Two stones struck together under water can be heard by a swimmer
beneath the surface, for the vibrations are carried to the ear by the water. When
you put your ear flal against the ground, you can hear an approaching train or
truck. In this case the ground does not actually touch your eardrum, but the
longitudinal wave transmitted by the ground is called a sound wave just
the same, for its vibrations cause the outer ear and the air within it to vibrate.
Clearly, sound cannot travel in the absence of matter. For example, a bell
ringing inside an evacuated jar cannot be heard, and sound cannot travel
through the empty reaches of outer space.

The speed of sound is different in different materials. In air at 0°C and
1 atm, sound travels at a speed of 331 m/s. The speed of sound in various mate-
rials is given in Table 12—1. The values depend somewhat on temperature,
especially for gases. For example, in air near room temperature, the
speed increases approximately 0.60m/s for each Celsius degree increase
in temperature:

v == (331 + 0.60T) m/s,

where T is the temperature in “C. Unless stated otherwise, we will assume in

this Chapter that T = 20°C, so » = [331 + (0.60)(20)] m/s = 343 m/s.

CONCEPTUAL EXAMPLE 12-1 | Distance from a lightning strike. A
rule of thumb that tells how close lightning has hit is, “one mile for every five
seconds before the thunder is heard.” Justify, noting that the speed of light is
so high (3 > 108 m/s, almost a million times faster than sound) that the time
for light to travel is negligible compared to the time for sound.

RESPONSE The speed of sound in air is about 340m/s, so to travel
I km = 1000 m takes about 3 seconds. One mile is about 1.6 kilometers, so the
time for the thunder to travel a mile is about (1.6)(3) = 5 seconds.

| EXERCISE A What would be the rule of thumb of Example 12-1 in terms of kilometers?

Two aspects of any sound are immediately evident to a human listener:
“loudness™ and “pitch.” Each refers to a sensation in the consciousness of the
listener. But to each of these subjective sensations there corresponds a physically
measurable quantity. Loudness is related to the intensity (energy per unit time
crossing unit area) in the sound wave, and we shall discuss it in the next Section.

The pitch of a sound refers to whether it is high, like the sound of a piccolo or
violin, or low, like the sound of a bass drum or string bass. The physical quantity
that determines pitch is the frequency, as was first noted by Galileo. The lower the
frequency, the lower the pitch; the higher the frequency, the higher the pitch.” The
hest human ears can respond to frequencies from about 20 Hz to almost 20,000 Hz,
(Recall that 1 Hz is 1 cycle per second.) This frequency range is called the audible
range. These limits vary somewhat from one individual to another. One general trend
is that as people age, they are less able to hear high frequencies, so the high-
frequency limit may be 10,000 Hz or less.

Sound waves whose frequencies are outside the audible range may reach the
ear, but we are not generally aware of them., Frequencies above 20,000 Hz are called
ultrasonic (do not confuse with supersonic, which is used for an object moving with
a speed faster than the speed of sound). Many animals can hear ultrasonic frequen-
cies; dogs, for example, can hear sounds as high as 50,000 Hz, and bats can detect
frequencies as high as 100,000 Hz. Ultrasonic waves have a number ol applications
in medicine and other fields, which we will discuss later in this Chapter,

"Although pitch is determined mainly by frequency, it also depends to a slight extent on loudness,

For example, a very loud sound may seem slightly lower in pitch than a quict sound of the same
frequency.

SECTION 12-1

TABLE 12-1 Speed of
Sound in Various Materials
(20°C and 1 atm}

Material Speed (m/s)
Air 343
Air (0°C) 331
Helium 1005
Hydrogen 1300
Water 1440
Sea water 1560
Iron and steel = 5000
Glass = 4500
Aluminum =5100
Hardwood = 4000
Concrete == 3000

Speed of sound in air

(A)PHYSICS APPLIED
Henw far away is the lightning?

Lowdness

Pitch

Audible frequency range

’CAUTION

Do not confuse
ultrasonic (high frequency)
with supersonic (high speed)
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