to
150,000 Hz to hunt and move around in murky, deep water.
The sound waves travel through the water and reflect off '
fish or other prey. Dolphins sense the reflected sound waves g
through their jawbones.

FIGURE: 1, wvessomnssosaminvnssninssssonns s s cassusinsss s vaiss diivesass svamssanapsnsy

Echolocation
A bat uses echolocation to hunt.

& Answer the following questions.

1. Relate Diagrams and Photos In each of the steps,
describe how the bat locates its prey.

2. Explain Why would the bat have to continue to send
out sound waves as it gets closer to its prey?
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@) Ask Questions Before
reading about ultrasound
technologies, ask yourself a
What or How question. Then
answer your guestion.

Vocabulary Identify Multiple
Meanings Review the multiple
meanings of the words in the
Getting Started section and
complete the sentence. A sonar
device detects sound waves

after they
off objects.

Ultrasound Technologies Unlike animals, people
cannot send out pulses of ultrasound to help them move around in
the dark. But people sometimes need to explore places they cannot
easily reach, such as deep under water or inside the human body.

{322 People use ultrasound technologies, such as sonar and

ultrasound imaging, to observe things that they cannot see
directly.

Sonar A system that uses reflected sound waves to detect
and locate objects under water is called sonar. The word sonar
comes from the initial letters of sound navigation and ranging.
“Navigation” means finding your way around on the ocean (or in
the air). “Ranging” means finding the distance between objects.
People use sonar to determine the depth of water, to map the ocean
floor, and to locate objects such as sunken ships and schools of fish.
A sonar device sends a burst of ultrasound waves that travel
through the water. When the sound waves strike an object or the
ocean floor, they reflect. The sonar device detects the reflected
waves. A computer in the sonar device measures the time it
takes for the sound waves to go out and return. Then it uses the
following equation to solve for the total distance that sound travels.

Distance = Speed of sound in water X Time

To solve for how far away the object is you must divide the total
distance by two. This is because sound waves travel out and return.

-apply:

A sonar device sends out sound waves to detect a sunken ship.

(1] Lﬁalculate Suppose the sonar device detects the reflected
sound waves 10.0 seconds later. The speed of sound in salt water is
1,530 m/s. How far down is the sunken ship?

@) [CHALLENGE The Titanic is located nearly 3,800 meters below the
surface of the ocean. How much time would it take for the sound
waves to travel to the Titanic and back to the surface?
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Ultrasound Imaging Doctors use
ultrasound imaging to look inside the
human body. An ultrasound imaging
device sends ultrasound waves into
the body. Then it detects the reflected
sound waves. Different parts of the
body, such as bones, muscles, the liver,
or the heart, reflect sound differently.
The device uses the reflected waves to
create a picture called a sonogram. A
doctor can use sonograms to diagnose
and treat many medical conditions.

The technician in Figure 2 is using
an ultrasound imaging device to
examine a fetus. The technician holds
a small probe on the pregnant woman’s
abdomen. The probe sends out very
high frequency ultrasound waves
(about 4 million Hz). By analyzing the
reflected sound waves, the device builds
up a sonogram. The sonogram can
show the position of the fetus.
Sonograms can also show if there is
more than one fetus. In addition to a
still picture, ultrasound imaging can
produce a video of the fetus.

FIGURE 2

PAEEIDBEUG]Y Ultrasound in Medicine
An ultrasound imaging device creates a sonogram of a fetus.
%x Explain How does an ultrasound imaging device work?

® Do the Quick Lab

Assess Your Understanding

1a. Define

- Lak

__zone

. got?
isthe :

use of reflected sound waves to determine

distances or to locate objects.

b. Compare and Contrast How is sonar similar
to ultrasound imaging? How is it different?

O I get it! Now | know that animals use

echolocation to

sene

and humans use ultrasound technologies to

O I need extra help with _

Go to MY sc1ence @ COACH online for help with

this subject.
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CHAPTER

V4 Study Guide

&ty

of a sound depends on the

The pitch of a sound depends on the

~ of the sound wave. The loudness

and of the sound wave.

| The Nature of Sound

l
i
i

' medium as a longitudinal wave.

i The speed of sound depends on the
|

the sound travels through.

Vocabulary
* density

i

! 1331\ Properties of Sound

The pitch of a sound you hear depends on
% the frequency of the sound wave.

| The loudness of a sound depends on the
energy and intensity of the sound wave.

The Doppler effect occurs because the
motion of the source causes the waves to either
' get closer together or spread out.

Vocabulary

e pitch ¢ loudness ¢ intensity * decibel
. © Doppler effect

' [IZ304 Hearing Sound

; Your ear gathers sound waves and sends
information about sound to your brain.

' Vocabulary
e ear canal

| e eardrum

e cochlea

58 Sound

| Sound is a disturbance that travels through a

 temperature, stiffness, and density of the medium

L3591\ 5 Music 1

The sound quality of musical
instruments results from blending
a fundamental tone with its
overtones.

Vocabulary

® music

e fundamental tone
® overtone

13351115 Using Sound
Some animals, including bats and dolphins,
use echolocation to navigate and find food.

People use ultrasound technologies, such as
sonar and ultrasound imaging, to observe things
that they cannot see directly.

Vocabulary

e echolocation
e ultrasound

e sonar

¢ sonogram
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Review and Assessment

The Nature of Sound

1. What term describes how much matter or
mass there is in a given volume?

a. stiffness b. density

€. temperature d. diffraction

2. If you increase the temperature of a liquid or

gas, a sound wave will travel

3. Summarize What three properties of a
medium affect the speed of sound?

4. Make Models In the circles below, draw the
air particles in a compression and rarefaction
of the same sound wave.

Compression Rarefaction

5. Relate Cause and Effect Why is a vibration of
an object necessary for a sound wave to form?

6. Infer Thunder and lightning happen at the
same time. Explain why you see the lightning
before you hear the thunder.

|20\~ Properties of Sound

1.

What property of sound describes your
awareness of the energy of a sound?

a. loudness b. intensity

. pitch d. elasticity

. As a sound wave travels, its intensity decreases

because

. Interpret Diagrams Look at the sound waves

coming from the two speakers. Which speaker
cone is vibrating faster? How do you know?

. Relate Cause and Effect As a car drives past

a person standing on a sidewalk, the driver
keeps a hand on the horn. How does the pitch
of the horn differ for the driver and the person
standing on the sidewalk?

11, QUEEELTST Explain how listening to your

S

headphones at too high a volume can cause

“./" just as much damage to your ears as the

sounds at a rock concert.
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CHAPTER

YA Review and Assessment

(e Music

12. What term describes the lowest natural
frequency of the source of a sound?

b. standing wave

d. pitch

a. overtone

¢. fundamental tone

13. The quality of sound that a musical instrument

produces is the result of

14. Apply Concepts A trumpet player pushes
down on one of the valves to produce a lower
note. How did the length of the air column in
the trumpet change? Explain.

7= " Hearing Sound

15. What part of the ear contains thousands of hair
cells that transmit sound?

a. cochlea b. middle ear

¢. ear canal d. eardrum

16. The middle ear contains the three smallest
bones in the body, which are called the
, the

and the

17. Infer Sometimes a very loud sound or physical
contact with an object can tear the eardrum.
How would this affect hearing? Why?

60 Sound

- Using Sound

What system uses reflected sound waves to
detect and locate objects under water?

a. sonogram b. ultrasound imaging

c. diffraction d. sonar

19. Some animals use

to navigate by sensing reflected sound waves.

20. math! Suppose it takes 6.0 seconds for a
sound wave to travel to the bottom of the
ocean and back to the surface. If the speed of
sound in salt water is 1,530 m/s, how deep is
the ocean at this point?

=7 What determines the pitch

AWE Bl

‘, and loudness of sound?

-----------------------------------------------------

21. How could you make sounds of different pitch
and loudness with the two drums?




Standardized Test Prep

Multiple Choice

Circle the letter of the best answer.

1. The table below compares the loudness of
several different sounds.

140
=& 120
T 100
§ 80
s 60
o= 40
LT
0

Classroom  Street Loud Jet

traffic thunder engine

Sound

How many times more intense is the sound of a
jet engine than the sound of loud thunder?

A 2 B 10

CcC 20 D 100

2. Fishing boats use sonar to locate schools of fish.

What characteristic of sound is most important
for this application of sonar?

A Sound waves reflect off some surfaces.

B Sound waves diffract around corners.

C Sound waves interfere when they overlap.
D Sound waves spread out from a source.

3. A trumpet and a piano can both play the same
note, but the sound qualities are very different.
Why does the sound quality depend on the
instrument that produces it?

A Each instrument produces a different
fundamental tone.

B Each instrument produces different
overtones.

C The amplitude of the notes is different.
D The intensity of the sound is different.

4. Why does sound intensity decrease as the
distance from the source increases?

A Most of the energy is absorbed by the
particles of the medium.

B The same amount of energy is spread out
over a larger area.

C The frequency increases as distance from
the source increases.

D The energy of the sound wave decreases.

5. What is the function of the inner ear?
A The inner ear vibrates when sound waves
strike it.

B The inner ear converts vibrations into
signals that travel to the brain.

C The inner ear increases the frequency of
sound waves.

D The inner ear transmits sound waves from
the ear canal to the cochlea.

Constructed Response

Use the table below to answer Question 6. Draw

your graph on a separate sheet of paper.

6. Create a bar graph to compare highest
frequencies heard by and produced by each
animal listed. Which animal(s) can produce
sounds that are too high for humans to hear?

Highest Highest

Frequency | Frequency
Heard (Hz) | Produced (Hz)

Human 20,000 1,100
Dog 45,000 1,800
Cat 64,000 1,500
Bat 120,000 120,000
Porpoise 150,000 120,000
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CRASH! BANG! BEEP BEEP! In cities all across
the world, noise pollution is part of everyday life.
Noise pollution is loud, distracting sound.

There are many different types of noise pollution.
Some of the most common are residential noise,
road traffic noise, and air traffic noise. Residential
noise pollution occurs in places where people
live. It includes noisy neighbors, high-pitched

car alarms, and power tools from renovations.
Road traffic noise pollution is common at busy
intersections or on highways. Helicopters and
airplanes cause air traffic noise pollution. Air
traffic noise is especially troublesome for people
who live or work near airports.

Science and Bociety

Write'AboutlIt) \VWrite a letter to
your town or city council. [dentify Too much noise can cause hearing loss, lack of

and explain what the impact of sleep, and increased stress. Studies show that
students who go to school in areas that have high
levels of noise pollution have lower test scores.
The noise affects students’ ability to concentrate.

noise pollution is on the people in

your town or city. Describe your

ideas about how to reduce noise

in your area. More than 100 million Americans are regularly
exposed to noise levels higher than 55 decibels—
the common standard for background noise levels.
As a result, governments are passing laws to
reduce noise pollution.
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Settings and costumes can make a film interesting
to watch. But think for a moment about watching
a car chase without the sounds of traffic, tires
squealing, or motors revving. The scene might look
great, but it would be less thrilling.

Several people work to create the sound effects in
a movie.

Foley artists create the background noises that
make a scene convincing. They create everyday
sounds such as footsteps or jingling keys. They

also create less ordinary noises, such as punching
noises. These noises might not be very obvious, but
you would notice if they weren't there.

Sound mixers record all sound effects and dialogue.
If all of the sounds were recorded at the same time
scenes were filmed, you wouldn't be able to hear

a thing the actors were saying—the wrong noises
would be loud and cover the speech. So sound
mixers record the dialogue and effects separately
and mix them together in the studio.

Sound effects editors make sure that everyone
follows the sound plan for the film, and that all
of the noises happen at the right time in a way
that works.

S

GGG Work in a small group
to record an audio track. Design

a solution for sounds you have to
“fake.” For example, how would
you make a sound for something
dropping from the roof? Play your
track for the class—can they tell
what is happening?



% What kinds of waves
make up the electromag-
netic spectrum?

It might look like a colorful wig, but this
image shows the nerve pathways of the SR eE ey Watch the
brain. Using machines that read energy Untamed Science video to learn

from our bodies, doctors can see how more about electromagnetic waves.
and when different areas of the brain are

active without surgery or radiation.

When your brain performs a task, such as
remembering a phone number, blood circulation to that part of
your brain increases. The scan recognizes that activity.

Infer What might the colors of this brain scan mean?
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Getting Started

Check Your Understanding

1. Background Read the paragraph below and then answer

the question.

Have you ever stepped in a large puddle? When your
foot hltS the water, it transfers energy to the water,

transfer of energy The water nples around your foot.

e What caused the water to vibrate?

wave is a disturbance that w
transfers energy from place
to place.

The material through which a
wave travels is the n

To vibrate is to move in a
repeated back-and-forth or
up-and-down motion.

SINEETNEIED If you had trouble completing the question above,
visit My Reading Web and type in Electromagnetic Waves.

Vocabulary Skill

Greek Word Origins Some science words in this chapter contain word
parts with Greek origins. The table below lists some of the Greek words
from which the vocabulary words come.

Greek Word Meaning of Greek Word

mikro- small microwaves, n. electromagnetic radiation
with short wavelengths and high frequencies

-skopion for seeing or observing spectroscope, n. instrument used to see
different colors of light

photos light photon, n. packet of light energy

2. Quick Check Circle the word part in spectroscope that tells you
its meaning has to do with viewing.

66 Electromagnetic Waves



Magnetic field

Electric field

Chapter Preview

LESSON 1

* electromagnetic wave

* electromagnetic radiation
* polarized light

* photoelectric effect

* photon

@ Identify the Main Idea
&\ Calculate

LESSON 2

* electromagnetic spectrum
* radio waves

® microwaves

° radar

¢ infrared rays

* thermogram

* visible light

¢ ultraviolet rays

» X-rays

° gamma rays

%@ Summarize
£\ Communicate

LESSON 3
* amplitude modulation
* frequency modulation

% Compare and Contrast
4 Interpret Data

PATERIVNINUS For extra help
with vocabulary, visit Vocab Flash
Cards and type in Electromagnetic
Waves.
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NLOC,
e B, What Makes Up an Electromagnetic Wave?

What Models Explain How
Electromagnetic Waves Behave?

\pLanerT DiaRry

Read the following questions. Wri

; t
Posted by: answers below. ey
Jordan

1. In what situation migh

S ght Jordan need to u
Location: cell phone? Who would he call? e
Hopkinton, '
Massachusetts

' 2. For what r
~as my parents or emergency care, if there wer: phone mosi?son mouldyou use a cell
~ an emergency. If | were without a cell phone, -
~ who knows what could happen? | like having
‘a cell phone to talk to friends, my parents,

and my family. Also, it's easier to have my own

phone to use when | want to make a call. Like PZENERVEED Go to Planet Diary to learn
most people | know, | use my cell phone every more about electromagnetic waves

day. | can always contact people | need to with
a cell phone and it’s great to have.

Lab® Do the Inquiry Warm-Up How Fast
¥ . Are Electromagnetic Waves?

What Makes Up an
Electromagnetic Wave?

As you sit at your desk and read this book, you are surrounded by
waves you cannot see or hear. There are radio waves, microwaves,
infrared rays, visible light, ultraviolet rays, and tiny amounts of
X-rays and gamma rays. These waves are all electromagnetic waves.
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~ Describing EM Waves

Vocabulary

¢ electromagnetic wave © electromagnetic radiation
* polarized light * photoelectric effect * photon

ANET DIARY

Skills
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Characteristics of Electromagnetic Waves
An electromagnetic wave is a transverse wave that involves the
transfer of electric and magnetic energy. (3 An electromagnetic
wave is made up of vibrating electric and magnetic fields that
move through space or some medium at the speed of light.

An electromagnetic wave can begin with the movement of
charged particles, all of which have electric fields around them.
As the particles change speed or direction, a vibrating electric
field is created, wh