FSECTION

What You Will Learn
@ Describe how vibrations cause
sound.

@ Explain how sound is transmitted
through a medium.

@ Explain how the human ear works,
and identify its parts.

@ Identify ways to protect your
hearing.

Vocabulary
sound wave
medium

READING STRATEGY

Prediction Guide Before reading this
section, predict whether each of the
following statements is true or false:

e Sound waves are made by
vibrations.

* Sound waves push air particles
along until they reach your ear.
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What Is Sound?

You are in a restaurant, and without warning, you hear a loud
crash. A waiter dropped a tray of dishes. What a mess! But
why did dropping the dishes make such a loud sound?

In this section, you'll find out what causes sound and what
characteristics all sounds have in common. You'll also learn
how your ears detect sound and how you can protect your
hearing.

Sound and Vibrations

As different as they are, all sounds have some things in
common. One characteristic of sound is that it is created by
vibrations. A vibration is the complete back-and-forth motion
of an object. Figure 1 shows one way sound is made by
vibrations.

€ Electrical signals make the speaker vibrate. As the
speaker cone moves forward, it pushes the air particles
in front of it closer together, creating a region of higher
density and pressure called a compression.

( As the speaker cone moves backward, air particles close
to the cone become less crowded, creating a region of
lower density and pressure called a rarefaction.

@ For each vibration, a compression and a rarefaction are
formed. As the compressions and rarefactions travel away
from the speaker, sound is transmitted through the air.
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Compression Rarefaction

Sound Waves

Longitudinal (LAHN juh TOOD'n uhl) waves are made of
compressions and rarefactions. A sound wave is a longitudinal
wave caused by vibrations and carried through a substance.
The particles of the substance, such as air particles, vibrate
back and forth along the path that the sound wave travels.
Sound is transmitted through the vibrations and collisions
of the particles. Because the particles vibrate back and forth
along the paths that sound travels, sound travels as longitu-
dinal waves.

Sound waves travel in all directions away from their source,
as shown in Figure 2. However, air or other matter does not
travel with the sound waves. The particles of air only vibrate
back and forth. If air did travel with sound, wind gusts from
music speakers would blow you over at a school dance!

WATZTITALET what do sound waves consist of? (See the
Appendix for answers to Reading Checks.)
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Good vibrationsL

1. Gently strike a tuning fork on a rubber eraser. Watch the

Prongs, and listen for a sound. Describe what you see and
what you hear.

- Lightly touch the fork with your fingers. What do you feel?
3. Grasp the prongs of the fork firmly with your hand. What
happens to the sound?

4. Strike the tuning fork on the eraser again, and dip the prongs

N a cup of water. Describe what happens to the water.
3-Record your observations,
“-_m—' - -

Figure 2 You can't actually
see sound waves, but they can
be represented by spheres that
spread out in all directions.

sound wave a longitudinal wave
that is caused by vibrations and that
travels through a material medium
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Figure 3 Tubing is connected to
a pump that is removing air from
the jar. As the air is removed, the
ringing alarm clock sounds quieter
and quieter.

medium a physical environment in
which phenomena occur

Vocal Sounds The vibrations
that produce your voice are
made inside your throat. When
you speak, laugh, or sing, your
lungs force air up your wind-
pipe, causing your vocal cords
to vibrate.

Do some research, and find
out what role different parts
of your throat and mouth play
in making vocal sounds. Make
a poster in which you show
the different parts, and explain
the role they play in shaping
sound waves.

e T3 T/

32 Chapter 2

Sound and Media

Another characteristic of sound is that all sound waves require
a medium (plural, media). A medium is a substance through
which a wave can travel. Most of the sounds that you hear
travel through air at least part of the time. But sound waves
can also travel through other materials, such as water, glass,
and metal.

In a vacuum, however, there are no particles to vibrate. So,
no sound can be made in a vacuum. This fact helps to explain
the effect described in Figure 3. Sound must travel through air
or some other medium to reach your ears and be detected.

WATTTITNITT] What does sound need in order to travel?

How You Detect Sound

Imagine that you are watching a suspenseful movie. Just before
a door is opened, the background music becomes louder. You
know that there is something scary behind that door! Now,
imagine watching the same scene without the sound. You
would have more difficulty figuring out what's going on if
there were no sound.

Figure 4 shows how your ears change sound waves into
electrical signals that allow you to hear. First, the outer ear
collects sound waves. The vibrations then go to your middle
ear. Very small organs increase the size of the vibrations here.
These vibrations are then picked up by organs in your innel
ear. Your inner ear changes vibrations into electrical signals
that your brain interprets as sound.
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How the Human Ear Works

The outer ear acts as a funnel for

sound waves. The pinna collects

sound waves and directs them into

the ear canal.

Pinna

Ear canal

(1

Sound waves vibrate the eardrum—a
lightly stretched membrane that is

the entrance to the middle ear.

The vibration of the
eardrum makes the
!'lammer vibrate, which,
In turn, makes the anvil
and stirrup vibrate.

(3]

The stirrup vibrates the
oval W{ndow—the entrance
to the inner ear.

(® In the middle ear, three
bones—the hammer, anvil,
and stirrup—act as levers
to increase the size of
the vibrations.

Stirrup

Eardrum

@ In the inner ear, vibra-

tions created by sound are
changed into electrical signals
for the brain to interpret.

Cochlea

The bending

Movement of of the hair cells
the liquid causes stimulates nerves,
tiny hair cells in- which send
side the cochlea electrical signals
to bend. to the brain.

The vibrations of the oval

window create waves in the

liquid inside the cochlea.
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Protecting Your Hearing

Short exposures to sounds that are loud enough to be
pamful can cause hearing loss. Your hearing can also
pbe damaged by loud sounds that are not quite painful,
if you are exposed to them for long periods of time.
There are some simple things you can do to protect your
hearing. Loud sounds can be blocked out by earplugs.
You can listen at a lower volume when you are using
headphones, as in Figure 6. You can also move away from
loud sounds. If you are near a speaker playing loud music,
just move away from it. When you double the distance Figure 6 Turning your radio down
between yourself and a loud sound, the sound’s intensity can help prevent hearing loss,

to your ears will be one-fourth of what it was before. especially when you use headphones.

Figure 5 Sound
is made whether
or not anyone is

around to hear it.
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° Using Key Terms 7. Identifying Relationships
ReV| ew Recall the breaking dishes
mentioned at the beginning of ‘
this section. Why was the sound ‘

that they made so loud?

m Understanding Key Ideas Interpreting Graphics
. 2. Sound travels as

Use the diagram of a wave below to

Making Sound Versus Hearing Sound

Have you heard this riddle? If a tree falls in the forest and no
one is around to hear it, does the tree make a sound? Think
about the situation pictured in Figure 5. When a tree falls

\“T‘R '4 AC‘T|VIT}' and hits the ground, the tree and the ground vibrate. These

vibrations make compressions and rarefactions in the surround-

1. Use the following terms in the
same sentence: sound wave and
medium.

‘For r.':1_no’c:l1er activity related ing air. So, there would be a sound! @® All sounds are generated a. transverse waves. answer the questions that follow.
to thll'ivc apter, gﬂ to th Making sound is separate from detecting sound. The fact by vibrations. b. longitudinal waves.
E:{/wor;jc‘l)-inllsasr;\mtﬁe in the that no one heard the tree fall doesn’t mean that there wasn'’t ® Sounds travel as longi- ¢. shock waves. S B 'ﬁ' y
a sound. A sound was made—it just wasn't heard. tudinal waves consisting d. airwaves. Brer L, .
of compressions and . :
L 3. Which part of the ear increases 5 ik
i ?
Hea ring Loss and Deafness 5 rarefactions. _ thesize otihe —bratiohsof 8. What kind of wave is this?
Th Fth " her £ h Sound waves travel in sound waves entering the ear? 9. Draw a sketch of the diagram on
e many parts of the ear must work together for you to hear all directions away from 4. OUEEE Bat a separate sheet of paper, and
sounds. If any part of the ear is damaged or does not work their source. o ek label the compressions and
properly, hearing loss or deafness may result. ® Sound waves require a c' hiddlear rarefactions.
One of the most common types of hearing loss is called get?;:”[‘ tShrough which d- e 10. How to vibrations take these
tinnitus (ti NIET us), which results from long-term exposure trav l‘e' e - kinds of waves?
5 Vol aids Toand g o Slatit to the hail el In a vacuum. 4. Name two ways of protecting
o lou unds. Loud sounds can cau e age to the BNl ears convert your hearing,
cells and nerve endings in the cochlea. Once these hairs are sound into electrical ”
damaged, they do not grow back. Damage to the cochlea or impulses that are sent Critical Thinking SC [
any other part of the inner ear usually results in permanent to your brain. INKS m

3. Ana]yzmg Processes Explam Developed and maintained by the
Why a person at a rock concert National Science Teachers Association
will not feel gusts of wind
coming out of the speakers.

. Exposure to loud
sounds can cause
hearing damage.

. Using earplugs and

hearing loss.

People who have tinnitus often say they have a ringing in
their ears. They also have trouble understanding other people
and hearing the difference between words that sound alike.

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