SOUND

Explain sound as the transmission of energy via longitudinal waves

Production of Sound

Sound is produced when a vibrating source such as a tuning fork or loudspeaker, alternately “squashes” and “relaxes” the nearby air.  This increase and decrease in air pressure is passed to nearby regions of air until the variation in air pressure reaches a detector, such as an ear or a microphone, causing it to vibrate.

The energy associated with the sound wave is slowly absorbed by the atoms and molecules as the sound wave passes through the air.

Nature of Sound
Sound is an example of wave motion.  Wave motion can be described as “energy transfer without matter transfer”.  Sound energy passes from a tuning fork to your ear by the small, but alternating, increases and decreases in air pressure.  When there is a local increase in air pressure, the gas pushes outwards creating regions of increased air pressure.  This way the disturbance travels through the gas.  The variation in air pressure is in the direction that the wave is travelling.
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Compression
Rarefaction

Nature of Sound Waves

The area of space where there is an increase in pressure is called a COMPRESSION and the area where there is a decrease is called a RAREFACTION.

This mode of vibration is called LONGITUDINAL.  Since the vibration is longitudinal, sound waves will travel through solids, liquids and gases, but not a vacuum!, as sound needs a medium.  
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    A snap shot of a Sound Wave
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Mathematically model the relationship between wavelength, frequency and speed of propagation of sound waves as, v=f 

Characteristics of Sound Waves 

Because the vibration at the source is regular, the variation in pressure is regular or periodic.  The features that describe regular variation are:-

Definition

Quantity
Unit
Symbol

The time for the pressure to go through one cycle:
Period
seconds
T

The number of pressure cycles every second
Frequency
Hertz
f

How much local pressure increases

Press Amplitude
Pa
A

How far the wave travels in one second
Speed
m/s
v

Audible frequency range: 20Hz - 20,000 + Hz

Pressure Amplitude is the maximum increase or decrease in pressure from normal atmospheric pressure.  Pmax = 0.0003 atm.

The faintest sound has a pressure variation of one part in 5 billion.

If a snapshot is taken of a sound wave, then the compressions and rarefactions will appear evenly spaced.  The distance between two compressions, for example, is called the WAVELENGTH.

Definition

Quantity
Unit
Symbol

Distance between two points in phase
Wavelength
cm, m


Pitch is the name given to the human sensation associated with frequency.  Sounds of different frequency have different pitch, but under conditions of high frequency and high loudness, the brain can be deceived, i.e. notes with different frequency will have the same pitch or a louder sound of the same frequency will have a different pitch.

Wave Equation
As with any moving object the speed of sound is given by 

Speed  =  
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Frequency depends on the source.  Speed depends on the medium.

Explain the difference between sound Intensity (Wm-2 ) and sound intensity level (dB); 

Calculate sound intensity at different distances from a source using inverse square law; 

Another important of sound is how loud it is, but as with pitch this is a subjective measure.  The equivalent physical measurement is called the Intensity, which is the amount of sound energy that passes through an area such as your ear drum every second.

Definition

Quantity
Unit
Symbol

Energy per second per unit area

Intensity
Watts/sq. m
I

When someone speaks or plays an instrument, the sound energy they produce spreads out in all directions, like light from the sun.  This means that the intensity, and the loudness, gets weaker the further your distance from the source.  In fact, when the size of the source is small compared with your distance from it, the Intensity varies inversely with the square of the Distance.  
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EMBED Equation [image: image5.wmf], i.e. if your double the distance from the source, the intensity will reduce by 
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dB Values

The range of intensities that the human ear can respond to is extremely large.  The softest sound is 

10-12 Wm-2.  The pain threshold is 100 Wm-2.  To accommodate this large range a scale based on ratios is used.  The scale is called the dB scale.  The dB value of an intensity is 10 times the log of the ratio of the intensity to the softest intensity.

dB value = 10 log
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, where Io = 10-12 Wm-2.

Some typical dB values are conversation (35 - 60 dB), motor mower (95 -105 dB).

Interpret frequency response graphs of microphone, speakers, simple sound systems and hearing including loudness (phons)

Frequency Response graph

The human ear does not detect all frequencies equally well.  The low and high frequencies need a larger intensity to be hard at the same level of loudness as the mid range frequencies.  For example a note of 100 Hz would need to be at 55dB to sound as loud as a not of 1000Hz at 20dB.  Each contour of equal loudness corresponds to a particular phon level, which is set by the dB level at 1000 Hz.
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Interpret qualitatively the directional spread of various frequencies in terms of different gap width or obstacle size including the significance of the magnitude of the /w ratio;

Diffraction of waves such as sound is the spreading out of the wave as it passes through a narrow gap or around a small object.  Such a gap may be the open door to a rehearsal room or the open end of a trumpet.  A small object could be your head or a tree.

The amount of spreading increases with wavelength and decreases with the size of the gap or object.



Amount of spreading 
[image: image9.wmf]w

size

gap

wavelength

l

=

µ


The lower frequency of a tuba or a woofer speaker needs a larger opening than a trumpet or a tweeter to achieve the same amount of spreading.  Also, the locating a sound source is difficult for low frequencies with wavelengths comparable to the dimensions of the head.
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Explain resonance in terms of superposition of a travelling sound wave and its reflection;
When two sound waves pass through the same region of space, the combined effect is obtained by just adding together of the two amplitudes.  This is called superposition.  When two compressions combine they give a double compression, when a compression and a rarefaction meet, they cancel each other out.  The first example is called reinforcement or constructive interference and a louder sound is produced, and the second example is called cancellation or destructive interference which produces a softer sound.
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Analyse, for strings and open and closed resonant tubes, the fundamental as the first harmonic and subsequent harmonics;

Another example of Superposition and Interference is Standing Waves.  In this case the second sound source is a reflection of the first.  This occurs in musical instruments.  In a violin, the vibration caused by the bow travels along the string to the fixed end and reflects back, interfering with the original waves that are still travelling down the string.

Similarly in a wind instrument the vibration caused by the lips or reed travels through the air in the column and reflects off the open end, and then interferes with the original waves that are still travelling down the air column.

The excitation of the instrument, i.e. the bowing or the blowing, produces a range of frequencies.  The interference as the sound is reflected backwards and forwards means that only certain frequencies are enhanced, with all the others diminished.  This is the phenomenon of Resonance.

The physical dimensions of the instrument, e.g. the length, determine the frequencies at which the instrument will resonate.

Another example of resonance is when a tuning fork is placed over an adjustable air column.  At certain lengths the sound will become louder because the natural frequency of the air column matches the driving frequency of the tuning fork.

Modes of Vibration in a Stretched String

At each end the string is fixed and cannot move.  This means that a crest coming down the string is reflected as a trough, that is, there is a change of phase.  The crest and trough, in a sense meet at the fixed end and therefore cancel each other out.  This means that the fixed end in a string is a point of destructive interference and is called a Node.  The different modes are described below.  Between each node is an Antinode, this is a point of maximum vibration, where crest meets crest or trough meets trough and produces reinforcement, constructive interference and in called an Antinode..  The wavelength is the distance between alternate nodes, or conversely, the distance between adjacent nodes is half the wavelength.

The simplest mode of vibration is called the Fundamental and is the lowest frequency.  The other modes are called overtones and have higher frequencies that are all the multiples of the fundamental frequency.
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Wavelength = 2 x l.  Freq = 
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Wavelength = l.  Freq = 
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Modes of Vibration in Air Columns

Sound waves are longitudinal waves and so reflect in the opposite way to transverse waves on stretched strings.  Also the vibration of an air column is complicated by the fact that the end of the air column can be open or closed.  To produce an audible sound one end must be open, so the two alternatives are “open at both ends” and closed at one end”.

At an open end a compression travels down the confined air column and meets the open air, the increased pressure in the compression spreads out into the open air and creates a rarefaction which then travels back up the air column.  This reflected rarefaction is out of phase with the incoming compression, so cancellation occurs at an open end of an air column.  the air is now at normal atmospheric pressure.  This means the open end is a Pressure Node.

At a closed end a compression travels down the air column and hits the closed end and reflects as a compression. There is no change of phase, so when the reflected compression meets the incoming compression, reinforcement occurs.  This means the closed end is a Pressure Antinode.  At the closed end, the molecules at the closed end are alternatively squashed and then eased with the maximum variation in pressure at the pressure antinode.

Open ended Tube

Pressure patterns for an open-ended tube are the same as the displacement patterns for a stretched string with a Node at each end.

Closed End Tube

The closed end tube has an antinode at one end and a node at the other.




Pressure Mode

Wavelength = 4 x l. Freq = 
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Wavelength = 
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Note that in this case, only the odd frequencies are present.

explain qualitatively, in terms of electrical and electromagnetic effects, the operation of

–
microphones, including electret-condenser, crystal, dynamic and velocity microphones

Dynamic microphones: The compressions and rarefactions push and pull on a diaphragm attached to a coil of wire.  The coil of wire oscillates inside a magnetic field. The changing magnetic flux through the coil induces a voltage that matches the pressure variations.

Crystal microphones use a piezoelectric crystal that generates a voltage when it is subject to pressure.

Electret condenser microphones consist of a capacitor with a piece of electret, a piece of plastic with one side charged positive and the other side charged negative, placed on one plate between the plate and the diaphragm.  The changing air pressure on the diaphragm produces a changing voltage form the terminals of the capacitor.

Velocity or ribbon microphones have a small, thin corrugate sheet of aluminium in a strong magnetic field The variation in the air pressure causes the sheet to move, which is equivalent to a moving conductor in a magnetic field and so a voltage is produced.

explain qualitatively, in terms of electrical and electromagnetic effects, the operation of

–
dynamic loudspeakers;

Loudspeakers are dynamic microphones in reverse.  The voltage signal from the amplifier is fed into a coil inside a magnetic field.  The coil oscillates with the variation of the voltage.  The coil is connected to a large diaphragm which can push forward creating a compression or pull back creating a rarefaction.

Explain qualitatively the effects for loudspeakers of baffles and enclosures;

A speaker by itself on the bench does not produce a much volume.  When the diaphragm pushes forward to create a compression in front, it is also creating a rarefaction behind it.  If both the compression and rarefaction can easily travel to the listener, they will produce partial cancellation and a poor sound.

A baffle increases the length of the air path of the back signal within the speaker before it reaches the outside.  This delays the signal and also diminishes its amplitude by repeated reflections within the speaker cabinet.

Some speakers have the air space fully enclosed, so that no sound can get out.

Interpret frequency response curves of microphones, speakers, simple sound systems and hearing;

As with the human ear, microphones, speakers and amplifiers don’t have a uniform frequency response.  Their frequency response curves are also presented in a similar way with a logarithmic scale on the frequency axis and the use of dB values.  The curve indicates the dB value at each frequency.

[image: image35.jpg]T8 3 ¢




Evaluate the fidelity of microphones and loudspeakers in terms of purpose, frequency response and, qualitatively, construction;

For a sound system to accurately reproduce the original sound, the microphone needs to have a flat response over the frequency range of human hearing.  Similarly the loudspeaker needs to a flat response.  However this is difficult to achieve with one speaker across the frequency range.  To solve this problem most speaker assemblies have about three speakers, each to pick up part of the frequency range.  A tweeter produces high frequency sounds, a woofer produces low frequency and a mid-range speaker looks after the middle frequencies.
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