Sound
Sound pressures generally amount to a very small variation in atmospheric pressure, hence atmospheric pressure is the reference pressure used when determining a value for sound.  It is referred to in the SI base units Newton per square meter (N/m2). The movement of sound waves can be compare to that of ripples from a disturbance in a pool of water, they radiate away from the source in concentric circles and eventually peter out.  This is a suitable analogy other than the fact that sound travels in 3 dimensions, not 2 like the ripples in the pool (imagine spherical waves).
Sound pressure waves might be so small that they are in perceivable; it is not until the pressure increases that it then becomes audible.  For example, if a radio is switched on but the volume is turned all the way down, other than the electricity hum, the radio noise is inaudible, if the volume is then turned up slowly when the noise from the speaker exceeds the atmospheric noise (pressure) in the room then it will become audible.  This is known as the threshold of hearing and for a young adult, this is of the order of 0.00002N/m2 (around 3000Hz).  If the frequencies remain the same as the pressure increases the sound becomes increasingly louder, until it reaches 20N/m2.  At this value the pressure becomes so great that it can be ‘felt’.  For example is a person approaches a jet engine running at maximum power, this is known as the threshold of feeling.
Audible sound ranges between the threshold of hearing and the threshold of feeling, between 0.00002 and 20N/m2.  This corresponds to a ratio of 1 to 1000000, hence for convenience a logarithmic unit is used, the decibel (dB, taken from telecommunications industry).
The internationally accepted reference sound pressure is 0.00002N/m2.  This reference pressure can be increased until the whole range of audible sound pressures can be covered in six steps, each step being 10 times the pressure of the previous step.  Each progression is measured in bels, and there are two bels to each progression.  The measurement range of sound pressures is thus reduced from 1000000 different pressures to 12 bels.
This gives a very small classification range that covers too wide a range, so to overcome this each bel is divided into 10 units (decibel), hence the entire range of pressure from the threshold of hearing to the threshold of feeling is covered by 120 decibels.







Table 1 below shows that a sound pressure level (S.P.L) of 80dB is equivalent to a sound pressure of 0.2 N/m2 and is not in fact twice the sound pressure of 40 N/m2 but 100 times greater (0.2 N/m2 compared with 0.002 N/m2) and so it is a logarithmic scale.

	Sound Pressure (N/m2)
	Sound Source
	S.P.L. (dB)
	Sensation

	20 (Threshold of feeling)
	Machine shop
	120
	Extremely loud

	
	Pneumatic drill (1m)
	110
	Very loud

	2
	Siren (5m)
	100
	Very loud

	
	Heavy lorry
	90
	Loud

	0.2
	Workshop
	80
	Loud

	
	Radio
	70
	Loud

	0.02
	Normal conversation (1m)
	60
	Moderate

	
	Quiet office
	50
	Quiet

	0.002
	Library
	40
	Quiet

	
	Rustling paper
	30
	Very quiet

	0.0002
	Quiet church
	20
	Faint

	
	‘Sound proof’ room
	10
	Very faint

	0.00002 (Threshold of hearing)
	Silence
	0
	Inaudible



Table 1: Sound pressure levels.





The problem of loudness
The physical characteristics of a sound can be measured by an instrument; however no instrument can distinguish between a pleasant sound and an unpleasant noise.  Only human reaction can differentiate between a pleasant sound and noise, and human reaction is subject to prejudices.  It is also important to remember that loudness is affected by the frequency of the emission.  A sound of constant pressure can seem quieter or louder by changing its frequency. A sound at constant pressure of say 60dB, will seem quieter at 100Hz than at 1000Hz.

So how do atmospheric conditions affect the speed of sound?................................................
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Reverberation
As stated previously sound waves spread out in all directions from the emission source, consider a television where sound will spread out to all parts of the room, floor, ceiling, walls, doors and windows. These surfaces will then reflect the sound and reverberate it around the room, continually creating a poor acoustic environment. Once the set is switched off the sound will dissipate.   This reverberation will effectively increase the sound pressure in the room by as much as 5-10 dB.  Thus this effect can cause transmission out of the room to other undesired locations.
As an example, the sound pressure level produced by a machine might be measured at a distance of 3 m as 84 dB, in the open air, but this might be as high as 94dB in a room having bare plaster walls and ceiling and a concrete floor with no absorbent materials.  A noise nuisance might be abated with the introduction of absorbent materials therefore decreasing the amount of sound there is to be transmitted.  It must be noted that the reduction of sound by absorption can never be greater than 10 dB and is often much less, which is why it is better to insulate noise rather than absorb it.  Absorption of sound by a material means that the sound is not being reflected from the surface.  Insulation means a sound transmission loss.
Table 2 shows examples of properties of materials:
	Material
	Absorption (%)
	Insulation (dB)

	25mm of fibreglass
	80
	4

	25mm of fibre wool
	70
	6

	0.82mm sheet steel
	3
	24

	115mm brick wall
	3
	45


Table 2: Material sound properties








[bookmark: _GoBack]Town and site planning considerations
When developing new industry there are a number of issues that need to be considered, the main one being the effect of possible disruption to local businesses and residents.  Where ever possible it is common that heavy industries are grouped together away from residential areas, however in major cities it is now common for businesses to set up on Brownfield sites meaning that this is not always possible.
With proposed factory /industrial development the following points should be considered.  
a. The type of area in which the development is to take place.
b. The time of day or night when noise is likely to occur.
c.  The probable noise levels of business activities.
d. The noise levels due to associated transport.
e. The existing noise levels in the area.
f. The likely duration of any noise.
g. Plans for insulation for the buildings.

For those businesses that must locate near residential areas the following may be considered.
a. Orientating noisy business activities away from the residents.
b. Locate quieter business activities, such as storage, warehouses and offices nearer the residential area.
c. House noisy processes in one building that is suitably insulated.
d. Transportation of goods to and from should be given a clear route in or out of the location and should be carried out in the daytime.  Loading bays should be screened to prevent noise travelling.
e. Where appropriate construction of a noise insulating perimeter wall should be carried out.
f. All other noisy activities such as loudspeakers, radios, air conditioning and compressors should be appropriately managed.
             (Duerden. C, 1970)

