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Sound and Waves
Introduction to Chapter 13

Sound is one of the richest of our five senses. In this chapter you will explore a field
of study that includes everything from making computers that can understand
speech to building concert halls and speaker boxes. The end of the chapter provides
an introduction to music, truly a universal language that humans have always
enjoyed.

Investigations for Chapter 13

The first investigation explores the perception of sound. Humans hear frequencies
between 20 Hz and 20,000 Hz, a range that varies widely with people. You will
measure the sensitivity of your own ears as well as those of your classmates. 

Using an electronic synthesizer, you will create resonance, beats, and interference of
sound waves. The evidence you collect will dramatically demonstrate that sound is
a wave, and show you how to control sound waves for useful purposes. 

The musical scale was known to humans 20,000 years before anyone invented
writing. Musical sounds are derived from an elegant mathematical foundation of
simple fractions and ratios. Once you know the ratios, you can design and build
your own musical instruments.

13.1 Sound What is sound and how do we hear it?

13.2 Properties of Sound Does sound behave like other waves?

13.3 Music What is music and how do we make music?

Chapter 13
Sound

and
Music
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Learning Goals

In this chapter, you will:

Learn how we hear sound. 

Learn how your brain interprets sound to understand words and music.

Learn what kinds of sounds we can hear, and what kinds we cannot hear.

Learn what a sound wave is and how it travels.

Learn how the loudness of sound is measured.

Learn the basics of acoustics as applied to the design of buildings and musical instruments.

Learn to read a sonogram and how a computer recognizes spoken words.

Learn what supersonic means.

Learn why a musical scale sounds good, or why it sounds bad.

Learn how we tell voices and instruments apart from each other.

Vocabulary

acoustics dissonance pitch sonogram
beat harmonics pressure supersonic
cochlea musical scale reverberation white noise
consonance beats ultrasound decibel
pitch harmony sound rhythm



Chapter 13
13.1 Sound
Sound is one of the most important of our senses. We use sound to express the whole range of human
emotion. In this section you will learn about sound and sound waves. Scientifically, sound is one of the
simplest and most common kinds of waves. But what a huge influence it has on our everyday
experience! Sound is a rich and beautiful palette from which musicians create works of joy, excitement,
and drama. We know sound is a wave because:

1 Sound has a frequency that we hear as higher or lower pitch. 
2 Sound has a wavelength that we can construct experiments to show. 
2133.1 Sound

Figure 13.1: The structure of the 
inner ear. When the eardrum vibrates, 
three small bones transmit the 
vibration to the cochlea. The 
vibrations make waves inside the 
cochlea, which vibrates nerves in the 
spiral. Each part of the spiral is 
sensitive to a different frequency.
1

3 The speed of sound is frequency times wavelength.
4 Resonance happens with sound. 
5 Sound can be reflected, refracted, and absorbed. 
6 Sound shows evidence of interference and diffraction. 

How do we hear a sound wave?

Hearing sound We get our sense of hearing from the cochlea, a tiny fluid-
filled organ in the inner ear (figure 13.1). The inner ear
actually has two important functions: providing our sense of
hearing and our sense of balance.  The three semicircular
canals near the cochlea are also filled with fluid. Fluid moving
in each of the three canals tells the brain whether the body is
moving left-right, up-down, or forward-backward.

How the cochlea
works

The perception of sound starts with the eardrum. The eardrum vibrates in response
to sound waves in the ear canal. The three delicate bones of the inner ear transmit
the vibration of the eardrum to the side of the cochlea. The fluid in the spiral of the
cochlea vibrates and creates waves that travel up the spiral. The spiral channel of
the cochlea starts out large and gets narrower near the end. The nerves near the
beginning see a relatively large channel and respond to longer wavelength, low-
frequency sound. The nerves at the small end of the channel respond to shorter
wavelength, higher-frequency sound. 
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gure 13.2:  Hearing protection 
ecommended when working in 
d environments.

gure 13.3: Ultrasound can be 
d to find tiny cracks in metal. The 
ck reflects the sound wave. The 

lection can tell the engineer the 
pth and size of the crack. 
Hearing ability
nges with time

Hearing varies greatly with people and changes with age. Some people can hear
very high frequency sounds and other people cannot. People gradually lose high
frequency hearing with age. Most adults cannot hear frequencies above 15,000
Hz, while children can often hear to 20,000 Hz. 

Hearing
an be damaged

by loud noise

Hearing is affected by exposure to loud or high-frequency noise. The nerve signals
that carry sensation of sound to the brain are created by tiny hairs that shake when
the fluid in the cochlea is vibrated. Listening to loud sounds for a long time can
cause the hairs to weaken or break off. Before there were safety rules about noise,
people who worked in mines or other noisy places often became partly deaf by the
time they retired. It is smart to protect your ears by keeping the volume reasonable
and wearing ear protection if you have to stay in a loud place (figure 13.2). Many
musicians wear earplugs to protect their hearing when playing in concerts!

Ultrasound It is possible to make sound of much higher frequency than the human ear can
hear. Ultrasound is sound that has very high frequency, often 100,000 Hz or more.
We cannot hear ultrasound, but it can pass through the human body easily.
Medical ultrasound instruments use the refraction and reflection of sound waves
inside the body to create images. Doctors often take ultrasound pictures of a
beating heart or a baby in the womb. Ultrasound is also used to find cracks in
materials (figure 13.3). If you pass ultrasound through a solid material, any small
cracks create reflections that can be detected by instruments. Ultrasound
examinations are routinely done on the structural frames of aircraft.
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The range of
human hearing

The range of human hearing is between 20 Hz and 20,000 Hz (20 kHz). The
combination of the eardrum, bones, and the cochlea all contribute to the limited
range of hearing. You could not hear a sound at 50,000 Hz, even at 100 decibels
(loud).   Animals such as cats and dogs can hear much higher frequencies because
they have more sensitive structures in their inner ears.
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Chapter 13
13.2 Properties of Sound
Like other waves, sound has the fundamental properties of frequency, wavelength, amplitude, and
speed. Because sound is such a part of human experience, you probably already know its properties, but
you know them by different names. For example, you will rarely hear someone complain about the high
amplitude of sound. What you hear instead is that the sound is too loud. 

What is sound?
215s of Sound

Figure 13.4: Air is made of 
molecules in constant random motion, 
zooming around, bumping off each 
other and the walls of their container. 
There is a great deal of empty space 
between molecules.

Figure 13.5: More molecules per 
unit volume makes pressure go up. 
Fewer molecules makes pressure go 
down.
13.2 Propertie

Air pressure Air, like any other gas, is made of free molecules whizzing around and bumping
into each other (figure 13.4). The molecules in a gas have lots of space around
them. Because of the extra space it is easy to squeeze molecules together to fit
more in a given volume. Squeezing more into the same volume makes the
pressure of the gas go up (figure 13.5). Pressure is a measure of the force felt by
the walls of the container holding the gas. If there are more molecules bouncing
off the walls, there is more pressure. 

We can also lower the pressure. If we expand the volume, but don’t let any
molecules in or out, the pressure will go down. The pressure goes down because
for every unit of area of our container there are fewer molecules bouncing off the
walls.

We can also heat the gas up so the molecules move a little faster. Faster means
they bang into the walls faster and bounce off with more force. Raising the
temperature is a second way to increase pressure. For sound waves, however, we
are mostly concerned with changes in density, or number of molecules per unit of
volume. 

Pressure is a
restoring force

The pressure of a gas is a type of restoring force. If we increase the pressure in one
place, the natural tendency is for the atoms to spread back out again, lowering the
pressure. Conversely, if we reduce the pressure in one spot, other atoms nearby
rush in to fill in the extra open space and raise the pressure. Atoms have mass, and
therefore inertia. Pressure provides a restoring force. The combination of inertia
and restoring force results in harmonic motion and waves. The harmonic motion is
an oscillation in pressure and the wave is a sound wave. 
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gure 13.6: What a sound wave 
ght look like if you could see the 
ms. The effect is greatly 
ggerated to show the variation. In 

 actual sound wave, the difference 
pressure between the highest and 
est is much smaller, less than one 

rt in a million. From the graph you 
n tell the wavelength of this sound 
bout a meter.
we hear the sound. 

The pressure
aves are small

It is hard to feel the pressure directly because the amplitude of the pressure wave is
very small for most ordinary sounds. The vibrations of most sounds are also too
fast for nerves in the skin to react. However, for very low frequency sounds you
can feel the vibration with your skin. If you put your fingertips very close (but not
touching) a speaker, you can feel the vibrating air for frequencies lower than about
100 Hz. Anyone who has listened to a loud bass guitar will confirm that sound is a
vibration that you can feel at low frequencies!

Sound is a
gitudinal wave

Sound waves are longitudinal because the air is compressed in the direction of
travel. You can think of a sound wave like the compression wave on the Slinky.
Anything that vibrates creates sound waves as long as there is air or some other
material. Sound does not travel in space. Science fiction movies always add sound
to scenes of space ships exploding. If the scenes were real, there would be total
silence because there is no air in space to carry the sound waves. 
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Figure 13.6 shows a greatly magnified illustration of a speaker, a sound wave and
the oscillation of pressure. If you touch the speaker surface you can feel the
vibration. Imagine looking at the air very close to the speaker. The surface of the
speaker is going back and forth. When the surface moves forward it pushes on the
air touching the surface, compressing it and raising the pressure. The speaker then
moves back and lowers the pressure. The back and forth motion of the speaker
creates alternating layers of high and low pressure. The pressure waves travel
away from the speaker as a sound wave.

A sound wave is a wave of alternating high pressure and low pressure regions of
air. Anything that vibrates in air creates a sound wave. The wave travels away
from the source and eventually reaches our ear, where it vibrates the eardrum and
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What is a decibel?

The decibel scale is a
logarithmic measure of sound
pressure. This is different
from linear measures you are
familiar with. Every increase
of 20 dB means the pressure
The loudness of sound

The decibel scale The loudness of sound is measured in decibels (dB). As you might expect,
loudness is related to the amplitude of the sound wave. The amplitude of a sound
wave is one half of the difference between the highest pressure and the lowest
pressure in the wave. Because the pressure change in a sound wave is very small,
almost no one uses pressure to measure loudness. Instead we use the decibel scale.
Most sounds fall between 0 and 100 on the decibel scale, making it a very
convenient number to understand and use.
217s of Sound

wave has 10 times greater
amplitude. 

We use the decibel scale
because our ears can hear such
a wide range of amplitudes.
Our ears also hear changes in
loudness proportional to dB
and not to amplitude. Every
20 dB increase sounds about
twice as loud.
13.2 Propertie

Table 13.1:    Some common sounds and their loudness in decibels

10 - 15 dB A quiet whisper, 3 feet away

30 dB A house in the country

40 dB A house in the city

45 - 55 dB The noise level in an average restaurant

65 dB Ordinary conversation, 3 feet away

70 dB City traffic

90 dB A jackhammer cutting up the street, 10 feet away

110 dB A hammer striking a steel plate 2 feet from your ear. This 
would be a very loud sound.

120 dB The threshold of physical pain from loudness
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gure 13.7: The amplitude of a 
nd wave is very small. Even an 80 

 noise (quite loud) creates a 
ssure variation of only a few 

llionths of an atmosphere. 

gure 13.8:  Soundproofing 
uires careful attention to the way 
nd behaves.

) It can pass through thin walls.
) It is stopped by dense walls.
) It goes through cracks.
) It reflects from hard surfaces.    
) Carpet reduces reflection of 
nd.
Acoustics Reducing the loudness of sound is important in many applications. For example, a
library might want to absorb all sound to maintain quiet. A recording studio might
want to block sound from the outside from mixing with sound from the inside.
Acoustics is the science and technology of sound. Knowledge of acoustics is
important to many careers, from the people who design stereo speakers to the
architects who designed your school. 

Soundproofing Because the ear is so sensitive, it is difficult to block sound. Sound can be
transmitted through materials or through gaps in walls and around doors
(figure 13.8). Sound can also be reflected from hard surfaces. A good
soundproofing design addresses all ways that sound can travel. To stop transmitted
sound, we use dense, thick wall materials such as concrete or brick. Careful
sealing around doors and openings stops sound from leaking through cracks.
Thick curtains and carpets help absorb reflected sound on floors and walls.
Acoustic tiles are used to reduce the loudness of sound reflected off the ceiling.
Music is often recorded in studios with good soundproofing so only music inside
the studio is recorded and not sounds from outside.

20 dB 2 / 1,000,000,000 
40 dB 2 / 100,000,000
80 dB 2 / 1,000,000
120 dB 2 / 10,000
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The actual oscillations in pressure from a sound wave are very small (figure 13.7).
Table 13.2 gives some examples of the amplitude for different decibel levels. As
you can see, the human ear is very sensitive. We can easily hear a pressure wave
that is only 2 parts different out of 100 million! If you were looking at a pile of a
million coins, you could never notice one missing. Yet our ears can detect a
change in pressure of less than one part in a 100 million! This exquisite sensitivity
is why hearing can be damaged by listening to very loud noises for a long time. 

Table 13.2:  Loudness and amplitude of sound waves in air

Loudness in Decibels Amplitude of Pressure Wave 
(fraction of 1 atmosphere)

Fi
sou
dB



Chapter 13
The frequency of sound

Frequency and
pitch

We hear the different frequencies of sound as having different pitch. A low-
frequency sound has a low pitch, like the rumble of a big truck. A high-frequency
sound has a high pitch, like a whistle or siren. The range of frequencies that
humans can hear varies from about 20 Hz to 20,000 Hz. 

The sensitivity of
the ear

How we respond to the loudness of sound is affected by the frequency of the
sound as well as by the amplitude (figure 13.9). High-frequency sounds seem
louder than low-frequency sounds, even if the decibel level is the same. This is
219s of Sound

Figure 13.9: How loud we 
perceive sound to be depends on the 
frequency as well as the amplitude. 
The ear is most sensitive to sounds 
around 2,000 Hz. The solid line on the 
graph represents sounds that are 
heard as equally loud. From the graph 
you can tell that an 80 dB sound at 50 
Hz seems just as loud as a 38 dB 
sound at 2,000 Hz.

Figure 13.10: The sound wave 
from a guitar playing the note E. 
Several frequencies are present 
because the graph is not a simple 
wave.
13.2 Propertie

because our ears are more sensitive to sounds between 100 and 2,000 Hz than to
sounds outside this range. Most of the frequencies that make up speech are
between 100 and 2,000 Hz. 

Sound can have
more than one

frequency

Most sound that we hear contains many frequencies, not just one. A good analogy
is to think of sound as having a recipe. The different frequencies are like different
ingredients. To make the sound of a guitar you add a bunch of one frequency, a bit
of a few different frequencies, and a pinch of a few others (figure 13.10). The
opposite process also works. You can take a complex sound and break it down into
different amounts of pure frequencies.
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 to our computers rather than
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sense if you talk into a
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’s voice.
sonogram

Sonograms A sonogram is a special kind of graph that shows how loud “sound” is at
different frequencies. The sonogram above is for a male voice saying “hello.”
The word lasts from 0.1 seconds to about 0.6 seconds. You can see lots of sound
below 1,500 Hz and two bands of sound near 2,350 Hz and 3,300 Hz. Every
person’s sonogram is different, even when saying the same word. 

White noise Sometimes you do not want to hear meaning in sound, like when you want to go
to sleep. Many people find white noise to be a relaxing sound. White noise is an
equal mixture of all frequencies, like white light is a mixture of all colors.
Because all frequencies are at the same level there is no pattern the brain can
recognize. The lack of pattern is helpful for relaxing because it can drown out
more distracting noises, like people talking or a television.
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Reading a

Each nerve in the ear responds to a different range of frequency. One nerve
might hear 330 Hz while another hears 800 Hz. Our brain has learned to
assemble all the different frequencies and attach meanings to different patterns.
The spoken word “hello” has a characteristic sound that contains a pattern of
frequencies. We are taught to recognize the pattern and interpret the sound to be
a word with meaning.

Think about reading one single word from a story. You recognize the word, but it
does not tell you much about the story. When you read the whole story you put
all the words together to get the meaning. The brain does a similar thing with
different frequencies of sound. A single frequency by itself does not have much
meaning. The meaning comes from patterns in many frequencies together. 
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The wavelength of sound

Bass and treble
speakers

Speakers that have great bass (low frequency) are large. Speakers that have good
treble (high frequency) are usually much smaller. This is because of the
wavelength and energy of the different frequencies of sound (figure 13.11). The
chart below gives some typical frequencies and wavelengths for sound in air. 

Table 13.3:  Frequency and wavelength for some typical sounds

Frequency (Hz) Wavelength Typical Source
221s of Sound

Figure 13.11: The frequency and 
wavelength of sound are inversely 
related. When the frequency goes up, 
the wavelength goes down 
proportionally.

Figure 13.12: A 200 Hz sound 
has a wavelength about equal to the 
height of a person
13.2 Propertie

Why the
wavelength of

sound is important

Although we usually think about different sounds in terms of frequency, the
wavelength can also be important. If there are boundaries or objects similar in size
to the wavelength we will get resonance. Resonance makes certain sounds much
louder. If you want to make sound of a certain wavelength, you often need to have
a vibrating object that is similar in size to the wavelength (figure 13.12). This is
the reason organ pipes are made in all different sizes. Each pipe is designed for a
specific wavelength of sound. 

20 17 meters rumble of thunder 
100 3.4 meters bass guitar
500 70 cm (27”) average male voice

1,000 34 cm (13”) female soprano singer
2,000 17 cm (6.7”) fire truck siren
5,000 7 cm (2.7”) highest note on a piano
10,000 3.4 cm (1.3”) whine of a jet turbine
20,000 1.7 cm (2/3”) highest pitched sound you can hear
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gure 13.14:  The speed of 
nd in various materials (helium 

d air at 0°C  and 1 atmospheric 
ssure).

Material
Sound 
speed 

(m/sec)
Air 330

Helium 965
Water 1530

ood (average) 2000
Gold 3240
Steel 5940
The speed
depends on

pressure and
temperature

The speed a sound wave travels in air depends on how fast the molecules in the air
are moving. If the molecules are moving slowly (cold), sound does not travel as
fast as when they are moving fast (hot). The kind of molecules also affects the
speed of sound. Air is made up of mostly of oxygen (O2) molecules and nitrogen
(N2) molecules. Lighter molecules, like hydrogen (H2), move faster for a given
temperature. Because of the speed difference, sound travels faster in hydrogen
than in air. 

Like other waves, the speed of sound also depends on the strength of the restoring
force. High pressure creates larger restoring forces and increases the speed of
sound. Lower pressure decreases the restoring force and decreases the speed of
sound. 

ound in liquids
and solids

Sound can also travel through liquid and solid materials, like water and steel
(figure 13.14). The speed of sound in other materials is often faster than in air. The
restoring forces in solid steel (for example) are much stronger than in a gas.
Stronger restoring forces tend to raise the speed of sound. People used to listen for
an approaching train by putting an ear to the rails. The sound of the approaching
train travels much faster through the steel rails than through the air.
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Sound is fast,
out 340 meters

per second

Sound moves faster than most motion you are familiar with. Under average
conditions the speed of sound is about 340 meters per second (660 mph). Ordinary
passenger jets fly slower than sound, usually around 400 to 500 miles per hour. We
use the term supersonic to describe motion that is faster than sound. Only one kind
of passenger jet (the Concorde) is supersonic (figure 13.13). If you were on the
ground watching the Concorde flying toward you, there would be silence. The
sound would be behind the plane, racing to catch up. You would hear the sound
after the plane passed overhead. You would also hear a deafening sonic boom
when the sound finally reached your ears. 

Fi
sup
yo
pla



Chapter 13

�Avery Fisher Hall
How sound waves are affected by surfaces

Reverberation Sound waves reflect from hard surfaces. In a good concert hall the reflected sound
adds to the direct sound. You hear a multiple echo celled reverberation. The right
amount of reverberation makes the sound seem livelier and richer. Too much
reverberation and the sound gets muddy from too many reflections. Concert hall
designers work hard on the shape and surface of the walls and ceiling to provide
the best reverberation. Some concert halls even have movable panels that can be
raised or lowered from the ceiling to help with the sound.
223s of Sound

New York’s Philharmonic
Hall opened in 1962, and it
was an acoustic disaster. The
building was beautiful but
the sound quality in the hall
was awful, with loud spots,
dead spots, and muddy
reflections. How did some of
the best architects and
acoustic experts go wrong?

The hall was redesigned in
1976 by Cyril Harris, an
acoustical specialist from
Columbia University.
Professor Harris altered
almost all of the interior,
changing wall shapes, and
adding or moving many
absorbing and reflecting
panels. The sound quality
was greatly improved and the
building was renamed Avery
Fisher Hall.
13.2 Propertie

Interference can
also affect sound

quality

Reverberation also causes interference of sound waves. When two waves
interfere, the total can be louder or softer than either wave alone. The diagram
above shows a musician and an audience of one person. The sound reflected from
the walls interferes as it reaches the listener. If the distances are just right, one
reflected wave might be out of phase with the other. The result is that the sound is
quieter at that spot. An acoustic engineer would call it a dead spot in the hall.
Dead spots are areas where destructive interference causes some of the sound to
cancel with its own reflections. It is also possible to make very loud spots where
sound interferes constructively. Good concert halls are designed to have even
sound, not too lively, but not too quiet, either. 

Diffraction Because sound is a wave, it can be diffracted. This means that sound can bend
around objects and pass through openings of any size.

Making a good concert hall

Direct sound (A) reaches the listener
along with reflected sound (B, C)
from the walls. The shape of the room
and the surfaces of the walls must be
designed so that there is some
reflected sound, but not too much. 
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gure 13.15: A portion of a 
no keyboard showing the 
quencies of the notes*. Four 
taves are shown. A grand piano has 
 keys and covers seven octaves. 
uned to perfect C major scale)
usually mean the same thing. However, because pitch depends on the human ear
and brain, sometimes pitch and frequency can be different. The way we hear a
pitch can be affected by the sounds we heard before and after.

Rhythm Rhythm is a regular time pattern in a sound. Rhythm can be loud and soft, tap-tap-
TAP-tap-tap-TAP-tap-tap-TAP. Rhythm can be made with sound and silence or
with different pitches. People respond naturally to rhythm. Cultures of people are
distinguished by their music and the special rhythms used in the music.

 musical scale Most of the music you listen to is made from a set of frequencies called a musical
scale. The scale that starts on the note C is show in the diagram below.

Fi
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88
(*t
.3 Music
ic is a combination of sound and rhythm that we find pleasant. The kinds of sounds and rhythms
be very different for different styles of music. Some people like music with a heavy beat and strong
hm. Other people like music where the notes rise and fall in beautiful melodies. Music can be slow
ast, loud or soft, happy or sad, comforting or scary. In this chapter we will learn what kinds of
ds music is made from.

ch and rhythm

Pitch The pitch of a sound is how high or low we hear its frequency. Pitch and frequency
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Echolocation and 
beats

Bats “see” at night using
Consonance, dissonance, and beats

Harmony Music can have a profound effect on people’s mood. The tense, dramatic sound-
track of a horror movie is a vital part of the audience’s experience. Harmony is the
study of how sounds work together to create effects desired by the composer.
Harmony is based on the frequency relationships of the musical scale.

Beats An interesting thing happens when two frequencies of sound are close, but not
exactly the same. The phase of the two waves changes in a way that makes the
loudness of the sound seem to oscillate or beat. Sometimes the two waves are in
2253.3 Music

ultrasound waves instead of
light. A bat’s voice is like a
“sonic flashlight” shining a
beam of sound. A bat emits
bursts of sound that rise in
frequency, called “chirps.”
When the sound reflects
from a bug, the bat’s ears
receive the echo. Since the
frequency of the chirp is
always changing, the echo
comes back with a slightly
different frequency. The
difference between the echo
and the chirp makes beats
that the bat can hear. The
beat frequency is
proportional to how far the
bug is from the bat. A bat
triangulates the bug’s
position by comparing the
echo from the left ear with
that of the right ear.
1

Beats come from
adding two waves

that are only
slightly different

in frequency

phase, and the total is louder than either wave separately. Other times the waves
are out of phase and they cancel each other out, leaving periods of silence. The
rapid alternations between loudness and silence are referred to as beats. Most
people find beats very unpleasant to listen to. Out-of-tune instruments make beats.
The frequencies in the musical scale are chosen to reduce the occurrence of beats.

Consonance and
dissonance

When we hear more than one frequency of sound and the combination sounds
good, we call it consonance. When the combination sounds bad or unsettling, we
call it dissonance. Consonance and dissonance are related to beats. When
frequencies are far enough apart that there are no beats, we get consonance. When
frequencies are too close together, we hear beats that are the cause of dissonance.
Dissonance is often used to create tension or drama. Consonance can be used to
create feelings of balance and comfort.
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gure 13.16: This graph shows 
 frequencies in a guitar playing an 
ote. Notice how many harmonics 
re are!
important one is still the fundamental note (for example, C-264 Hz). The variation
comes from the harmonics. Remember, harmonics are frequencies that are
multiples of the fundamental note. We have already learned that a string can
vibrate at many harmonics. The same is true for all instruments. A single C from a
grand piano might include 20 or more different harmonics.

ipes for sound A good analogy is that each instrument has its own recipe for sound. The “guitar”
sound shown in figure 13.16 has a mix of many harmonics. For this guitar, the
fundamental is twice as big as the 2nd harmonic. There are strong 3rd, 4th and 5th

harmonics. The piano recipe would have a different mix.

Human voices The human voice also has harmonics. We recognize different people’s voices by
the patterns in frequency. The diagrams above show the frequencies of male and
female voices saying the word “hello.” The frequencies range from 100 Hz to
about 4,000 Hz. The peaks in the diagrams indicate the harmonics in the voices.
Each voice has a unique set of harmonics. This is why it is possible to identify
someone by their voice even if you only hear that person say “hello.”

Fi
the
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rmonics and the “color” of sound

 same note can
ound different

The same note sounds different when played on different instruments. As an
example, suppose you listen to the note C-264 Hz played on a guitar and the same
C-264 Hz played on a piano. A musician would recognize both notes as being C
because they have the same frequency and pitch. But the guitar sounds like a
guitar and the piano sounds like a piano. If the frequency of the note is the same,
what gives each instrument its characteristic sound?

truments make
mixtures of
frequencies

The answer is that the sound we hear is not a single pure frequency. If the piano
and the guitar both made a pure 264 Hz sound, we could not tell the difference. We
can tell because real instruments make sounds with many frequencies. The most
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C

V

M  match any of the terms.

1 technology of making and using sound

2  we hear different frequencies of sound

3 aph showing frequency, loudness, and 

4 qual mixture of all frequencies of sound

5 d of frequencies too high for the human 
 hear

speed of sound

1 rtistic mixing of sounds of many 
rent frequencies

2 n two or more sounds are pleasant to hear 
her

3 n two or more sounds are unpleasant to 
together

4 oudness of sound

5 quency of sound that is part of a musical 

scillation in loudness that occurs when 
requencies of sound are close but not 
l

hapter 13 Review 

ocabulary review

atch the following terms with the correct definition. There is one extra definition in the list that will not

Set One Set Two
. sound a. The force of molecules colliding with each 

other and the walls of a container
1. ultrasound a. The 

. pressure b. A scale to measure the loudness of sound 2. acoustics b. How

. soundproofing c. A pressure wave we hear with our ears 3. pitch c. A gr
time

. cochlea d. Building and designing ways to control sound 4. sonogram d. An e

. decibel e. The highest frequency of sound 5. white noise e. Soun
ear to

f. The part of the ear that senses sound f. The 

Set Three Set Four
. supersonic a. The time pattern in sound 1. note a. The a

diffe

. reverberation b. A set of frequencies that we find pleasant to 
listen to

2. beats b. Whe
toget

. rhythm c. The effect of multiple echoes in a room 3. consonance c. Whe
hear 

. musical scale d. A speed faster than the speed of sound 4. dissonance d. The l

. octave e. A nerve in the ear that is sensitive to sound 5. harmony e. A fre
scale

f. The interval between a frequency and double 
the frequency

f. An o
two f
equa
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Con

1.

2.

3.

4.

5.

the ______ of a sound wave?

one frequency of sound at a

 patterns in the frequency of

fect on how loud we hear the

s how patterns of frequency
ne is speaking. True or false?

iet room, you would do what

gs with a hard surface like

 like carpet and foam.
iminate cracks.
f the speed of sound in the
elium.

Slowest
cept review

A string that vibrates at 150 Hz creates a sound wave of:

Which of the following is evidence that sound is a wave? You
may choose more than one.

a. Sound has a frequency we hear as differences in pitch.
b. Some sounds are represented by special symbols.
c. The speed of sound is the product of frequency times

wavelength.
d. We observe interference and diffraction of sound.
Which frequencies can most people hear? You may choose
more than one.

Ultrasound is used for:

a. Making images of the body for medical purposes.
b. Extremely loud music.
c. Making digital recordings for music CDs.
d. Creating scary soundtracks for horror movies.
Air pressure is affected by (you may choose more than one):

a. The movement of atoms and molecules.
b. The temperature of a gas.
c. Sound waves.
d. Light waves.

6. The decibel scale is a measure of 

a. frequency
b. wavelength
c. amplitude
d. speed

7. The human voice contains only 
time. True or false?

8. We recognize people’s voices by
sound. True or false?

9. The frequency of sound has no ef
sound. True or false?

10. A sonogram is a graph that show
change over time, as when someo

11. If you wanted to create a very qu
(you may choose more than one):

a. Cover the walls and ceilin
paneling.

b. Cover surfaces with materials
c. Seal doors and windows to el

12. Arrange the following in order o
material: air, wood, steel, water, h

a. 150 cycles/sec b. 150 decibels
c. 150 m/sec d. 150 meters

a. 300 Hz b. 10,000 Hz
c. 2,500 Hz d. 100,000 Hz
e. 5 Hz f. 50,000 Hz

Fastest
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1  are true of the human voice: 
ale voices are usually lower than

ale voices are usually higher than

frequencies between 100 Hz and

requencies between 2,000 Hz and

P

1

2

3

f a wall that is 170 meters away. If
e for the echo to get back to you if

sec?

 that lasts for 1 second.
 that lasts for 2 seconds.
 that lasts for 1 second.
 that lasts for 2 seconds.
3. Beats are caused by:

a. Two frequencies of sound that are close but not identical.
b. Two frequencies of sound that are consonant.
c. Two frequencies of sound that are exactly one octave apart.
d. Two frequencies of sound that are exactly the same.

14. Choose all the following that
a. The frequencies of fem

male voices.
b. The frequencies of fem

male voices.
c. Voices mostly contain 

2,000 Hz.
d. Voices mostly contain f

10,000 Hz.
roblems

. The speed of sound is approximately 340 m/sec. What is the
wavelength of a sound wave with a frequency of 1,000 Hz?

a. 3.4 meters
b. 34 centimeters
c. 340 meters
d. 2.9 meters

. If a sound is 20 decibels louder than another sound, the
amplitude of the louder sound is:

a. 20 times the amplitude of the softer sound.
b. 10 times the amplitude of the softer sound.
c. 20 pounds per square inch more than the softer sound.
d. 2 times the amplitude of the softer sound.

. What is the loudest frequency
shown in the graph?

a. The fundamental.
b. The second harmonic.
c. The third harmonic.
d. The fourth harmonic. 

4. Suppose you stand in front o
you yell, how long does it tak
the speed of sound is 340 m/

5. The sonogram shows:

a. A frequency of 1,000 Hz
b. A frequency of 1,000 Hz
c. A frequency of 1,500 Hz
d. A frequency of 1,500 Hz
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�A

1. (b) and your sound problem
 think of a rule for the three
would make sure that none of
wer harmonics, would ever

ays tell when a train was
ar it. They would put their ear
l rails. Compare the speed of
und in air and explain why

hing to do.

 telephone was a marvel. The
 Bell’s days were much less
. Today, stereo makers claim
er the whole range of human
. The early telephones could

ok back at the graphs of
pter. What is the minimum
ones had to cover to make
Have you ever noticed that a
ds like a real person’s voice?
pplying your knowledge

Resonance applies to sound waves in boxes just like it does to
strings. However, in a box there are three dimensions: length,
width, and height. Each dimension can support a wave, so
there can be three different wavelengths (a, b, c) that are
resonant in a box.

Suppose you are designing stereo speakers and you don’t want
resonance. Resonance would make some wavelengths
(frequencies) of sound always be louder than others. This is
usually bad for music. You want speakers to reproduce sound
as it was recorded, and not make some sounds louder than
others.

You can’t escape some resonance. But suppose one side of
your box was exactly twice another side. Then the second
harmonic of one resonance (a) would be the same as the first

harmonic of another resonance 
would be twice as bad. Can you
dimensions of a speaker box that 
the three resonances, or their lo
overlap?

2. �Railroad engineers could alw
coming long before they could he
to the track and listen to the stee
sound in steel to the speed of so
listening to the rails was a smart t

3. �When it was first invented, the
electronics of Alexander Graham
sophisticated than we have today
they can reproduce frequencies ov
hearing from 20 Hz to 20,000 Hz
not deliver such a range. Lo
frequencies of voices in the cha
range of frequencies that teleph
people’s voices understandable? 
voice on the telephone never soun
Why do you think that is?
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