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DIAGRAM REVIEW: Look through the diagrams and pictures and select the most interesting one.  Why do you find it interesting?  What is the picture or diagram trying to show?  How does the picture help you understand this chapter?





TEXT REVIEW: Record new words, important phrases or concepts/ other notes. You MUST fill up the whole space below with notes. 
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20.1 Properties of Sound

Like other waves, sound has the properties of frequency, wavelength, amplitude, and speed.
Because sound is such a big part of human experience, you already know its properties, but by
different names. You may never hear anyone complain about amplitude, but you have heard

about sound being too loud. The loudness of sound comes from the amplitude of a sound wave.
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Sound is a wave, and like all waves it has a frequency. Your ear is very
sensitive to the frequency of sound. The pitch of a sound is how you hear
and interpret its frequency. A low-frequency sound has a low pitch, like the
rumble of a big truck or a bass guitar. A high-frequency sound has a high
pitch, like the scream of a whistle or siren. The range of frequencies humans
can hear varies from about 20 hertz to 20,000 hertz.

Most sound that you hear contains many frequencics. Tn Chapter 19, we

talked about the superposition principle. Complex sound is created by the

superposition of many frequencies. In fact, the sound of the human voice

contains thousands of different frequencies—all at once (Figure 20.1)
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Why is it easy to recognize one person’s voice from another, even when
peaple are saying the same word? The reason is that voices have different
mixtures of frequencies. A frequency spectrum is a graph showing the
different frequencies present in a sound. Loudness is on the vertical axis and
frequency is on the horizontal axis. Figure 20.1 shows the frequencies of the
voices for three individuals saying “hello.”

pitch - the perceived frequency
of a sound

Figure 20.1: The frequencics in
three peaple’s voices as they say the
word “hello.”
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The loudness of sound

The decibel
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‘The loudness of sound is measured in decibels (dB). Loudness is determined
mostly by the amplitude of a sound wave. However, instead of amplitude, we
usually use the decibel scale to measure loudness (Figure 20.2). Most sounds
fall between 0 and 100 on this scale, which makes it a convenient number to
understand and use. Every increase of 20 decibels (dB) means the sound wave
has 10 times greater ampiitude and it sounds about twice as loud.

Table 20.1: Common sounds and their loudness in decibels

0dB [ The threshold of human hearing; the quietest sound we can hear

10-1508 | A quiet whisper 3 feet away

30-40 dB_| Background sound level at a house’

45-550B_| The noise level in an average restaurant

6508__| Ordinary conversation 3 feet away

7008 | City traffic

g0dp | Alackhammer cutting up the streat 10 fet away; louder sounds
than 90 dB cause hearing damage

10008 | A personal audio device turned to its maximum volume

11098 | The front row of a rock concert

120dB_| The threshold of physical pain from loudness

How loud you hear a sound depends on both the amplitude of the sound wave
and the response of your ear. The human ear is most sensitive to frequencies
between 500 and 5,000 Hz. These are the same frequencies found in human
voices. An equal loudness curve compares how loud you hear sounds of
different frequencies (Figure 20.3). For example, a 30 dB sound at 2,000 Hz
Sounds just as loud as an 70 dB sound at 70 Hz. Sounds near 2,000 Hz seem less
oud than sounds of other frequencics, even at the same decibel level. Almost no
one can hear sound above 20,000 Hz no matter how large the amplitude is.
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The speed of sound
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You hear the sound of thunder many seconds after you see lightning. Why?
Lighting creates thunder, so these events aceur at the same time. You hear
a delay because sound travels slower than light. The speed of sound in air
is 343 meters per second (about 767 mph) at room temperature (20°C). The.
speed of sound increases as air temperature increases.

Objects that move slower than sound are called Subsonic. A passenger jet is
subsonic because its speed ranges from about 180 to 220 meters per second.
Objects that move faster than sound are called Supersonic. Some military
jets fly at supersonic speeds. If you are on the ground watching a supersonic
plane fly toward you, there would be silence (Figure 20.4). The sound would
be behind the plane.

A supersonic jet “squishes” the sound waves that are created as s nose cuts
through the air. A cone-shaped shock wave forms where the wave fronts.
pile up. In front of the shock wave, there is total silence. Behind the shock.
‘wave, you can hear the noise from the plane. Right at the shock wave the
amplitude changes abruptly, causing a very loud sound called a sonic boom

‘Subsonic motion ‘Supersonic motion

The speed of sound in liquid and solid materials is usually faster than in air
(Figure 20.5). Compared to air, sound travels about five times faster in water,
and about 18 times faster in steel. This is because sound is really a travelling
oscillation of the atoms in a material. Like other oscillations, sound depends
on restoring forces and inertia, only on an atomic scale. The forces holding
steel atoms together in a solid are much stronger than the forces between
molecules in air. Stronger restoring forces increase the speed of sound.

subsonic - motion that is slower
than the speed of sound
supersonic - motion that is
faster than the speed of sound

in air

shock wave - the “piled up”
wave fronts that form in front of a
supersonic object
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Figure 20.4: Ifa supersonic et flew
overhead, you would not hear the sound

until the plane was past you. A shock wave
is the boundary between sound and silence.

Mt e
Air 330
Helium 965
Water 1,530
Wood (average) 2,000
Gold 3,240
Steel 5,940
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