Chapter 11- Sound Waves

THE NATURE OF SOUND

11.1 The Sonic Spectrum

· Sound is a longitudinal wave.

· The frequency range is very large.

· The upper limit of the sonic spectrum is well defined, but there is no clearly defined lower limit.

· At ordinary temp. & pressure, the upper range is 109 Hertz in a gas.

· Within the sonic spectrum lies the region in which the human can hear called sound.
· The audible range of frequencies is called the audio range or audio spectrum (20-20,000 Hz).

· Compression waves above the audio range are referred to as ultrasonic, those below are infrasonic.

11.2 The Production of Sound

· A sound is produced by the initiation of a succession of compressive & rarefactive disturbances in a medium capable of transmitting these disturbances.

· The wave energy is passed along to adjacent particles as the periodic waves travel through the medium.

· Vibrating elements such as:

· reeds (clarinet, saxophone)

· strings (guitar, vocal cords)

· membranes (drum, loud speaker)

· air columns (pipe organ, flute)

    initiate sound waves.

· Figure 11-2 & Figure 11-3

· Variations in the work done in setting the reed in vibration alter the amplitude of the vibration but not the frequency.

· The greater the energy of the moving reed, the greater is the amplitude.

11.3 Sound Transmission

· To produce sound waves, we must have:

· a source that initiates a mechanical disturbance

· elastic medium through which the disturbance can be transmitted.

· Most sounds come to us through the air.

· Sound does not travel through a vacuum; it is transmitted only through a material medium.

· Speed of sound:

· gases < liquids < solids

11.4 The Speed of Sound

· ex. thunderstorm, starter’s gun

· The speed of sound in air is 331.5 m/s at 0oC.  This speed increases with temperature about 0.6 m/s per degree Celsius.

· The speed of sound in water is about 4 x the speed in air.

· In water at 25oC sound travels about 1500 m/s.

· In some solids, the speed of sound is even greater.

· The speed of sound varies with the temperature of the transmitting medium.

11.5 The Properties of Sound

· 3 physical properties of sound waves: (effect on the ear)

· intensity (loudness)

· frequency (pitch)

· harmonic content (quality)

11.6 Intensity & Loudness

· I = P/A    

· I = intensity in W/m2, P = power in watts, A = area in square meters

· The intensity of a sound wave of given frequency is dependent on its amplitude; it is proportional to the square of the amplitude.

· Sound waves that emanate from a point source & travel in a uniform medium spread out in a spherical pattern.  

· The area of the expanding wave front is directly proportional to the square of its distance from the source.

· The intensity of the wave diminishes as it moves away from the source.

· In general, sound waves of higher intensity are louder, but the ear is not equally sensitive to sounds of all frequencies.

· While the intensity of a sound can be directly measured with instruments, the loudness can not, as it depends on the subjective judgment of the listener.

11.7 – Relative Intensity Measurements

· 1000 Hz = average faintest audible sound = threshold of hearing = 10-12 W/m2
· The intensity of sound is compared to the threshold of hearing called the relative intensity of sound.

· It is a logarithmic scale!

·  = 10 log I/Io

·  = relative intensity in decibels (dB), I = sound intensity, Io = intensity of threshold of hearing

· decibel = 0.1 bel, named for Alexander Graham Bell (1847-1922) who invented the telephone.

· relative intensity in bels = log I/Io

· The lower frequency is called the lower limit of audibility and the higher frequency the upper limit of audibility.

· Figure 11-6   p. 259

· At the lower & upper limits of audibility, the intensities of sound waves must be greater to be heard.

· The upper curve, threshold of pain, indicates the upper intensity level for audible sounds. At 1000 Hz = 100 W/m2
11.8 Frequency & Pitch

· The frequency of a sound determines its pitch.

· It is the pitch that allows us to assign the sound its place in the musical scale.

· Noise is characterized by a random mixture of frequencies.

· octave = frequencies in a ratio 2:1

· major chord = ratio of 4:5:6:8

· Tone is the pleasing quality of the sound whereas pitch is the fundamental frequency.
11.9 Doppler Effect

· 2 situations:

· source moving & listener is stationary

· listener is moving & source is at rest

· In both, the steady pitch of the sound heard by the observer is higher than the actual frequency as the distance decreases at a constant rate.

· The steady pitch of the sound heard is lower than the actual frequency as the distance increases at a constant rate.

· moving source, stationary listener:

· f = fs (v/v +- vs)

· stationary source, moving listener:

· f = fs (v +- vl/v)

· v = velocity of sound in the medium

· ex. = radar detectors, astronomy

