(e Jdatura of ‘WMavas

Imagine that your famnily has just returned fone fronm
day at the beach, You hod fun playing in the ocean under
a hot sun., You put some cold pizza in the microwave for
dinner, and you turn on the radio, Just then, the Phone -
Objectives - rings. [ts your friend culling to usk ubout homework,

D Describe how waves transfer energy
without transferring matter,

In the events described above, how many different waves were
present? Believe it or not, there were at least tive! Can You nime

T e s s e om

9 Distinguish between waves that them? Here’s a hint: A wave s any disturbance that transmits | :

require a medium and waves that

do not, energy through matter or empty space. Okay, here are () ¢
d Explain the difference between y  MISwers: water waves In the ocean; light waves from the sus; 4

transverse and longitudinal waves. - microwaves inside the microwave oven;: radio waves transimei-

ted to the radio; and sound waves from the radio, telephone, Fl

ferms to Learn and voices. Don’t worry if ou didn’t get very many. You vill '
wave transverse wave ' Iy ity 5 Y Y. tou s e

medium longitudinal wave | be able to name them all after you read this section. W,

(" WL JOITTR What do all waves have in common? (Sew the

READING.STRATEGY ; Appendix for answers to Reading Checks,)

Y|

Discusslon Read this section silently, : : "'0
Write down questions that you have ©  "“W3ye Energy L)
about this section. Discuss your ques- . . . . ¥ ure
lions in a small group. - Energy can be carried away trom its source by a wave. You «.ani

~" ubserve an example of a wave jf you drop a rock in a pond, .

f. 4
Waves from the rock’s splash carry energy away from the splasis, LY 3 :HI
However, the materiai through which the wave travels iloevet ::w(

not move with the energy. Look at Figure 1. Can you nove 4 g of 2
a leaf on a pond if you are standing on the shore? You vupifa g
make the leaf bob up and down by making waves that carnp il -
wave: a periodic disturbance in enough energy through the water, But you would not 1n.se

a solid, liquid, or gas as energy is the leaf move in the same direction as the wave,
transmitted through a medium

R

~ Wave motion
?: e e )

-
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Figure 1 Waves on a pond move
toward the shore, but the water
and the leaf floating on the surface
only bob up and down.
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‘Vaves and Work

As 4 wave travels, it does work on everything in its path. The
waves in a pond do work on the water to make it move up
and down. The waves also do work on anything tloating on
the water's surface. For example, boats and ducks bob up and
down with waves. The fact that these objects move tells you
that the waves are transferring energy.

znergy Iransfer Through a Medium

Most waves transfer energy by the vibration of particles in a
medium. A medium Is a substance through which a wave can
travel. A medium can be a solid, a liquid, or a gas. The plural
of medium is media.

When a particle vibrates {moves back and forth, as in
Figure 2), it can pass its energy to a particle next to it. The
second particle will vibrate like the first particle does. [n this
" way, energy is transmitted through a medium.

sound waves need a medium. Sound energy travels by the
vibration of particles in liquids, solids, and gases. If there are
no particles to vibrate, no sound is possible. [f you put an
alarm clock inside a jar and remove all the air from the jar to
. Cfeate a vacuum, you wiil not be able to hear the alarm.

Other waves that need a medium include ocean waves,
which move through water, and waves that are carried on
. guitar and cello strings when they vibrate. Waves that need a
- medium are called mechanical waves. Figure 3 shows the effect
of 2 mechanical wave in Earth’s crust: an earthquake.

Figure 2 A vibration is one
complete back-and-forth
motion of an object.

mediume a physical environment
in which phenomena occur

flgure 3 Earthquakes cause
seismic waves to travel through
Earth’s crust The energy they
carry can be very destructive to
anything on the ground,
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Figure 4 Light waves
electromagnetic waves, which do
not need a medium,
from the Crab nebul
here, travel through the vacuum
of space billions of miles to Earth,
where they can be detected with
a telescope,

Light waves
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Energy Transfer Without a Medium

Some waves can transfer energy without golng through
2 medium. Visible light is one example, Other examples- -
include microwaves made by microwave ovens, TV and radig
signals, and X fays used by dentists and doctors. These waves
are electromagnetic waves,

Although electromagnetic waves do not need 3 medium,
they can go through matter, such as air, water, and glass,
the energy that reaches Eacth from the syn comes through
clectromagnetic waves, which go through space. As shown in
Figure 4, you can see light from stars because electromagnetic .*

R Reading Chech How do electromagnetic waves differ from
mechanical waves?

Light Speed Light waves from stars and galaxies travel great

.

BEH g e

distances that are best expressed in light-years, A light-year is thw .3 4 :

distance a ray of light can travel in one year. Some of the light
waves from these stars have traveled billions of light-years befaru




- .

ML waves transfer energy by repeated vibrations. However,
waves can differ in omany ways, Waves can be classitied based
on the direction in which the particles of the medium vibrate
compared with the direction in which the waves move. The
Iwo main types of waves are transverse waves and longitudinal
(AN juh TOOD'n uhl) waves, Snetitmes, a transverse wave
and a longitudinal wave can combine to form another Kind
of wave catled a surfuce wave,

svarse Yavas
Waves in which the particles vibrate in an up-and-down
mation are called transverse waves. [Tansverse means “moving
across.” The particles in this kind of wave move across, or
perpendicularly to, the direction that the wave is going. To
be perpendiculur means to be “at right angles.”

A witve moving on a rope is an example of a transverse
wave. [n Figure 3, you can sce that the points along the rope
vibrate perpendicularly to the direction the wave is going,
e highest point of & transverse wave is called a crest,
aed the lowest point between cach crest is called a trough
L RAWE), Although electromagnetic waves do not travel by
vibrating particles in a medium, all electromagnetic waves are
considered transverse waves, The reason is that the waves are
made of vibrations that are perpendicular to the direction of
rtion,

{ Figurénsh motlom of Transverse Wavews\r 7100 Wk vy

A wave on a rope is a transverse wave
because the particles of the medium vibrate
perpendicularly to the direction the wave moves.

Vo N ety
\WEANER Yii/i
For another activity related

to this chapter, go to

go.hrw.com and type in the
keyword HPSWAVW.

transverse wave a wave in which
the particles of the medium move
perpendicularly to the direction the
wave is traveling

The wave travels to the right.

2
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e points along
the rope vibrate
up and down. i [
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combinations of ‘Yaves

When waves form at or near the boundary between two media,
1 transverse wave and a tongitudinal wave can combine to form
a surface wave. An example is shown in Figure 8. Surface waves
look like teansverse waves, but the particles of the medium in
a surface wave move in circles rather than up and down. The
particles move forward at the crest of each wave and move
hackward at the trough.

Wave Motion——i

Using Key_Terms

Complete each of the following
sentences by choosing the correct
term from the word bank.

transverse wave wave
longitudinal wave medium

1. [na __, the particles vibrate

.
[Mmmdany
) A wave is a disturbance i paraltel to the direction that the
: wave travels,

that transmits energy.

) The particles of a . 2. Mechanical waves requirea __
medium do not travel through which to travel.
with the wave, ¢ 3. Any __ transmits energy through
) Mechanical waves vibrations.
require a medium, but

4. In a __, the particles vibrate
perpendicularly to the direction
that the wave travels.

[,

electromagnetic waves
Jo not.
) Particles in a transverse

wave vibrate perpen- Understanding Xey !deas

Jicularly to the direction
the wave travels. 5, Waves transfer
) Particles in a longitudi- | a. matter. c. particles.
! irection that the
n.::)a::eetravels. 5. Name a kind of wave that does

not require a medium.

Critical Thinking

7. Applying Concepts Sometimes,
people at a sports event do “the
wave.” [s this a real example of a
wave? Why or why not?

Figure 8 Ocean waves are
surface waves. A floating bottle
shows the circular motion of
particles in a surface wave.

8. Making Inferences Why can
supernova explosions in space
be seen but not heard on Earth?

Interpreting_Graphics

9. Look at the figure below. Which
part of the wave is the crest?
Which part of the wave is the
trough?

For a variety of links related to this
chapter, go to www,sgilinks,oggn’

Topic: The Mature of Waves; 5
[ipes of ‘Waves

Scilinks code: HSMIOIT; HSM1574
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Figure 8

Pushing a spring !?ack and forth Rarefactions
creates a longitudinal wave,

n:,;h o angitucin :1?; T‘LL ‘%' rélcomprESSion:Ll
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Traughs

/ \ - Crests \
Tranverse wave

Longitudinal Waves

Longitudinal wave

longitudinal waves a waye in
which the particles of the medium back and forth along th
vibrate pa'rallel to the direction of make a lon gitudinal wa
wave motion

the end of the spring, the coils of the spring crowd together,
A part of a longitudinai wave where the particles are crowded
together is called a compression. When you pull back on the
end of the spring, the coils are pulled apart, A part where the

figure 7 Sound energy is
carried away from a drum bya
longitudinal wave through the air,

When the drumhead moves out
after being hit, a compression is
created in the air particles,

When the drumhead maves
back in, a rarefaction is
created,

578 Chapter 20  The Energy of Waves
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READING WARMS U

13bjectives
) tdentify and describe four
wave properties.
9 Explain how frequency and
wavelength are related to the
speed of 3 wave,

farms to Learn

Jamplitude frequency
wavelength  wave speed

READING STRATEGY

Mnemonics As you read this section,
create a mnemanic device to help you
remember the wave equation.

amplitude the maximum
distance that the particles of a
wave’s medium vibrate from their
rest position

Figure 1 The amplitude of g
transverse wave is measured from
the rest pasition to the crest or to
the trough of the wave.

580 Chapter 20
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roperties of ‘Waves

You are in a swimming pool, floating on your uir mualttress,
crjoying a gentle breeze, Your friend does a “cunnonball”
from the high dive nearby. Suddenly, your mattress is
rocking wildly on the waves Senerated by the huge splash,

- T

The breeze generates waves in the water gs well, but they are
very different from the waves created by your diving friend.
The waves made by the breeze are shallow and close together,
while the waves from your friend’s splash are tal] and widely
spaced. Properties of waves, such as the height of the waves
and the distance between crests, are useful for comparing aul
describing waves,

Amplitude

If you tie one end of a rope to the back of a chair, you can
create waves by moving the free end up and down. If yon -
shake the rope a little, you will make a shallow wave, |f yi g
shake the rope hard, you will make a tal wave,
The amplitude: of a wave is related to it height. A waver. Bt R
amplitude is the maximum distance that the particles ot » &8
medium vibrate from their rest position. The rest position u;’“
the point where the particles of a medium stay when llu-mf?*_}‘.' :
are no disturbances. The larger the amplitude is, the taller 1hwis "
wave is. Figure 1 shows how the amplitude of a transw-:-w:}%;}' 23
wave may be measured. e

a
TR ] S

.:.;",'}ﬂ_._;. L
Larger Amplitude~More Energy

-2
When using a rope to make waves, you have to work harder tuel:
create a wave with a large amplitude than to create one wang it §
a small amplitude. The reason is that it takes more enviyy S oE N
move the rope farther from its rest position. Therefore, .1 v -\#?311
with a large amplitude carries more énergy than a wave -mi'g;,'_;,

a small amplitude does.

Amplitude

— e = o owm

Rest position
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\nother property of waves is wavelength., A wavelength is
the distance between any two crests or compressions next to
vach other in a wave. The istance between two troughs or
rarefactions next to each other is also a wavelength. In Fact,
the wavelength can be measured from any point on a wave
10 the next corresponding point on the wave. Wavelength is
measured the same way in both a longitudinal wave and a
transverse wave, as shown in Figure 2.

sorter 'Maveleagth~\ore Eneray

it vou are making waves on vither a spring or a rope, the rate
#t which you shake it will determine whether the wavelength
s short or long. If you shake it rapidly back and forth, the
wavelength will be shorter. If you are shaking it rapidty, you
e putting iore energy into it than if you were shaking it
more stowly. S0, a4 wave with a shorter wavelength carries more
energy than a wave with a longer wavelength does.

¥ KSR TIRT] How does shaking a rope at different rates
Hteet the wavelength of the wave that moves through the rope?
v the Appendix for answers toe Reading Chiecks.)

MeasuringWavelengﬁhsﬂsn 5

Wavelength can be measured from any two corre-
wponding points that are adjacent on a wave.

Longitudinal wave
, Wavelength .

I i
J /(J}//(/ y )”/(/ /(/// J

Wavelength ‘

fransverse wave

. Wavelength |
-’ [ -
‘ s /
' _.f'j \ ..-/ \ 7 f \
> ] i
! Wavelength '

wavelength the distance from any
point on a wave to an identical point
on the next wave

(‘)UlCJ_Jj)

Springy Waves

t. Hold a coiled spring toy
on the floor between you
and a classmate so that
the spring is straight. This
is the rest position.

!. Move one end of the
spring back and forth at
a constant rate. Nate the
wavelength of the wave
you create.

$. Increase the amplitude of
the waves. What did you
have to do? How did the
change in amplitude affect
the wavelength?

1. Now, shake the spring
back and forth about twice
as fast as you did before.
What happens to the
wavelength? Record your
observations.
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Figure 3 Frequency can be measured
by counting how many waves pass

by in a certain amount of time, Here,
twe waves went by in 10 s, so the
frequency is 2/10's = 0.2 Hz.

fraquancy

uickly you move the rope. If you move the rope
slowly, you make only a small number of waves
each second. [f you move it quickly, you make
4 large number of waves. The number of waves
produced in a given amount of time is the frequency:

(Hz). For waves, one hertz equals one wave per
second (1 Hz = 1/s). Figure 3 shows a wave with

i Reading Chech
second, what Is the frequency of the wave?

Higher frequency-More Energy

) To make high-frequency waves in a rope, you must
y shake the fope quickly back and forth, -

‘Vave Speed

Wave speed is the speed at which a wave travvh.-:‘
Wave speed (v) can be calculated using wavelengt
(4, the Greek letter lambda) and frequency L

by using the waye equation, which is sl
below: :

If you make three fope waves per

V=AXF

' v
AT £oCiys)
Wave Caleulations Determine the wave speed
of a wave that has a wavelength of S m and 3
frequency of 4 Hz.

Step 1: Write the equation for wave speed,
v=2AXxf
Step 2: Replace the A and fwith the values given
in the problem, and solve,
¥'=5mx 4 Hz = 20 m/s
The equation for wave speed can also be re-

drranged to determine wavelength or frequency,
s shown at top right.

A= I—‘:— (Rearranged by dividing by 1)
f= ¥ (Rearranged by dividing by .1.)

low it’s Your Nirn

1. What is the frequency of 2 wave g R e
wave has a speed of 12 €m/s and 4 w.vise & e :',::
length of 3 cm? R ,_“.,.,.w

2. A wave has 3 frequency of 5 Hz ani &, o talry
wave speed of 18 m/s, What is ity v an LY ’f Pos
length? ‘! 3

582 Chapter 20  The Energy of Waves




‘raquency and ‘Wavelength Relatianship

[hree of the basic properties of a wave are related to one
another in the wave equation—wave speed, frequency, and
wavelength. [f you know any two of these properties of a wave,
you can use the wave equation to tind the third.

One of the things the wave equation tells you is the relation-
;hip between frequency and wavelength. If a wave is traveling
1 certain speed and you double its frequency, its wavelength
vill be cut in haif. Or if you were to cut its frequency in half,
he wavelength would be double what it was before. So, you
.n say that frequency and wavelength are inversely related.
think of a sound wave, traveling underwater at 1,440 m/s,
jiven off by the sonar of a submarine like the one shown in
‘gura 4. If the sound wave has a frequency of 360 Hg, it will
1ve a wavelength of 4.0 m. If the sound wave has twice that
requency, the wavelength will be 2.0 m, half as big.

The wave speed of a wave in a certain medium is the
ame no matter what the wavelength is. So, the wavelength
nd frequency of a wave depend on the wave speed, not the
ither way around,

T

ECTION

Using_ Key Terms

1. In your own words, write a
deflnition for each of the
following terms: wnplitiule,
frequency, and wavelength.

Understanding Key Ideas
2. Which of the foilowing results
in more energy in a wave?
a. a smaller wavelength
b. a fower frequency
c. a shallower amplitude
d. a lower speed

) Amplitude is the maxi-
mum distance the parti- :

cles of a medium vibrate .
from their rest position.

) Wavelength is the
distance between two
.djacent corresponding
parts of a wave.

) Frequency is the
number of waves that
pass a given point in a
siven amount of time.

) Wave speed can be
raleulated by multiplying
the wave's wavelength
hy the frequency.

3. Draw a transverse wave, and
label how the amplitude and
wavelength are measured.

Maﬂl Skills

3. What is the speed (v) of a wave
that has a wavelength (A) of 2 m
and a frequency (f) of 6 Hz?

Figure & Submarines use sonar,
sound waves in water, to locate
underwater objects.

frequency the number of waves
produced in a given amount of time

wave speed. the speed at which a
wave travels through a medium

Critical Thinking

5. Making Inferences A wave hasa
low speed but a high frequency.
What can you infer about its
wavelength?

6. Analyzing Processes Two friends
hlow two whistles at the same
tirme. The first whistle makes a
sound whose frequency is twice
that of the sound made by the
other whistle. Which sound wiil
reach you first?

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

Topic: Praperties of *Yaves
Scilinks code: HSM1236




