What is sound?
Sound and Vibration
■
■
■

Identify the characteristics of
sound waves.
Explain how sound travels.
Describe the Doppler effect.

Think of all the sounds you’ve heard since you awoke this
morning. Did you hear your alarm clock blaring, car horns
honking, or locker doors slamming? Every sound has something
in common with every other sound. Each is produced by something that vibrates.

Sound Waves How does an object that is vibrating produce
Sound gives important information
about the world around you.

Review Vocabulary
frequency: number of wavelengths that pass a given point
in one second, measured in
hertz (Hz)

New Vocabulary

•• loudness
pitch
•• echo
Doppler effect

Figure 1 When the coils of a
coiled spring toy are squeezed
together, a compressional wave
moves along the spring. The coils
move back and forth as the compressional wave moves past them.
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sound? When you speak, the vocal cords in your throat vibrate.
These vibrations cause other people to hear your voice. The
vibrations produce sound waves that travel to their ears. The
other person’s ears interpret these sound waves.
A wave carries energy from one place to another without
transferring matter. An object that is vibrating in air, such as
your vocal cords, produces a sound wave. The vibrating object
causes air molecules to move back and forth. As these air molecules collide with those nearby, they cause other air molecules to
move back and forth. In this way, energy is transferred from one
place to another. A sound wave is a compressional wave, like the
wave moving through the coiled spring toy in Figure 1. In a
compressional wave, particles in the material move back and
forth along the direction the wave is moving. In a sound wave,
air molecules move back and forth along the direction the
sound wave is moving.

Rarefaction

Compression

When the tuning fork vibrates outward, it forces
molecules in the air next to it closer together,
creating a region of compression.

When the tuning fork moves back, the molecules in the air next to it spread farther apart,
creating a region of rarefaction.

Making Sound Waves When an object vibrates, it exerts a
force on the surrounding air. For example, as the end of the tuning fork moves outward into the air, it pushes the molecules in
the air together, as shown on the left in Figure 2. As a result, a
region where the molecules are closer together, or more dense,
is created. This region of higher density is called a compression.
When the end of the tuning fork moves back, it creates a region
of lower density called a rarefaction, as shown on the right in
Figure 2. As the tuning fork continues to vibrate, a series of
compressions and rarefactions is formed. The compressions and
rarefactions move away from the tuning fork as molecules in
these regions collide with other nearby molecules.
Like other waves, a sound wave can be described by its wavelength and frequency. The wavelength of a sound wave is shown
in Figure 3. The frequency of a sound wave is the number of
compressions or rarefactions that pass by a given point in one
second. An object that vibrates faster forms a sound wave with a
higher frequency.
Compression

Wavelength

Figure 2 A tuning fork makes a
sound wave as the ends of the fork
vibrate in the air.
Explain why a sound wave cannot
travel in a vacuum.

Figure 3 Wavelength is the distance from one compression to
another or one rarefaction to
another.

Wavelength

Rarefaction
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The Speed of Sound
Comparing and
Contrasting Sounds
Procedure
1. Strike a block of wood
with a spoon and listen
carefully to the sound.
Then press the block of
wood to your ear and
strike it with the spoon
again. Listen carefully to
the sound.
2. Tie the middle of a length
of cotton string to a metal
spoon. Strike the spoon on
something to hear it ring.
Now press the ends of the
string against your ears
and repeat the experiment. What do you hear?
Analysis
1. Did you hear sounds transmitted through wood and
through string? Describe
the sounds.
2. Compare and contrast the
sounds in wood
and in air.

Sound waves can travel through other materials besides air.
In fact, sound waves travel in the same way through different
materials as they do in air, although they might travel at different
speeds. As a sound wave travels through a material, the particles
in the material collide with each other. In a solid, molecules are
closer together than in liquids or gases, so collisions between
molecules occur more rapidly than in liquids or gases. The speed
of sound is usually fastest in solids, where molecules are closest
together, and slowest in gases, where molecules are farthest apart.
Table 1 shows the speed of sound through different materials.

The Speed of Sound and Temperature The temperature
of the material that sound waves are traveling through also
affects the speed of sound. As a substance heats up, its molecules
move faster, so they collide more frequently. The more frequent
the collisions are, the faster the speed of sound is in the material.
For example, the speed of sound in air at 0°C is 331 m/s; at 20°C,
it is 343 m/s.

Amplitude and Loudness
What’s the difference between loud sounds and quiet sounds?
When you play a song at high volume and low volume, you hear
the same instruments and voices, but something is different. The
difference is that loud sound waves generally carry more energy
than soft sound waves do.
Loudness is the human perception of how much energy a
sound wave carries. Not all sound waves with the same energy
are as loud. Humans hear sounds with frequencies between
3,000 Hz and 4,000 Hz as being louder than other sound waves
with the same energy.
Table 1 Speed of Sound Through Different Materials
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Material

Speed (m/s)

Air

343

Water

1,483

Steel

5,940

Glass

5,640

Compression

Rarefaction

Compression

This sound wave has a lower amplitude.

Rarefaction

This sound wave has a higher amplitude. Particles in the
material are more compressed in the compressions and
more spread out in the rarefactions.

Amplitude and Energy The amount of energy a wave car-

Figure 4 The amplitude of a

ries depends on its amplitude. For a compressional wave such as
a sound wave, the amplitude is related to how spread out the
molecules or particles are in the compressions and rarefactions,
as Figure 4 shows. The higher the amplitude of the wave is, the
more compressed the particles in the compression are and the
more spread out they are in the rarefactions. More energy had to
be transferred by the vibrating object that created the wave to
force the particles closer together or spread them farther apart.
Sound waves with greater amplitude carry more energy and
sound louder. Sound waves with smaller amplitude carry less
energy and sound quieter.

sound wave depends on how
spread out the particles are in the
compressions and rarefactions of
the wave.

What determines the loudness of
different sounds?

The Decibel Scale Perhaps an adult has said to
you, “Turn down your music, it’s too loud! You’re
going to lose your hearing!” Although the perception
of loudness varies from person to person, the energy
carried by sound waves can be described by a scale
called the decibel (dB) scale. Figure 5 shows the decibel scale. An increase in the loudness of a sound of
10 dB means that the energy carried by the sound
has increased ten times, but an increase of 20 dB
means that the sound carries 100 times more energy.
Hearing damage begins to occur at sound levels
of about 85 dB. The amount of damage depends on
the frequencies of the sound and the length of time
a person is exposed to the sound. Some music concerts produce sound levels as high as 120 dB. The
energy carried by these sound waves is about 30 billion times greater than the energy carried by sound
waves that are made by whispering.

150
140

Figure 5 The loudness of sound
is measured on the decibel scale.
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Frequency and Pitch

Figure 6 The upper sound wave
has a shorter wavelength than the
lower wave. If these two sound
waves are traveling at the same
speed, the upper sound wave has a
higher frequency than the lower
one. For this wave, more compressions and rarefactions will go past
a point every second than for the
lower wave.
Identify the wave that has a
higher pitch.

Wavelength

Wavelength
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The pitch of a sound is how high or low it sounds. For example, a piccolo produces a high-pitched sound or tone, and a tuba
makes a low-pitched sound. Pitch corresponds to the frequency
of the sound. The higher the pitch is, the higher the frequency
is. A sound wave with a frequency of 440 Hz, for example, has a
higher pitch than a sound wave with a frequency of 220 Hz.
The human ear can detect sound waves with frequencies
between about 20 Hz and 20,000 Hz. However, some animals
can detect even higher and lower frequencies. For example, dogs
can hear frequencies up to almost 50,000 Hz. Dolphins and bats
can hear frequencies as high as 150,000 Hz, and whales can hear
frequencies higher than those heard by humans.
Recall that frequency and wavelength are related. If two
sound waves are traveling at the same speed, the wave with the
shorter wavelength has a higher frequency. If the wavelength is
shorter, then more compressions and rarefactions will go past a
given point every second than for a wave with a longer wavelength, as shown in Figure 6. Sound waves with a higher pitch
have shorter wavelengths than those with a lower pitch.

The Human Voice When you make a sound, you exhale past
your vocal cords, causing them to vibrate. The length and thickness of your vocal cords help determine the pitch of your voice.
Shorter, thinner vocal cords vibrate at higher frequencies than
longer or thicker ones. This explains why children, whose vocal
cords are still growing, have higher voices than adults. Muscles
in the throat can stretch the vocal cords tighter, letting people
vary their pitch within a limited range.

Figure 7 Sonar uses reflected
sound waves to determine the
location and shape of an object.

Echoes
Sound reflects off of hard surfaces, just like a water wave
bounces off the side of a bath tub. A reflected sound wave is
called an echo. If the distance between you and a reflecting surface is great enough, you might hear the echo of your voice. This
is because it might take a few seconds for the sound to travel to
the reflecting surface and back to your ears.
Sonar systems use sound waves to map objects underwater,
as shown in Figure 7. The amount of time it takes an echo to
return depends on how far away the reflecting surface is. By
measuring the length of time between emitting a pulse of sound
and hearing its echo off the ocean floor, the distance to the
ocean floor can be measured. Using this method, sonar can map
the ocean floor and other undersea features. Sonar also can be
used to detect submarines, schools of fish, and other objects.
How do sonar systems measure distance?

Echolocation Some animals use a
method called echolocation to navigate
and hunt. Bats, for example, emit high-pitched
squeaks and listen for the echoes. The type of
echo it hears helps the bat determine exactly
where an insect is, as shown in Figure 8. Dolphins
also use a form of echolocation. Their highpitched clicks bounce off of objects in the ocean,
allowing them to navigate in the same way.
People with visual impairments also use
echolocation. For example, they can interpret
echoes to estimate the size and shape of a room
by using their ears.

Topic: Sonar
Visit booko.msscience.com for Web
links to information about how
sonar is used to detect objects
underwater.

Activity List and explain how
several underwater discoveries
were made using sonar.

Figure 8 Bats use echolocation
to hunt.
Explain why this is a good technique for hunting at night.
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The Doppler Effect

Doppler Shift of Light
The frequency of light
waves is also changed by
the Doppler shift. If a light
source is moving away
from an observer, the frequencies of the emitted
light waves decrease.
Research how the
Doppler shift is used by
astronomers to determine
how other objects in the
universe are moving relative to Earth.

Perhaps you’ve heard an ambulance siren as the ambulance
speeds toward you, then goes past. You might have noticed that
the pitch of the siren gets higher as the ambulance moves toward
you. Then as the ambulance moves away, the pitch of the siren
gets lower. The change in frequency that occurs when a source
of sound is moving relative to a listener is called the Doppler
effect. Figure 9 shows why the Doppler effect occurs.
The Doppler effect occurs whether the sound source or the
listener is moving. If you drive past a factory as its whistle blows,
the whistle will sound higher pitched as you approach. As you
move closer you encounter each sound wave a little earlier than
you would if you were sitting still, so the whistle has a higher
pitch. When you move away from the whistle, each sound wave
takes a little longer to reach you. You hear fewer wavelengths per
second, which makes the sound lower in pitch.
Radar guns that are used to measure the speed of cars and
baseball pitches also use the Doppler effect. Instead of a sound
wave, the radar gun sends out a radio wave. When the radio
wave is reflected, its frequency changes depending on the speed
of the object and whether it is moving toward the gun or away
from it. The radar gun uses the change in frequency of the
reflected wave to determine the object’s speed.

How does Doppler radar work?

D

oppler radar is used by the National
Weather Service to detect areas of
precipitation and to measure the speed
at which a storm moves. Because the
wind moves the rain, Doppler radar can
“see” into a strong storm and expose the
winds. Tornadoes that might be forming in the storm then can be identified.

Identify the Problem
An antenna sends out pulses of radio
waves as it rotates. The waves bounce off
raindrops and return to the antenna at a
different frequency, depending on
whether the rain is moving toward the
antenna or away from it. The change in
frequency is due to the Doppler shift.
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Solving the Problem
1. If the frequency of the reflected
radio waves increases, how is the rain
moving relative to the radar station?
2. In a tornado, winds are rotating. How
would the radio waves reflected by
rotating winds be Doppler-shifted?

NGS TITLE
VISUALIZING
THE DOPPLER EFFECT
Figure 9

Y

ou’ve probably heard the siren of an ambulance as it races through
the streets. The sound of the siren seems to be higher in pitch as
the ambulance approaches and lower in pitch as it moves away.
This is the Doppler effect, which occurs when a listener and a source of
sound waves are moving relative to each other.

A

B

C

A As the ambulance

B As the ambulance

speeds down the
street, its siren emits
sound waves. Suppose
the siren emits the
compression part of
a sound wave as it goes
past the girl.

continues moving, it
emits another compression. Meanwhile,
the first compression
spreads out from the
point from which it
was emitted.

C The waves traveling in the direction that the
ambulance is moving have compressions closer
together. As a result, the wavelength is shorter
and the boy hears a higher frequency sound as the
ambulance moves toward him. The waves traveling
in the opposite direction have compressions that are
farther apart. The wavelength is longer and the girl
hears a lower frequency sound as the ambulance
moves away from her.
SECTION 1 What is sound?
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If the wavelength is much smaller than the opening,
less diffraction occurs.

More diffraction occurs if the wavelength is larger.

Wall

Figure 10 The spreading of a
wave by diffraction depends on the
wavelength and the size of the
opening.
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Wall

Diffraction of Sound Waves
Like other waves, sound waves diffract. This means they can
bend around obstacles or spread out after passing through narrow openings. The amount of diffraction depends on the wavelength of the sound wave compared to the size of the obstacle or
opening. If the wavelength is much smaller than the obstacle,
almost no diffraction occurs. As the wavelength becomes closer
to the size of the obstacle, the amount of diffraction increases.
You can observe diffraction of sound waves by visiting the
school band room during practice. If you stand in the doorway,
you will hear the band normally. However, if you stand to one
side outside the door or around a corner, you will hear the
lower-pitched instruments better. Figure 10 shows why this happens. The sound waves that are produced by the lower-pitched
instruments have lower frequencies and longer wavelengths.
These wavelengths are closer to the size of the door opening
than the higher-pitched sound waves are. As a result, the longer
wavelengths diffract more, and you can hear them even when
you’re not standing in the doorway.
The diffraction of lower frequencies in the human voice
allows you to hear someone talking even when the person is
around the corner. This is different from an echo. Echoes occur
when sound waves bounce off a reflecting surface. Diffraction
occurs when a wave spreads out after passing through an opening, or when a wave bends around an obstacle.

Using Sound Waves
Sound waves can be used to treat certain medical problems. A process called
ultrasound uses high-frequency sound
waves as an alternative to some surgeries.
For example, some people develop small,
hard deposits in their kidneys or gallbladders. A doctor can focus ultrasound waves
at the kidney or gallbladder. The ultrasound waves cause the deposits to vibrate
rapidly until they break apart into small
pieces. Then, the body can get rid of them.
Ultrasound can be used to make images of the inside of the
body. One common use of ultrasound is to examine a developing fetus. Also, ultrasound along with the Doppler effect can be
used to examine the functioning of the heart. An ultrasound
image of the heart is shown in Figure 11. This technique can
help determine if the heart valves and heart muscle are functioning properly, and how blood is flowing through the heart.

Figure 11 Ultrasound is used to
make this image of the heart.
Describe other ways ultrasound is
used in medicine.

Summary

Self Check

Sound Waves
Sound waves are compressional waves produced by vibrations.
Sound travels fastest in solids and slowest in
gases.
Sound travels faster as the temperature of the
medium increases.
The energy carried by a sound wave increases
as its amplitude increases.
Loudness and Pitch
Loudness is the human perception of the
energy carried by a sound wave.
The pitch of a sound becomes higher as the
frequency of the sound increases.
The Doppler Effect and Diffraction
In the Doppler effect, the frequency of a
sound wave changes if the source of the
sound is moving relative to the listener.
Diffraction occurs when sound waves bend
around objects or spread out after passing
through an opening.

1. Describe how the loudness of a sound wave changes
when the amplitude of the wave is increased.
2. Explain how the wavelength of a sound wave affects the
diffraction of the sound wave through an open window.
3. Describe how echolocation could be used to measure
the distance to the bottom of a lake.
4. Discuss how the spacing of particles in a sound wave
changes as the amplitude of the wave decreases.
5. Describe how the wavelength of a sound wave changes
if the frequency of the wave increases.
6. Think Critically You hear the pitch of the sound from
an ambulance siren get lower, then get higher. Describe
the motion of the ambulance relative to you.

•
•
•
•
•
•
•
•

7. Calculate Distance Sound travels through water at a
speed of 1,483 m/s. Use the equation
distance ! speed " time
to calculate how far a sound wave in water will
travel in 5 s.

booko.msscience.com/self_check_quiz
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