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The Ear and Sound

 This animal, the fennec fox, has very large 
ears in order to hear prey from long distances. The six-inch-long ears enable 
the smallest sounds to be funneled into the ears. The fennec can hear large 
insects walking over sand. The large ears also help this desert fox stay cool in 
the heat—extra heat leaves the fox through the ears.

 Make a list of three questions you have about sound and 
how you perceive it.

Why are they Why are they soso big? big?

Sound is a wave that 
interacts with cells in your 
ear so you can hear noises.

LESSON 1
Sound

 Sound is a 
compression wave.

LESSON 2
The Ear and Hearing

 The ear 
detects sound waves 
that pass through the 
three parts of the ear 
and bend small hairs in 
the inner ear. 

5.g, 7.b

5.g, 7.b, 7.d, 7.e
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How many sounds 
can you make?

Almost everyone loves 
the sound of a bird’s song. 
Not everyone loves the 
sound of traffic, however.   
Procedure
1.  Write down ten sounds 

you like.

2.  Write down ten sounds you don’t like.

3.  Think of a loud sound and a quiet sound.

4. List five sounds that animals make.

5. Make a concept map or small poster to 
display your thoughts about sound.

Think About This
• Explain the differences between sounds 

you like and sounds you dislike. 

• Describe what you think causes the 
difference between loud and quiet sounds.

• Infer why animals make different sounds.

Visit        to:

▶ ▶ view

▶ ▶ explore Virtual Labs

▶ ▶ access content-related Web links

▶ ▶ take the Standards Check

 STEP 1 Fold  a sheet of paper in half 
lengthwise. Fold the top down about 2 cm 
from the top.

 STEP 2 Unfold  and draw lines along all 
folds. Label as shown.

Structure and 
Function Make the 
following Foldable to 
identify the structures of 
the ear and explain their 
functions.

Interpreting 
As you read this chapter, list the structures 
of the ear in the first column. Explain the 
function of each structure in the second 
column.

ca7.msscience.com

5.g, 7.e
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Learn It! When you make inferences, 
you draw conclusions that are not directly stated in the 
text. This means you “read between the lines.” You inter-
pret clues and draw upon prior knowledge. Authors rely 
on a reader’s ability to infer because all the details are not 
always given.

Practice It! Read the excerpt below and 
pay attention to highlighted words as you make infer-
ences. Use this Think-Through chart to help you make 
inferences.

Sound waves can reflect off 
hard surfaces, just like a 
light wave reflects off a shiny 
surface. A reflected sound 
wave is called an echo. The 
amount of time it takes an 
echo to bounce back depends 
on how far away the reflecting 
surface is. 

—from page 486

GetGet  ReadyReady  toto  ReadRead
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Make Inferences

Apply It! As you read this 
chapter, practice your skill at making infer-
ences by making connections and asking 
questions.

Text Question Inferences

Hard surfaces What kind of 
hard surfaces?

ice, mirrors, 
pavement

Reflected 
sound wave

How is it 
reflected?

Is it backward? Is 
it upside down?

Amount of 
time

How is it 
measured?

minutes, hours, 
seconds
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 1  Sounds made with greater energy have greater 
loudness.

 2 Sound travels in a wave pattern.

 3 Hearing damage is irreversible.

 4  A sound that measures 80 decibels is four times 
louder than a sound that measures 20 decibels.

 5 Mice are not able to hear normal human speech.

 6 Human hearing depends upon tiny hairs.

 7 The smallest bones in your body are in your ear.

 8 Hearing damage is caused by sounds over 70 decibels.

 9  Cats are able to find their way in the dark by listening 
for the echo of the high-pitched noises they make 
that humans cannot hear.

10   Although you cannot hear very low sounds, you can 
sense them as they pass through your body.

Before You Read
A or D

Statement After You Read
A or D

Sometimes you make infer-

ences by using other reading 

skills, such as questioning 

and predicting.

Target Your Reading
Use this to focus on the main ideas as you read the chapter.

1  Before you read the chapter, respond to the statements 
below on your worksheet or on a numbered sheet of paper.

• Write an A if you agree with the statement.

• Write a D if you disagree with the statement.

2  After you read the chapter, look back to this page to see if 
you’ve changed your mind about any of the statements.

• If any of your answers changed, explain why.

• Change any false statements into true statements.

• Use your revised statements as a study guide.

Print a worksheet of
this page at
 .ca7.msscience.com

http://ca7.msscience.com
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Sound 
Sound is a compression wave.

Real-World Reading Connection If you stop reading and 
pay attention to all of the sounds around you, you will probably 
hear many different noises. You might hear cars passing by on 
the street. You might hear voices speaking in another room. Per-
haps you will hear someone playing music nearby. There might 
be the hum of a computer or an air conditioner. 

What is sound? 
All of these noises are perceived by your ear as sound. These 

sounds travel like a ripple travels in water. Every sound has 
something in common with every other sound. Vibrations make 
all sounds, and all sounds are transmitted by waves. Have you 
ever played with a coiled-spring toy like the one in Figure 1? If 
you stretch it out and then give one end a little push, you create 
a section of coils that are more tightly spaced than the coils in 
the rest of the spring. You can watch as a region of compressed 
coils travels all the way to the other side of the spring. In the 
same way, sound waves compress the molecules through which 
they travel. These waves travel through a medium, the air, to be 
received by your ear.

What makes sounds?

Reading Guide

What You’ll Learn

▼ Describe the properties of 
sound waves.

▼ Explain what makes 
sounds loud or soft.

▼ Compare high and low 
sounds.

Why It’s Important
You can understand the 
differences between sounds.

Vocabulary
compression wave
loudness
amplitude
decibel scale
pitch 

Review Vocabulary
wavelength: the distance 
between any two peaks or 
troughs on a wave. (p. 427)

Figure 1 A compression wave passes 
through the coils of a coiled-spring toy.

  Science Content 
Standards

5.g Students know how to relate the 
structures of the eye and ear to their 
functions. 
7.b Use a variety of print and electronic 

resources (including the World Wide Web) to 
collect information and evidence as part of a 
research project.





Figure 2 Sound waves 
create regions of compression 
and regions of rarefaction 
between molecules. 

Describe the areas of compres-
sion and rarefaction in the image 
using your own words.
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Sound Waves 
In the last chapter, you learned that light is a wave. Recall that 

waves are disturbances that carry energy from one place to 
another place. Sound is also a wave. When you speak, the vocal 
cords in your throat vibrate. Your vocal cords move the air in your 
throat, and the vibrations continue as a wave through the air. The 
energy that moves one molecule of air is passed on to the next 
one. The wave moves through the air in your throat to the air sur-
rounding your body and beyond. In this way, energy is transferred 
from one place to another. 

Compression Waves Sound waves are called compression waves. 
In a compression wave, particles move back and forth in the same 
direction the sound wave moves. Figure 2 illustrates the molecules 
in a sound wave. In some places of the wave, the molecules are 
crowded closely together. These areas of high density and pressure 
are regions of compression. In between two regions of compres-
sion, the molecules are spread apart. This area of low density and 
pressure is a region of rarefaction. 

Wavelength and Frequency Like other waves, a sound wave has a 
wavelength and a frequency. The wavelength of a sound wave is 
the distance between the centers of two regions of compression or 
the distance between the centers of two regions of rarefaction, as 
shown in Figure 2. Just as for other waves, the frequency is the 
number of wavelengths that pass a certain point in one second. 
Recall that frequency is measured in hertz, which is symbolized 
Hz and represents 1/s. If a wave has a long wavelength, only a few 
wavelengths will pass a point in one second, so the wave will have 
a low frequency. An example of this would be the bass drum: the 
low notes it produces have a low frequency and a long wavelength 
and can be felt through your whole body.




Figure 3 The vibra-
tions of a speaker 
produce the sound that 
you hear when you are 
listening to music. When 
the speaker moves out-
ward, it pushes adja-
cent molecules closer 
together, creating a 
region of compression. 
When the speaker moves 
inward, the molecules 
in the air spread out, 
creating a region of 
rarefaction.
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Vibration 
Have you ever put your hand on a stereo speaker? If so, you 

probably felt it vibrating. When an object vibrates, it puts pressure 
on the surrounding molecules. As the speaker moves outward, as 
in Figure 3, it pushes molecules together and creates a region of 
compression. When it moves inward, it creates a region of rarefac-
tion, also shown in Figure 3. As the speaker continues to vibrate, a 
series of compressions and rarefactions forms. The compressions 
and rarefactions move away from the speaker in all directions, cre-
ating a sound wave.

What creates a sound wave?

Playing in Tune
What does it sound like when you play a musical instrument, 

such as a violin, that is properly tuned? It probably sounds rich 
and full. When you play middle C on a violin that has been prop-
erly tuned, the string vibrates in a certain pattern that makes the 
note middle C. However, the vibration of the string is too complex 
to produce just one note at a time. It also produces vibrations that 
match middle C in the same way that some notes on a scale match 
each other. This creates a rich sound that you expect from the 
violin. 

What does it sound like when you play a violin that is out of 
tune? It probably doesn’t sound very good. If the primary note, 
such as middle C, is not quite right, the other vibrations that 
would normally match it do not blend together. Because the 
sounds are not organized, this can be considered noise.

 Figure 3 Using the guideline of this figure, choose a 
musical instrument and draw how the air molecules 
move when the instrument is played.

ACADEMIC VOCABULARY
complex (kahm PLECKS)
(adjective) complicated in 
structure; consisting of inter-
connected parts
The complex road system in 
the city made it difficult to find 
the zoo. 




Figure 4 The 
amplitude of a sound 
wave depends on how 
spread out the particles 
are in the wave.
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How loud is it?  
You’ve probably listened to music and had someone say to you, 

“Your music is too loud. I can’t hear myself think!” You’ve also 
probably whispered in your quietest voice to a friend and had a 
teacher say, “Do you want to share that with the group?” What 
is the difference between a loud noise and a quiet noise? 

Amplitude and Loudness 
Loud sound waves generally carry more energy than soft sound 

waves do. Loudness is a person’s perception of how much energy 
a sound wave carries. Because of the structure of the ear, not 
all sound waves with the same energy have the same loudness. 
Humans hear sounds with frequencies between 3,000 Hz and 
4,000 Hz as louder than other sound waves with the same 
energy. 

Loudness is measured in units called phons. Two sounds of dif-
ferent frequencies produced with different amounts of power will 
not sound equally loud. Nor will two sounds produced with the 
same power at different frequencies sound equally loud. The 
phon takes both frequency and power into account to measure 
loudness.

The amount of energy a wave carries depends on its amplitude. 
For a sound wave, amplitude (AM plih tood) depends on how 
spread out the molecules in the regions of compression and rar-
efaction are, as shown in Figure 4. If a sound wave has compres-
sions with molecules that are packed tightly together and 
rarefactions with molecules that are spaced widely apart, it has a 
large amplitude. The object that created the wave transferred a lot 
of energy to the molecules to force them tightly together or to 
spread them far apart. Sound waves with greater amplitudes carry 
more energy and sound louder. Sound waves with smaller ampli-
tudes carry less energy and sound quieter.

WORD ORIGIN
amplitude
 from Latin amplitudinem; 
means wide extent, width
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The Decibel Scale 
Your perception of the amount of energy in a 

sound wave is measured on the decibel (DES uh 
bel) scale, as shown in Figure 5. The symbol for 
a decibel is dB. Because humans can hear 
sounds over a large range, the decibel scale is 
based on powers of 10. For example, a sound of 
0 decibels is the quietest sound that humans can 
hear. A sound of 10 decibels has ten times more 
energy than a sound of 0 dB. A sound that is 20 
dB has 100 times more energy. A sound that is 
30 dB has 1,000 times more energy.

 
Why is a 20-dB sound not twice as 
loud as a 10-dB sound?

Decibels that Damage Damage to a person’s 
hearing can begin with sounds of about 85 dB. 
The type of damage depends on the loudness of 
the sound and the length of time that a person 
is exposed to the sound. For example, listening 
to an 85-dB sound for more than eight hours 
can cause hearing damage. Some everyday 
sounds that are about 85 dB include garbage 
disposals, lawn mowers, heavy traffic, and noisy 
restaurants. Listening to a 110-dB sound for just 
a minute and a half can cause hearing damage. 
A car horn, a video arcade, a power saw, and a 
crying baby all produce sounds of about 110 dB. 

Hearing Protection How do you protect your 
hearing?  You should wear earplugs or hearing 
protectors at concerts or when around loud 
machinery. Workplaces have laws about how 
long their employees can be exposed to noises 
between 90 and 115 decibels. Noises above 140 
decibels are illegal for worker exposure. Because 
of the way the decibel scale is constructed, 
sounds do not add as you might expect. If three 
people are holding a conversation and suddenly 
start talking at once, one at 60 dB, another at 
65 dB, and the third at 70 dB, how loud do 
you think it will seem? It actually adds to only 
71.5 dB, not much greater than the third person 
talking alone. However, the effect of three peo-
ple talking at once is still greater than one per-
son alone.

Figure 5 The energy that a sound wave carries 
is measured on the decibel scale.

Describe how a 20-dB sound is different than an 70-dB 
sound.

WORD ORIGIN
decibel
 from Latin decibus; means 
tenth

SCIENCE USE V. COMMON USE 
scale
Science Use a graduated series 
or scheme of rank and order. 
Water boils at 100° on the Cel-
sius scale.
Common Use an instrument 
used to weigh objects. You can 
use a bathroom scale to 
determine your weight.
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Frequency and Pitch
Have you ever been in a car when the driver 

revved the engine? It makes a higher sound 
than when the car is idling, because the engine 
shaft completes more revolutions per minute. 
Recall that the frequency of a sound is mea-
sured by the number of cycles the object caus-
ing the sound completes per second. The faster 
it moves, the higher the frequency is. Pitch 
corresponds to the frequency of the sound. 
The pitch of a sound is how high or how low it 
is. The higher the pitch is, the higher the fre-
quency is. The words pitch and frequency often 
mean the same.

The human ear can detect sound waves 
with frequencies between about 64 Hz and 
23,000 Hz, shown in Table 1. Some animals 
can hear sounds with even higher frequencies. 
For example, when a trainer blows a dog whis-
tle, you do not hear anything, but a dog will 
respond. Dog whistles have frequencies that are 
higher than the human ear can detect. Other 
animals that can detect high-frequency sound 
waves include bats, whales, and dolphins.

Table 1 Range of Hearing

Species Scale Approximate 
Range (Hz) 

Human 64–23,000

Cat 45–64,000 

Mouse 1,000–91,000 

Bat 2,000–110,000 

Beluga 
whale 1,000–123,000

Elephant 16–12,000 

Porpoise 75–150,000

Tree frog 50–4,000 

5.g, 7.b

MA7: AF 1.5, MR 2.5

How loud and how 
low can you go?

Sound is described by its frequency or 
pitch and by its amplitude. Small children 
have high-pitched, or high-frequency, 
voices. Infrasound is sound that has 
extremely low frequency. Humans cannot 
hear these sounds, but if they are very 
loud, that is, having a high amplitude, then 
we can feel them. Elephants, tigers, 
giraffes, and some other animals 
communicate in this low-frequency sound 
range. Sounds with frequencies that are 
too high for humans to hear are called 
ultrasound. Bats and some other animals 
use ultrasound for echolocation, to map 
their surroundings.

Data Collection 
Visit ca7.msscience.com to find 
amplitudes and frequencies of various 
sounds.  

Data Analysis 
1. Create a large graph on chart paper and 

attach it to a wall. Put frequency in 
hertz along the x-axis. Put amplitude in 
decibels along the y-axis. 

2. Plot data points by writing about the 
sounds on cue cards and pin the cards 
at the correct location of frequency 
and amplitude on the graph.

������������
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What have you learned?
Sound travels by compression waves composed of high- and 

low-density regions. Vibrations cause these waves by moving mole-
cules closer together and then farther apart. The loudness of a 
sound wave depends partly upon the amplitude and partly upon 
the frequency of the sound wave. Your perception of the loudness 
of a sound is measured on the decibel scale. The pitch of a sound, 
how high or low it is, depends upon the frequency of the sound.

Science nline
For more practice, visit Standards 
Check at  .

Summarize
Create your own lesson 
summary as you design a 
visual aid.

1. Write the lesson title, 
number, and page num-
bers at the top of your 
poster. 

2. Scan the lesson to find 
the red main headings. 
Organize these headings 
on your poster, leaving 
space between each.

3. Design an information 
box beneath each red 
heading. In the box, list 
2–3 details, key terms, 
and definitions from each 
blue subheading.

4. Illustrate your poster with 
diagrams of important 
structures or processes 
next to each information 
box.

ca7.msscience.com

Standards Check

Using Vocabulary

1. Describe a compression 
wave. 5.g

2. The      is used to mea-
sure the loudness of a sound.
 5.g

Understanding Main Ideas

3. Give an example of a sound 
that has a lower frequency 
than a siren on a fire 
engine. 5.g

4. Discuss how the spacing of 
molecules in a sound wave 
changes if the amplitude of 
the wave decreases. 5.g

5. Compare and contrast 
frequency and pitch. 5.g

Frequency Pitch

6. Which is the difference 
between amplitude and 
loudness?

A. Amplitude is how a person 
perceives it; loudness is the 
amount of energy a wave 
carries. 5.g

B. Amplitude is how big a 
wave is, loudness is the 
amount of sound a wave 
carries.

C. Amplitude is the amount of 
energy a wave carries; loud-
ness is how a person per-
ceives it.

D. Amplitude is the amount of 
sound a wave carries; loud-
ness is how big a wave is.

Applying Science

7. Calculate how long it will 
take for a sound wave to pass 
through a window if the speed 
of sound through glass is 
5,640 m/s and the window is 
1-cm thick. Use the following 
equation: time � distance/
speed. 5.g

ELA7: W 2.5

http://ca7.msscience.com
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City Noise and Bar Graphs
Scientists survey groups of people to find out how they are affected 
by noise in their neighborhood. The following double-bar graph 
shows the percentages of noise complaints made in New York City 
and in the United States in general.

Example
Which group heard the same amount of noise complaints for both 
New York City and the United States?

What you know:
• On the graph, compare the bars for New York City and the 

United States in the same reporting group.

What you need to find:
• Which reporting group has the same value for the United States 

and New York City?

Answer: 14 percent of the people in both New York City and 
the United States reported their noise complaint to the police 
department.

Practice Problems
1.  According to the graph, which group received the highest 

percentage of complaints in the United States?

2.  According to the graph, which group received the lowest 
percentage of complaints in New York City?

5.g

MA7: SDP 1.1

Science nline
For more math practice, 
visit Math Practice at 
ca7.msscience.com.

http://ca7.msscience.com
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Figure 6 Your ear detects sound in a way similar to 
electronic devices that record sounds.
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Reading Guide

What You’ll Learn

▼ Describe the parts of 
the ear.

▼ Explain how the ear 
detects sound.

Why It’s Important
You can better protect your 
ears if you understand how 
they work.

Vocabulary
external ear
auditory canal
tympanic membrane
malleus
incus
stapes
cochlea
echo

Review Vocabulary
cartilage: a strong, flexible 
tissue made of collagen that 
gives shape to parts of your 
body (p. 361)

The Ear and Hearing
The ear detects sound waves that pass through 

the three parts of the ear and bend small hairs in the inner ear. 

Real-World Reading Connection You may have used a tape 
recorder to record sounds. Have you ever thought about how a 
tape recorder works? In some ways it is similar to your ear, as 
Figure 6 shows.

Functions of  the Ear
The outer part of your ear collects sound waves. The micro-

phone connected to a tape recorder serves a similar purpose. 
Your middle ear passes the sound waves you hear to your inner 
ear. Similarly, sound waves in digitized form are passed through 
some wires to the inside of the tape recorder. Finally, your inner 
ear processes the sound waves into electrical impulses so that 
your brain can interpret what you hear. A tape recorder records 
sounds on tape so that they can be played back at a future date.

 
Trace the path of a sound from your outer ear to 
your brain. How does it change as it moves along?

  Science Content 
Standards

5.g Students know how to relate the 
structures of the eye and ear to their 
functions. 
7.b Use a variety of print and electronic 

resources (including the World Wide Web) to 
collect information and evidence as part of a 
research project. 
7.d Construct scale models, maps, and 

appropriately labeled diagrams to 
communicate scientific knowledge (e.g., 
motion of Earth’s plates and cell structure). 
7.e Communicate the steps and results 

from an investigation in written reports and 
oral presentations
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Figure 7 The ear has 
three parts: the outer ear, 
the middle ear, and the 
inner ear.
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Structures of  the Ear 
The human ear is made up of the outer ear, the middle ear, and 

the inner ear, as shown in Figure 7. The outer ear includes the 
external ear and the auditory canal; it collects sound waves and 
transfers them to the middle ear. The middle ear contains the ear-
drum and three tiny bones that conduct sounds to the inner ear. 
The inner ear contains intricate structures that detect different 
frequencies of sounds and sends signals to the brain.

 Figure 7 Compare the size of the outer, middle, and 
inner ear.

The Outer Ear 
If someone asked you where your ears are, you would probably 

point to the visible parts on either side of your head. Technically, 
these are the external ears, and they are just one part of the outer 
ear. The external ear is made up of folds of cartilage and skin. 
These folds adjust the sound waves that enter your ear to help the 
brain interpret the origin of the sound waves.

The other part of the outer ear is called the auditory canal. The 
auditory canal is the part of your ear that collects sound waves 
from the external ear and passes them to the middle ear. You can 
easily find the beginning of the auditory canal. It is the opening in 
your ear that leads into your middle ear. 

ACADEMIC VOCABULARY
external (eks TUR null)
(adjective) located outside or 
beyond some limits or surface
The external features of the 
car—the red and silver colors—
were what led us to buy it.
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The Middle Ear 
You have probably heard someone say, “Don’t listen to such loud 

music or you’ll burst your eardrums.” But what exactly are the 
eardrums? As shown in Figure 8, the first part of the middle ear 
that sound waves reach is called the tympanic membrane, more 
commonly called the eardrum. It is a thin layer of skin that 
vibrates when sound waves hit it. 

The vibrations of the tympanic membrane cause three tiny 
bones to transmit sound waves through the middle ear to the 
inner ear, as shown in Figure 8. These bones are known by their 
Latin names: the malleus (MAYL ee us), also called the hammer; 
the incus, also called the anvil; and the stapes (STAH pehs), also 
called the stirrup. Two small muscles control the tension on the 
eardrum and the bones of the middle ear. By changing the tension, 
these muscles can help protect the eardrum from large vibrations 
that come from loud sounds. 

The malleus, the incus, and the stapes rest in a fluid-filled vessel 
called the eustachian (you STAY shun) tube. The eustachian tube 
connects the middle ear to the throat. When you swallow, the 
pressure is adjusted in your eustachian tube and in your middle 
ear. This is why it helps to chew gum and swallow or to yawn 
when the pressure changes on airplanes or in elevators.

What helps prevent injury to the eardrum?

WORD ORIGIN
membrane
 from Latin membrum; means 
member of the body

Figure 8 The middle ear consists of the tympanic 
membrane, the malleus, the incus, and the stapes. 
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The Inner Ear
If you have ever walked through a maze in a 

cornfield, a cathedral, an amusement park, or 
a formal garden, you know that a maze is full 
of twists and turns. Another name for a maze 
is a labyrinth. The inner ear is full of struc-
tures with so many twists and turns that it is 
also called a labyrinth. All the twists and turns 
in the inner ear allow many sensory cells to be 
packed into a small space.

When the bones of the middle ear move, 
they transfer vibrations from the tympanic 
membrane to the inner ear by way of a mem-
brane called the oval window. The oval win-
dow then passes the vibration on to the fluid 
in the cochlea. The cochlea, shown in Figure 9, 
is a snail-shaped structure. The cochlea 
(KOH klee uh) is lined with sensory cells. 
These cells sense different frequencies of 
sound. Figure 10 shows a diagram of what the 
cochlea would look like if it were unwound. 
The sensory cells closest to the middle ear 
sense high-frequency sound waves. The sen-
sory cells farther from the middle ear sense 
low-frequency sound waves. 

WORD ORIGIN
cochlea
 from Greek kokhlos; means 
spiral shell

Figure 9 The cochlea is the part of the 
inner ear that looks like a snail.

Figure 10 If you could unwind the cochlea, the sensory cells that 
detect high-frequency sounds would be closer to the inner ear.

Identify where the sensory cells are located that detect low 
frequency sounds.
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Sensing Sound 
When you smell or taste something, the signals that are sent to 

your brain come from chemical changes in your cells. Sound is 
different. When you hear something, it is because of a movement. 
As shown in Figure 11, all of the sensory cells in the cochlea have 
little hairs sticking out of them. When a vibration hits the hairs, 
they bend. The cells react to the bent hairs by sending a signal to 
the brain. 

Hearing in Humans
Remember that a sound wave is a compression wave. When a 

sound wave hits the tympanic membrane, it causes a vibration. 
The vibration is passed to the three tiny bones in your inner ear. 
The last of these bones, the stapes, vibrates against a part of the 
cochlea called the oval window. The oval window then passes the 
vibration on to the fluid in the cochlea. 

The vibration of the fluid in the cochlea bends the hairs in the 
sensory cells. When the hairs bend, a signal is sent to the brain. 
The brain can tell the frequency of the sound wave by determining 
the location of the bent hairs. The brain can also determine the 
loudness of a sound. The further a hair is deflected, the louder the 
brain recognizes the sound to be. 

What causes the hairs of the sensory cells to deflect?

Figure 11 When vibrations bend hairs on sensory cells in the 
cochlea, they send signals to the brain. Scientists have added false 
color to this photograph to study whether hairs can be regrown in 
the cochlea of people who have hearing damage.

������������	�
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Hearing Damage 
Hearing damage can occur in almost any part of the ear. If 

something happens to prevent sound from being transmitted 
through the outer and middle ear, conductive hearing loss occurs.

Effect on Ear Structures 
Conductive hearing loss is often caused by colds or allergies that 

cause a temporary buildup of fluid in the middle ear. This can lead 
to an infection that puts pressure on the eardrum. When the ear-
drum does not vibrate properly, vibrations are not passed to the 
cochlea correctly, so a person cannot hear clearly.

Damage to the cochlea can occur because of aging or from 
exposure to loud noises. When the hairs on the sensory cells in the 
cochlea are bent for too long or too much, they can become dam-
aged. This can happen to musicians who spend a lot of time per-
forming at loud concerts, to people who ride motorcycles, or to 
people who work around loud machinery. Damage to the cochlea 
is called sensorineural hearing loss. 

Correcting Hearing Damage 
Conductive hearing loss can usually be treated. If fluid as a 

result of infection has accumulated in the middle ear, medicines 
can clear up the infection. Once the problem is corrected, hearing 
usually returns to normal.

Sensorineural hearing loss is permanent. It can be corrected 
only with hearing aids or other devices that increase the ability to 
hear. People who have badly damaged inner ears can have cochlear 
implants surgically inserted in their ears, as shown in Figure 12. A 
person with a cochlear implant hears differently from people with 
normal cochlea, but the implant allows for full communication.

Figure 12 Cochlear 
implants allow people 
with severe damage to 
their inner ears to detect 
human speech and other 
sounds so they can 
communicate normally.

Determine which parts of 
the cochlear implant transmit 
vibrations instead of the ear.




Figure 13 Many mammals move 
their external ears to better collect 
sounds.

Identify animals you have seen live or 
on television that adjust their external 
ears to sense sounds better.

Hearing in Other Mammals 
Most mammals use a system for hearing that is similar to the 

hearing system of humans. However, some mammals possess 
qualities that allow them to hear certain sounds better than 
humans can.

Redirecting Sound
Have you ever watched a dog or a cat move its ears around? 

You might have noticed that these animals rotate their ears very 
often, especially when they are tracking or hunting. As shown in 
Figure 13, some mammals use their external ears to redirect sound 
into their auditory canals. This helps them to determine the direc-
tion from which the sound is coming and also can help them to 
detect faint sounds, giving them the ability to hear predators and 
prey easily.

 How does the shape of the bat’s outer ear differ from 
the shape of a human’s outer ear?

Echolocation
Sound waves can reflect off hard surfaces, just as a light wave 

reflects off a shiny surface. A reflected sound wave is called an 
echo. The amount of time it takes an echo to bounce back depends 
on how far away the reflecting surface is. 

Some mammals use a method called echolocation, shown in 
Figure 14, to navigate and hunt. Bats, for example, make high-
frequency calls and then listen for the echoes. When a bat hears 
an echo, it can determine the position and identity of objects in its 
path. Dolphins and whales also use echolocation. By making clicks 
that bounce off objects in the ocean, they are able to navigate.

 
Name two ways certain mammals can use their ears 
and their hearing that humans cannot.

486 Chapter 12
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Visualizing Echolocation
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Figure 14
 Many bats emit ultrasonic—very high fre-
quency—sounds. The sound waves bounce 
off objects, and bats locate prey by returning 
echoes. Known as echolocation, this tech-
nique is also used by dolphins, which produce 
clicking sounds as they hunt. The diagrams 
below show how a bat uses echolocation to 
capture a flying insect.

A  Sound waves from a bat’s ultrasonic cries 
spread out in front of it.

B  Some of the waves strike a moth and 
bounce back to the bat.

C  The bat determines the moth’s location by 
continuing to emit cries, then changes its course 
to catch the moth.

D  By emitting a continuous stream of ultra-
sonic cries, the bat homes is on the moth and 
captures its prey.

Contributed by National Geographic
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The Human Ear
The human ear is made up of many tiny parts that work 

together to interpret sound waves for the brain. Sound is con-
ducted through tiny bones and fluid-filled chambers, where the 
deflection of tiny hairs determines the type of sound a person 
hears. Human hearing can be temporarily or permanently dam-
aged by illness or injury to the ears. Treatments can restore perma-
nent hearing loss only partially, so it is important to avoid damage 
to begin with. 

Some animals are able to move their outer ears to better collect 
sound, and other animals are able to determine the position of 
objects by the reflection of the sounds the animals make.

Science nline
For more practice, visit Standards 
Check at  .

Summarize
Create your own lesson 
summary as you design a 
study web.

1. Write the lesson title, 
number, and page num-
bers at the top of a sheet 
of paper. 

2. Scan the lesson to find 
the red main headings.

3. Organize these headings 
clockwise on branches 
around the lesson title.

4. Review the information 
under each red heading 
to design a branch for 
each blue subheading.

5. List 2–3 details, key terms, 
and definitions from each 
blue subheading on 
branches extending 
from the main heading 
branches.

ca7.msscience.com

Standards Check

Using Vocabulary

1. Diagram the inner, middle, 
and outer ear. Label the exter-
nal ear, the auditory canal, the 
tympanic membrane, the 
bones of the middle ear, and 
the cochlea.  5.g

2. Describe the function of the 
middle ear. 5.g

Understanding Main Ideas

3. Infer why rabbits have such 
long ears. 5.g

4. Discuss how the inner ear 
senses sound waves. 5.g

5. The least amount of hearing 
loss would occur with damage 
to the 

A. outer ear

B. cochlea

C. stapes

D. oval window 5.g

6. Sequence Draw a graphic 
organizer like the one below 
about the movement of a 
sound beginning with the 
vibration of an object and 
ending with the brain process-
ing the sound. 5.g

Applying Science

7. Design A cochlear implant is 
made of human-made parts. 
If you were designing some-
thing that would take the 
place of a cochlea, what kinds 
of materials would you use, 
and why? 5.g

8. Hypothesize If scuba divers 
come to the surface too 
quickly they can rupture their 
eardrums. How would this 
affect their hearing?  5.g

ELA7: W 2.5
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How does an ear hear?
Alexander Graham Bell invented an ear model 
to study sound. You too can make a mechani-
cal ear and watch it work.

Procedure 
1. Read and complete a lab safety form.

2. Stretch a piece of plastic wrap across the 
end of a long paper roll (such as the core of 
a roll of paper towels or gift wrap) and fas-
ten it with an elastic band.

3. What do the bones of your inner ear look like? Design these 
using thin cardboard and attach them in the tube with tape 
to model the bones in your ear. 

4. Attach a disk of shiny foil to one end of the roll. Attach 
another shiny disk of foil to the plastic-wrap “eardrum” on the 
tube. This will complete the middle ear.

5. Make an outer ear from a cone of cardboard with a hole at its 
end. Place it on the inside of the tube. 

6. Place the middle of the model of the ear on a box, leaving the 
ends of the rolls hanging off the front and back.

7. Shine a light onto the shiny foil disk. Ask a partner to talk into 
the ear. Watch for vibrations as he or she does so.

8. Try out different sounds. Record your observations.

Analysis 
1. Draw  your model of an ear and draw a model of a human ear. 

Match up the parts.

2. Evaluate your model of an ear. How is it like a human ear? 
How is it different? How could you improve the model?

 
Science Content Standards

5.g  Students know how to relate the structures of the eye and ear to their functions. 
7.d  Construct scale models, maps, and appropriately labeled diagrams to communicate scientific 

knowledge (e.g., motion of Earth’s plates and cell structure).
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 Animal hearing

Animal Method of 
Hearing

Special 
Adaptions

Benefit of 
this Type of 
Hearing

 

Use the Internet:
Animal Hearing

Materials
computer with
 internet access
pen or pencil
paper
poster

  Science Content 
Standards

5.g Students know how to relate the 
structures of the eye and ear to their 
function. 
7.b Use a variety of print and electronic 

resources (including the World Wide Web) 
to collect information and evidence as part 
of a research project. 
7.e Communicate the steps and results 

from an investigation in written reports 
and oral presentations.

Problem
Cats can identify the size and location of a mouse in the grass by 
listening to the sounds it makes. Cats have much better hearing 
than do humans. Sharks can hear sounds in the water up to a kilo-
meter away. How do animals hear? There are many different adap-
tations and ways that animals receive sound.

Form a Hypothesis 
Form a hypothesis about why different animals hear in different 
ways. Think about protection, hunting, mating, and communica-
tion with other members of their own species.

Collect Data and Make Observations 

1. Brainstorm a concept web containing categories of informa-
tion about animal hearing.

2. Visit ca7.msscience.com to research information about animal 
hearing to fit the various categories of your concept web. Con-
sider the Analyze and Conclude questions as you research. 

3. Make a table of your research to help you stay organized.
4.  Compare your research to that of your classmates. Did they 

discover something that you did not? Are there animals that 
they researched that you did not?

5. Create a large concept-web poster to display the class 
information. 
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Analyze and Conclude

1. Identify  adaptations that certain animals have to give them 
excellent hearing.

2. Research  whether the size of an animal’s ears affects its 
hearing and why.

3. Define  echolocation.
4. Identify  animals that can hear the highest pitches of sound. 

Which animals hear the lowest pitches?
5. Identify  some functions of animal hearing.
6. Explain  how animals hear under water.
7. Identify  differences among different types of animal hear-

ing. What are some similarities? Can you group animals 
according to the types of hearing that they have?

8. Identify  things that humans have learned about communi-
cation and sound by studying animals.

9. Identify  issues that you have become interested in as a 
result of your research on this project and that you would 
like to continue to research.

Communicate

Create a three- to six-page report using your 
research. Use headings to organize your report. 
Your report can have headings based on the 
topics you brainstormed in the Analyze and 
Conclude questions, such as ear size, adapta-
tions, and underwater hearing. Include a 
concept web on the front page as a table 
of contents for your report.
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Would you like to help children who have hearing 
impairments? A language, speech, and hearing 
specialist teaches students who have trouble hear-
ing, speaking, or understanding speech to commu-
nicate better. These specialists involve the student, 
guardians, and school staff in the therapy. You will 
need to take science and education classes in high 
school and college and consider a masters degree.

Become a Speech Therapist

Cochlear Implants
A cochlear implant can allow people who are deaf or 
hard of hearing to be able to interpret the sounds 
they hear. It does not amplify the sounds, but it takes 
them in and sends electronic signals to the brain, 
which the person can learn to interpret. Pathways 
associated with hearing are laid early in life, so 
children and adults who have lost their hearing later 
are the best candidates for the implants.

Visit TechnologyTechnology at ca7.msscience.com to 
learn more about cochlear implants. Pretend 
you are training a person who has just received 
a cochlear implant. Write a dialogue that 
addresses three problems these patients 
experience. How do you address these problems 
and how does the person react?

Visit CareersCareers at ca7.msscience.com to find 
out more about what a speech therapist does. 
Write a paragraph about how speech therapists 
help students. Mention five different places 
where the work of this specialist might be 
needed.

(t)Eliseo Fernandez/Reuters/CORBIS, (b)George Steinmetz/CORBIS

http://ca7.msscience.com
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Good Vibrations
Have you ever heard of playing an instrument you 
don’t have to touch? In 1917, Russian musician/
engineer Leon Termin invented an instrument that 
uses the space between it and the body of the 
performer to alter the pitch and loudness of the 
tone produced. It was used for background noises 
in “space alien” movies of the 1940s–1960s. The 
design and concept influenced people who 
developed synthesizers and electronic music.

Noise Pollution
Many municipalities have laws that ban noises of certain 
types, at certain times, or above a certain loudness. Loud 
noise can disturb thoughts, concentration, and sleep. It can 
cause a loss of income for businesses and a decline in 
property value for homeowners. In some instances, loud 
noise can contribute to hearing damage.

Visit HistoryHistory at ca7.msscience.com to find out 
more about the theremin. Pretend you are at 
a theremin concert. What sort of pieces are 
played? What sort of sounds do you hear? Who 
is performing? Write a 300- to 500-word essay 
that reviews the event and explains how it is 
different from a usual concert.

Visit SocietySociety at ca7.msscience.com to read California’s 
laws on noise. Try to find the laws for your municipality, 
if any. If a neighbor plays his stereo loudly all the time 
and makes it hard for you to study, what could you do?

(t)Pixtal/SuperStock, (b)The Daily Progress/Andrew Shurtleff/AP/Wide World Photo
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Interactive Tutor 

Sound is a wave that interacts with cells in your ear so you can hear noises.

ca7.msscience.com

Standards Study Guide

Lesson 1 Sound

 Sound is a compression wave.
• Sound is a compression wave.

• Vibrations create sound waves.

• Loudness is a person’s ability to judge how much energy a sound wave 
carries.

• The decibel scale is used to measure the amount of energy in a sound wave.

• A sound with a high pitch has a high frequency.

• amplitude  (p. 475)
• compression wave  (p. 473)
• decibel scale  (p. 476)
• loudness  (p. 475)
• pitch  (p. 477)

Lesson 2 The Ear and Hearing

 The ear detects sound waves that pass through the 
three parts of the ear and bend small hairs in the inner ear. 
• The outer ear includes the external ear and the auditory canal.

• The middle ear conducts vibrations to the inner ear.

• The labyrinth, or cochlea, in the inner ear contains sensory cells that send 
signals to the brain.

• The sensory cells in the cochlea contain hairs that bend when sounds of 
different frequencies hit them.

• Some mammals use their external ear to redirect sounds.

• Bats, dolphins, and whales use echolocation to navigate and hunt.

• Damage to any of the structures in the ear can cause hearing loss.

• Hearing damage to the middle ear is usually treated with medicine. Damage 
to the inner ear requires hearing aids or cochlear implants.

• auditory canal  (p. 481)
• cochlea  (p. 483)
• echo  (p. 486)
• external ear  (p. 481)
• incus  (p. 482)
• malleus  (p. 482)
• stapes  (p. 482)
• tympanic membrane  (p. 482)

5.g, 7.b, 7.d, 7.e

Download quizzes, key 
terms, and flash cards from 
ca7.msscience.com.

5.g, 7.b

http://ca7.msscience.com
http://ca7.msscience.com
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Using Vocabulary
Fill in the blanks with the correct vocabulary word or words.

11. The loudness of a sound wave is measured on the     . 

12. The      separates the outer and middle ear.

13. If a wave has regions of      that are very tightly packed together, this 
means the wave carries a lot of energy.

14. Hairs on cells in the      bend when they are hit by sound waves.

15. Horses can easily move their     , but humans cannot.

16. Bats use      to hunt for prey.

Linking Vocabulary and Main Ideas
Use the vocabulary terms from page 494 to complete this concept map.

Hearing

Ear
deals with

Outer ear

Sound

is a

energy measured by

made up of

1. 

frequency

2. 7. 

8. 

9. 4.  

3. 

Inner ear

Middle ear

contains

containscontains

5. 10. 

contains

6. 

Standards Review

Visit ca7.msscience.com for:
 ▶  ▶ Vocabulary PuzzleMaker
 ▶  ▶ Vocabulary eFlashcards
 ▶  ▶ Multilingual Glossary

http://ca7.msscience.com
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Standards Review 

Standards Review

ca7.msscience.com

Understanding Main Ideas
Choose the word or phrase that best answers the 
question.

 1. If these sound waves are traveling at the same 
speed, which one has a higher frequency?

A. the top wave
B. the bottom wave
C. It is impossible to tell from the diagram.
D. Both waves have the same frequency. 5.g

2. Which property of waves is not related to how 
much energy they carry?
A. amplitude
B. loudness 
C. pitch
D. the number of decibels it measures 5.g

3. To what part of a sound wave is the arrow 
pointing? 

A. a region of compression
B. a region of rarefaction
C. a wavelength
D. a decibel 5.g

4. Which property of a sound wave changes as its 
energy decreases?
A. wavelength
B. frequency
C. pitch
D. amplitude 5.g

5. Which is not a bone in the middle ear?
A. stapes
B. incus
C. cochlea
D. malleus 5.g

6. What part of the ear is most important 
for collecting sound waves from the 
environment?
A. eustachian tube
B. sensory cells 
C. tympanic membrane
D. external ear 5.g

7. What is a purpose of echolocation?
A. navigation
B. building a shelter
C. camouflage 
D. fighting disease 5.g

8. To what part of the ear is the arrow pointing? 

A. tympanic membrane
B. auditory canal
C. cochlea
D. sensory cell 5.g

http://ca7.msscience.com
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Applying Science
 9. Imagine you have an instrument that measures 

sound in decibels. A sound registers as 50 dB. 
What kind of sound might it be? Would it be 
something like the sound of a page of this book 
turning or more like the sound of a door slam-
ming shut?  5.g

10. Explain how air molecules are affected when the 
amplitude of a sound wave decreases as it moves 
farther from the source that created it.  5.g

11. Explain how bats use sound waves for 
hunting.  5.g

12. Compare and contrast  conductive hearing loss 
and sensorineural hearing loss. 5.g

Use the figure below for question 13.

13. Describe the function of the three labeled bones 
in the diagram below. 5.g

14. Explain how a train engine bumping into a line 
of railroad cars resting on a track is similar to a 
sound wave. 5.g

15. Explain how two sounds affect your ears when 
one is 30 dB and the other is 60 dB. Both have a 
frequency of 15,000 Hz. 5.g

16. Infer how earplugs change the sound waves that 
a person hears. People who are exposed to loud 
noises, such as airplane mechanics and musi-
cians, often wear earplugs.  5.g

17. Some cities and townships have laws banning 
loud noise in certain areas or during certain 
times. Research noise pollution laws in your area 
and write a persuasive argument for or against 
the established regulations. If no such laws exist, 
propose something appropriate for your area.
  ELA7: W 2.4

Cumulative Review 
18. Compare and contrast the path and processing 

of a sound wave in the ear and a light wave in 
the eye. 6.c

19. Compare and contrast the geological time scale 
to the decibel scale. What does each measure? 
What units are used for each and how do these 
change with the scale? 4.g

20. Recall how pressure is important in the cardio-
pulmonary system. How is pressure also impor-
tant in the inner ear? 6.j

Applying Math

Use the graph on page 479 to answer questions 
21 through 23.

21. According to the graph, which group received 
the highest percentage of complaints in NYC?
 MA7: SP 1.1

22. In NYC, approximately how many times 
more people complained to their neighbors 
than complained to the government help line?
 MA7: SP 1.1

23. How many groups received less than 
10 percent of noise complaints in the USA?
 MA7: SP 1.1
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Standards Assessment 

Standards Assessment

Use the table below for questions 1 and 2.

Decibel Scale

Sound Source Loudness (dB)

Jet plane taking off 150

Running lawn 

mower

100

Average home 50

Whisper 15

1  The table above shows typical sound intensity 
values on a decibel scale. Which of the follow-
ing would you expect to be the approximate 
sound intensity of a noisy restaurant?

A 20 dB 

B 40 dB 

C 80 dB

D 120 dB 5.g

2  What sound intensity level would you expect to 
be painful to most humans?

A 30 dB 

B 60 dB 

C 90 dB

D 120 dB 5.g

3  What is the maximum range of sound frequen-
cies that humans can hear?

A 0–150 Hz 

B 0–200 Hz 

C 20–5000 Hz

D 20–20,000 Hz 5.g

4  If the intensity of a sound increases by 20 dB, by 
what factor is the energy carried by the sound 
wave increased?

A 2 times

B 20 times

C 100 times

D 200 times 5.g

5  A person produces sound by clapping cymbals 
together. Describe how you hear the sound the 
cymbals produce.

A cymbals→inner ear→middle ear→outer ear
→brain

B cymbals→outer ear→middle ear→inner ear
→brain

C cymbals→vibrations from the ground
→felt in the feet→brain

D cymbals→vibrations from the air

→felt by skin→brain 5.g

6  What happens if the person claps the cymbals 
harder together? 

A It makes no difference. 

B The intensity is higher.

C The intensity is lower.

D The intensity is unchanged, but the pitch is 

higher. 5.g

7  What unit is used to measure frequency?

A decibel

B hertz

C meters

D seconds 5.g

ca7.msscience.com

http://ca7.msscience.com
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8 The diagram below shows four different sound 
waves. 

 Which wave will have the loudest sound?

A Wave 1

B Wave 2

C Wave 3

D Wave 4 5.g

9  Which property of a sound wave determines the 
pitch of the sound?

A amplitude

B direction

C frequency

D speed 5.g

10  What is the term for how humans perceive 
sound?

A amplitude

B frequency

C loudness

D pitch 5.g

11 For a sound with a low pitch, what else is always 
low?

A amplitude

B frequency

C wavelength

D wave velocity 5.g

12 What does the outer ear do to sound waves?

A amplifies them

B converts them

C gathers them

D scatters them  5.g

13 Use the diagram of the ear below to answer the 
question below.

 What part of the ear is damaged by continuous 
loud noise?

A inner ear

B middle ear

C outer ear

D all of the above 5.g

Standards Assessment
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