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How do waves
travel through
matter?



http://connected.mcgraw-hill.com/
http://connected.mcgraw-hill.com/

Get Ready

What do you think?

Before you begin, decide if you agree or
disagree with each of these statements.
As you view this presentation, see if you
change your mind about any of the
statements.
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Get Ready

Do you agree or disagree?

1. Waves carry matter as they travel
from one place to another.

Sound waves can travel where there
IS N0 matter.

3. Waves that carry more energy cause
particles in a material to move a
greater distance.
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Get Ready

Do you agree or disagree?

4. Sound waves travel fastest in gases,
such as air.

When light waves strike a mirror,
they change direction.

Light waves travel at the same speed
In all materials.
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What are waves?
Key Concepts@ =
« What Is a wave?

* How do different types of waves make
particles of matter move?

« Can waves travel through empty
space?

Eei Eonneciea
glencoe .com
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What are waves?
Vocabulary

wave
mechanical wave

medium

tfransverse wave

crest

trough

longitudinal
wave

compression

rarefaction

electromagnetic
wave
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What are waves?

 Awave Is a disturbance that transfers
energy from one place to another
without transferring matter.

» Waves transfer energy away from the
source of the energy.

+ Waves leave matter in the same place
after they pass.
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What are waves? con)

GV Key CONCEPT CHECK

What Is a wave?
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Water waves transfer energy across the
pool, but not matter. As a result, the raft
does not move along with the waves.

The raftis at restin its initial position. A wave begins to lift the raft upward when it
reaches the raft.

The wave transfers energy to the raft as it lifts
itupward.
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Water waves transfer energy across the
pool, but not matter. As a result, the raft
does not move along with the waves.

The wave passes the raft and continues to move The raft returns to its initial position after the

across the pool, wave passes.
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Mechanical Waves

* A wave that can travel only through
matter iIs a mechanical wave.

* Mechanical waves cannot move through
a vacuum.

A material in which a mechanical wave
travels Is called a medium.
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Mechanical Waves con)

 Atransverse wave makes particles
IN a medium move at right angles, or
perpendicular, to the direction the wave
travels.

* The highest points on a transverse wave
are crests.

* The lowest points on a transverse wave
are troughs.
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In a transverse wave, particles move at
right angles to the direction the wave
travels.

* Crest Direction wave moves

Rest

AV
v

Direction
rope moves

Trough

Get Animated |



http://connected.mcgraw-hill.com/
http://connected.mcgraw-hill.com/
370_links/transverse_waves.swf
370_links/transverse_waves.swf

Mechanical Waves con)

How do particles move in
a transverse wave?
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Mechanical Waves con)

* Alongitudinal wave makes the particles
INn a medium move parallel to the
direction that the wave travels.

* The regions of a longitudinal wave where
the particles in the medium are closest
together are compressions.

* The regions of a longitudinal wave where
the particles are farthest apart are
rarefactions.
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Longitudinal Waves
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|| , A back-and-forth movement of the
1 hand on the left produces a longitudinal
wave that travels to the right.

Motion of coil
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Wave motion s
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| ’ The wave makes the coil with the yarn
l ' move to the right as the compression
V \/ \/ of the wave reaches that coil.
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Longitudinal Waves
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Mechanical Waves con)

How do particles move in
a longitudinal wave?
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Mechanical Waves con)

» Avibration is a back-and-forth or an
up-and-down movement of an object.

* Vibrating objects are the sources of
energy that produce mechanical waves.
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Vibrations
produce waves
that keep traveling
even when the
vibrations stop.

SINGLE VIBRATION

A Direction of wave
—r
& ‘
’
v * The hand moves up and down

once, producing one wave.

Direction of wave

—

along the rope even after the
hand stops moving.
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MULTIPLE VIBRATIONS

Vibrations
produce waves
that keep traveling
even when the
vibrations stop.

Direction of waves

The hand moves up and down
repeatedly, creating multiple waves.

Direction of waves

The waves continues traveling along the
rope even after the hand stops moving.
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Types of Mechanical Waves

 All mechanical waves travel only in
matter.

« Sound waves and waves produced by
earthquakes are mechanical waves that
travel in different mediums.
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Types of Mechanical Waves

Sound Waves

Rarefaction Compression

050 co

The movement of the speaker cone produces

compressions and rarefactions.

Sound waves are longitudinal waves that
travel in solids, liquids, and gases.

A sound wave is made of a series of
compressions and rarefactions.

A paper cone inside the speaker vibrates
in and out to produce sound waves.

The speaker makes a compression when
the speaker cone pushes air molecules
together as it moves outward.

The speaker makes a rarefaction when
the speaker cone moves inward and the
air molecules spread out.
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Types of Mechanical Waves

Water Waves

® Water waves are a combination of
transverse waves and longitudinal
waves.

® Wind produces most waves in oceans
and lakes by pushing on the surface of
the water.

Wind direction
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Types of Mechanical Waves

Seismic Waves

® Waves in Earth’s crust, called seismic
(SIZE mihk) waves, cause earthquakes.

® Seismic waves are mechanical waves
that travel within Earth and on Earth'’s
surface.

® There are both longitudinal and
transverse seismic waves.

* |In some places, parts of Earth’s upper

layers can move along a crack called

a fault.

The movement of Earth’s upper layers

along a fault produces seismic waves.

Seismic waves travel outward
in all directions from their source.
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Electromagnetic Waves

An electromagnetic wave can travel
through a vacuum and through matter.

'WORD ORIGIN .................................. .
electromagnetic

: from Greek elektron, means “amber’
: and magnes, means “lodestone’
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Electromagnetic Waves con,

Light Is an electromagnetic wave.

GV == Key CONCEPT CHECK

ldentify a type of wave that can
travel through a vacuum.
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Electromagnetic Waves con,

* Other types of electromagnetic waves
Include radio waves, microwaves,
Infrared waves, and ultraviolet waves.

* Every object gives off electromagnetic
waves.

 Humans and other objects near human

body temperature also give off mostly
Infrared waves.
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Electromagnetic Waves con,

* Electromagnetic waves carry energy that
scientists call radiant energy.

* Infrared and visible light waves carry
about 92 percent of the radiant energy
that reaches Earth from the Sun.

 Ultraviolet waves carry about 7 percent
of the Sun’s energy.
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Summary

« Waves, such as those from a burning
candle, the Sun, or a loudspeaker,
transfer energy away from the source
of the wave.

A transverse wave makes particles in

a medium move at right angles to the
direction 4

of the

wave.
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- Summary

* Alongitudinal wave makes the
particles in a medium move in a

direction that is parallel to the direction
the wave travels.

ey rrn@ig
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~ Lesson Review |

Which term refers to the highest
points on atransverse wave”?

A. trough

B. rarefaction
C. medium

crest
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~ Lesson Review |

Which can be described as a
wave that can travel only through
matter?

A. transverse wave

‘ mechanical wave

C. longitudinal wave
D. electromagnetic wave

Eei Eonneciea
glencoe .com
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~ Lesson Review |

Which is the only type of
wave that can travel through
avacuum?

electromagnetic wave

B. longitudina
C. mechanica

wave
wave

D. transverse wave

m
.com

glencoe.co
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~ Lesson Review |

What do you think (NOW2)

Do you agree or disagree?

1. Waves carry matter as they travel from
one place to another.

. Sound waves can travel where there iIs
Nno matter.

/'—-
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Wave Properties

Key Concepts@ =
- What are the properties of waves?

* How are the frequency and the
wavelength of a wave related?

« What affects wave speed?

Eei Eonneciea
glencoe .com
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Wave Properties
Vocabulary

« amplitude

e wavelenath

« frequency
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Amplitude and Energy

The amplitude of a transverse wave Is the
maximum distance the particles in a
medium move from their rest position as
the wave passes.

'WORD ORIGIN .................................. .

amplitude

from Latin amplitudinem,
means “width”
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The amplitude of a transverse wave Is
the distance from the resting position to a
crest or a trough.

4 Crest Re.s‘t
- Amplitude position

' X

2 Amplitude

Trough

This wave has a smaller amplitude and carries less energy.

(") Get Animated )
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The larger the amplitude, the more energy
the wave carries.

A . Crest Rest
position

Amplitude

v A Trough

This wave has a greater amplitude and carries more energy.
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The wave with the larger amplitude carries
more energy and makes the ball bounce
higher.

Lower Amplitude Wave Higher Amplitude Wave
The parachute transfers less energy to the ball. The parachute transfers more energy to the ball.
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Amplitude and Energy com,

» The amplitude of a longitudinal wave
depends on the distance between
particles in the compressions and
rarefactions.

* When the amplitude of a longitudinal
wave Iincreases, the particles in the
medium get closer together Iin the
compressions and farther apart in the
rarefactions.
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The amplitude
of a longitudinal
wave on a
spring depends
on the spacing
of the colls In
the
compressions
and
rarefactions.

Lower-Amplitude Wave

Here coils are

, % farther apart than

in high amplitude

waves.

VY ) | x
Here coils are closer =% jj X

together than in high

amplitude waves. j

Higher-Amplitude Wave

Here coils are
closer together
thanin low
amplitude waves.

/J

Here coils are farther j’) A )
apart than in low
amplitude waves.
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Wavelength

 The wavelength of a wave Is the
distance from one point on a wave
to the nearest point just like it.

» Wavelength is measured in units of
distance, such as meters.
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To measure the wavelength of a

transverse wave, you can measure the

distance from one crest to the next crest or

from one trough to the next trough.

Wavelength

I

Transverse Wave

g
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To measure the wavelength of a
longitudinal wave, you can measure the
distance from one compression to the next
compression or from one rarefaction to the
next rarefaction.

Longitudinal Wave

Wavelength
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Frequency

 The frequency of a wave Is the number

of wavelengths that pass by a point each
second.

* Frequency is related to how rapidly the
object or material producing the wave
vibrates.

* Each vibration of the object produces
one wavelength.
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Frequency on)

GV Key CONCEPT CHECK

What are the three properties
of waves?
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Frequency on)

* The frequency of a wave Is the same as
the number of vibrations the vibrating
object makes each second.

* The Sl unit for frequency Is hertz (Hz).

 To calculate the frequency of waves,
divide the number of wavelengths by the
time.

* As the frequency of a wave increases,
the wavelength decreases.
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Frequency and Wavelength

Wave direction sl Wave direction s

- Longer wavelength - Shorter wavelength
- Lower frequency - Higher frequency
- One complete wave passes in four seconds. - Two complete waves pass in four seconds.
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Frequency on)

GV == Key CONCEPT CHECK

How does the wavelength change
If the frequency of a wave

decreases? What If the frequency
Increases?
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Wave Speed

* Different types of
waves travel at
different speeds.

* The same type of
waves travel at
different speeds in
different materials.

« Temperature also
affects the speed at
which waves travel.

Speed of

Sound Waves in

Different Material
Material Waye Speed

(m/s)

Gases (0°C)

Oxygen 316

Dry air 331

Liquids (25°C)

Ethanol 1,207

Water 1,500

Solids

Ice 3,850

Aluminum 6,420
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Wa.ve Sp eed (cont.)

GV == Kev CONCEPT CHECK

What does wave speed
depend on?
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Wave Sp eed (cont.)

You can calculate the speed of a wave
by multiplying its wavelength and its
frequency together.

Wave Speed Equation

wave speed (in m/s) = frequency (in Hz) x (in m)
s=f
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Wave Speed con)
Use a Simple Equation

o This is what you know:

o This is what you need to find:
e Use this formula:

o Substitute:
the values for f and
into the formula and multiply

o Determine the units:

Answer: The wave speed is 350 m/s.

N

Solve for Wave Speed A mosquito beating its wings produces sound waves with a
frequency of 700 Hz and a wavelength of 0.5 m. How fast are the sound waves traveling?

frequency: f =700 Hz
wavelength: =0.5m

wave speed: s
s=f
s = (700 Hz) x (0.5 m) =350 m/s

units of v = (units of f) x (units of »)
= (Hz) x (m) = (1/s) x (m) = m/s

\

glencoe.com
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- Summary

* The amplitude
of a transverse
wave IS the
maximum
distance the

particles in a

medium move

from therest  Amplitude
position.

Get Connected
glencoe.com
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- Summary

* The wavelength of a transverse wave
IS the distance

from one point Wavelength
on a wave to the I« >l

nearest point
just like It, such
as from crest

to crest or from < >

trough to trough. Wavelength

' ] Get Connected
8 glencoe .com ) oL
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- Summary

* The wavelength of a longitudinal wave
IS the distance from
one point on a Wavelength
wave to the

. (775
nearest point () P
4/ -r “\

\
A\

just like It, such

as from

compression

to compression  Wavelength
or from

rarefaction to rarefaction.

' [ Get Connected
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~ Lesson Review |

To measure the wavelength

of atransverse wave, you can
measure the distance from one
crest to which of these?

the next crest
B. t

ne next trough

C. the next compression

D. the next rarefaction

Eei Eonneciea
glencoe .com
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~ Lesson Review |

Which refers to the number of
wavelengths that pass by a point
each second?

A. amplitude

oression

@ frequency

D. wavelength
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Lesson Review

What can you calculate by
multiplying wavelength and
frequency?

A. amplitude
B. vibration
C. wave height

wave speed
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~ Lesson Review |

What do you think (NOW2)

Do you agree or disagree?

3. Waves that carry more energy cause
particles in a material to move a
greater distance.

. Sound waves travel fastest in gases,
such as air.

/'—-
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Wave Interactions

Key Concepts@ =
« How do waves interact with matter?

 What are reflection, refraction, and
diffraction?

 What iIs interference?

Eei Eonneciea
glencoe .com
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Wave Interactions
Vocabulary

« absorption * refraction

e transmission e diffraction

e reflection e Interference

e |law of reflection
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Interaction of Waves with Matter

» Waves can be reflected by matter or they
can change direction when they travel
from one material to another.

« As waves pass through matter, some of
the energy they carry can be transferred
to matter.
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IHIVEYIRD =
Interaction of Waves with Matter con)

« Absorption occurs when
energy carried by a wave
transfers to the material in
which it Is traveling.

* The amount of energy absorbed
depends on the type of wave and the
material in which it moves.

 All materials absorb electromagnetic
waves, although some materials absorb
more electromagnetic waves than others.



http://connected.mcgraw-hill.com/
http://connected.mcgraw-hill.com/

Interaction of Waves with Matter con)

Transmission occurs when waves pass
through a material.
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Interaction of Waves with Matter con)

 Reflection occurs when
waves bounce off the
surface of a material.

* An object that reflects all
visible light would appear white,
while an object that reflects no visible
light would appear black.

 All types of waves, including sound
waves, light waves, and water waves,
can reflect when they hit a surface.



http://connected.mcgraw-hill.com/
http://connected.mcgraw-hill.com/

L -izjn“ly

Interaction of Waves with Matter con)

What are three ways that waves
Interact with matter?
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The Law of Reflection

* Aline that Is perpendicular to a surface Is
called the normal.

* The angle between the direction of the
Incoming wave and the normal Is the
angle of incidence.

* According to the law of reflection, the
angle between the direction of the
reflected wave and the normal is the
angle of reflection.
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According to the law of reflection, the
angle of incidence equals the angle of
reflection for all waves.

Normal

Reflected Incident
angle angle
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The Law of Reflection con)

:*SCIENCE USE V. COMMON USE:--+++:-++:+;
: normal :

Science Use perpendicular to or
forming a right angle with a line or
plane

Common Use conforming to a
standard or common
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Refraction

« Sometimes waves change direction even
If they are not reflected from a surface.

» Refraction occurs when a wave
changes direction because Its speed
changes.

* The greater the change in speed, the
more the wave changes direction.
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The beam of light changes direction
because light waves slow down as they
move from air into water.

light

"a=1 Cet Connected |
= x| Tal (<] >)


http://connected.mcgraw-hill.com/
http://connected.mcgraw-hill.com/

Refraction on)

'WORD ORIGIN .................................. .

refraction

from Latin refractus, means
“to break up”
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Diffraction

* Waves can change direction as they
travel by objects.

* The change In direction of a wave when
it travels by the edge of an object or
through an opening is called diffraction.

* The wavelengths of sound waves are
similar in size to many common objects.
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Diffraction cont)

Compare and contrast reflection,
refraction, and diffraction.
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Interference

* In addition to Interacting with matter,
waves also interact with each other.

* Interference occurs when waves that
overlap combine to form a new wave.

+ After waves travel through each other,
they keep moving without having been

changed.
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Wave Interference

When waves interfere with each other,
they create a new wave that has a different
amplitude than either original wave.

Two waves approach each other from opposite directions.

Wav% ;;’\ﬂb | o Wave B o
N . Sl P
Ry _ =

N Get Animated |
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[esson “

Wave Interference

The waves interfere with each other and form a large amplitude wave.

Wave A + Wave B

The waves keep traveling in opposite directions after they move through each other.
Wave B
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Interference con)

* As waves travel through each other,
sometimes the crests of both waves
overlap, forming a new wave with greater
amplitude than either of the original
waves.

 This type of interference is called
constructive interference.
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Interference con)

 Destructive interference occurs when a
crest of one wave overlaps the trough of
another wave.

* The new wave that forms has a smaller
amplitude than the sum of the
amplitudes of the original waves.
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Wave 1 Wave 1 + Wave 2
Wave 2

Constructive Interference

Wave 1

mWave 1+ Wave 2 /\

Wave 2 —

Destructive Interference

D [# [# @ )
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Interference con)

Describe two types of wave
Interference.
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 Transmission occurs
when waves travel
through a material.

/,—'—“

(D [+ [a) & [
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Summary )

 Reflection occurs when
waves bounce off the
surface of a material.

The change in direction
of a wave when it travels
through an opening is
diffraction.

Get Connected 4
I} glencoe .com L
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~ Lesson Review |

Which occurs when a wave
changes direction because its
speed changes?

A. diffraction

B. Interference

C. reflection

refraction

Eel Eonneclea
il glencoe.com



http://connected.mcgraw-hill.com/
http://connected.mcgraw-hill.com/

~ Lesson Review |

Which occurs when waves that
overlap combine to form a new
wave?

A. diffraction

Interference

C. reflection

D. refraction

Eel Eonneclea
il glencoe.com
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~ Lesson Review |

According to the law of reflection,
the angle of incidence equals
which of these?

ne angle of refraction

ne angle of reflection

ne angle of interference

ne angle of diffraction
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~ Lesson Review |

What do you think (NOW2)

Do you agree or disagree?

5. When light waves strike a mirror, they
change direction.

6. Light waves travel at the same speed
In all materials.

/'—-
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Key Concept Summary

Interactive Concept Map

Chapter Review

Standardized Test Practice
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Waves transfer energy
but not matter as they
travel. Waves, such as

light waves and sound
waves, move at
different speeds In
different materials.
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l esson 1: What are waves?

* Vibrations cause waves.

« Transverse waves make particles in a medium move
at right angles to the direction that the wave travels.
Longitudinal waves make particles in a medium
move parallel to the direction that the wave travels.

« Mechanical waves cannot
move through a vacuum,
but electromagnetic Direction
waves can. wave moves

—
 <THUTRARANE TR
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Lesson 2: Wave Properties

Amplitud
. All waves have the t mp; IS8 Wavelangih
X

properties of amplitude, f\_
wavelength, and frequency. «© -

« Increasing the frequency { . Amplitude
of a wave decreases the
wavelength, and decreasing
the frequency increases the wavelength.

« The speed of a wave depends on the type of
material in which it is moving and the temperature
of the material.
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Lesson 3: Wave Interactions

« When waves interact with matter,
absorption and transmission
can OCCuUr.

« Waves change direction as they
Interact with matter when

reflection, refraction, or diffraction occurs.

 Interference occurs while waves that overlap
combine to form a new wave.
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Which type of wave makes
particles in a medium move at
right angles to the direction the
wave travels?

A. longitudinal wave

B. mechanical wave
C. selsmic wave

transverse wave

——————————
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Chapter Review

PR R/

Which term describes the back-
and-forth or up-and-down
movement of an object?

A. compressions
B. crests

C. troughs

vibrations
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Which describes the maximum
distance the particles in a medium
move from their rest position as the
wave passes?

A. awave’s wavelength
B. awave’s speed
C. awave's frequency

a wave’'s amplitude

(@ [x] (= & [
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ppens to the particles In
pressions when the

amplituc

e of a longitudinal wave

Increases?

They

B. They
C. They
D. They

get closer together.
get further apart.

are unchanged.
cannot be measured.
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Chapter Review

Which occurs when energy
carried by a wave transfers to the
material in which it is traveling?

absorption

B. reflection
C. refraction
D. transmission

Eei Eonneciea
glencoe .com
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—_—

_Standardized Test Practice

Which is the source of energy
that produce all mechanical
waves?

A. water

vibrating objects

C. troughs

D. crests
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PR
Standardized Test Practice

: A r——

Which describes a material in
which a mechanical wave travels?

C. rarefaction

D. trough

Eei Eonneciea
glencoe .com
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Standardized Test Practice |,

Every object gives off which
of these?

electromagnetic waves

B. longitudinal waves

C. mechanical waves
D. transverse waves

(@ [x] (= & [
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_Standardized Test Practice

Each vibration of an object
produces which of these?

A. one compression
B. one rarefaction

@ one wavelength
D. two wavelengths

(@ [x] (= & [


http://connected.mcgraw-hill.com/
http://connected.mcgraw-hill.com/

—_—

Standardized Test Practice

: A r——

Which term refers to what

happens when waves bounce
off the surface of a material?

A. absorption

‘ reflectlon

. refraction

D. transmission
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