Sound

» A source, like a speaker, compresses air molecules at regular
intervals, creating differences in pressure over time.

» This creates a longitudinal wave

This wave is moving in this direction >
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Compression Rarefaction

Speed of Sound

» The speed of a sound wave depends on the
medium.

Speed of sound in various substances (CRC Handbook)
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Speed of Sound

» Speed of sound in air =331 m/s @ 0° C

* In air, speed increases 0.6 m/s for each 1°C increases in
temperature

» Velocity at any temperature can be found using: v = 331 + 0.6T,
» Follows all properties of waves including:

v = Af

+ Wavelength, not frequency, changes when a wave changes
speed




The Sound Spectrum

* Humans can hear frequencies between 20 Hz and 20,000
Hz. These are called the audible sound waves.

» Sounds below 20 Hz are called infrasonic.

» Sounds above 20,000 Hz are called ultrasonic.
— Used for medical imaging and echolocation

Audible Range

* Whether we can hear a sound or not depends on the
frequency and intensity of the sound.
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Intensity

» Rate at which the energy of the sound wave strikes a unit
area

P
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Where P is the power in watts and 412 is the area in
square meters.

Sample Problem

+ Calculate the intensity of an electric guitar’'s amplifier at a

distance of 5.0m if its power output is 100 W.
P
I'= [4mR?]
w
__100 1=0318—
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_ 100
~ 314.15




Intensity Level or Loudness

» Depends on the amplitude of the wave

* Measured in decibels (dB)

» 0 dB is the lowest level sound that people can hear 0 dB
=1x10"2 W/m2. (1,)

* Loudness is the relative intensity to this level.
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Sample Problem

+ Calculate the decibel level of an electric guitar’'s amplifier
at a distance of 5.0m if its power output is 100 W.

 01ae 0318
p = 10log({;70-12)

B = 10log(3.18x10%1)

g = 115dB

Decibel Level, Intensity, and Loudness

» Logarithmic relationship

» 10 Decibel increase - increases the intensity by 10 times, and the
sound is approximately twice as loud

» 20 Decibel increase - increases the intensity by 100 times, and
the sound is approximately 4 times as loud

» 30 Decibel increase - increases the intensity by 1000 times, and
the sound is approximately 8 times as loud
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Decibel Level, Intensity, and Loudness
Decibel Increase Intensity Louder
10 dB (10") = 10 times (21) = 2 times
20dB (102) = 100 times (22) = 4 times
30 dB (10%) = 1,000 times (23) = 8 times
40 dB (10%) = 10,000 times (24) = 16 times
50 dB (10%) = 100,000 times (25) = 32 times
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Doppler Shift

 Effect observed when a sound source moves toward you.

» Occurs with all wave motion

» Frequency gradually increases as the source
approaches, then suddenly drops to a lower pitch as the
source passes and moves away.

Doppler Effect

* Here’s why

» The source of the sound actually catches up to its own
sound waves

*Example
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