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Introduction 

 Noise can be considered an environmental 

pollutant; a waste product generated in 

conjunction with various anthropogenic activities. 

 Noise is any sound that can produce an undesired 

physiological or psychological effect in an 

individual, & that may interfere with our activities 

(e.g. communication, work, rest, recreation, & 

sleep) 
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 The pollutants in nature are of two kinds: 

a. Mass Residuals: They remain in the environment for 

extended periods of time. 

b. Energy Residuals: examples are 

 The waste heat from manufacturing processes that create 

thermal pollution of our streams  

 The sound waves:  Fortunately it does not remain in the 

environment for extended periods of time. The total amount of 

energy dissipated as sound throughout the earth is small 

compared to the other forms of energy. 
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Why should we care if sound energy is small and does 

not stay long? 

 It is the extraordinary sensitivity of the human ear 

that makes this small amount of energy adversely 

affect us. 

 Noise of sufficient intensity and duration can 

induce temporary or permanent hearing loss, 

ranging from slight impairment to nearly total 

deafness. 
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 Sound waves are extremely small pressure disturbances 

superimposed to a much larger atmospheric pressure. 

 Human ears can detect pressure fluctuations as low as 

20 μPa = 2×10-5 Pa.  

 An annoying sound (e.g. a loud horn) is about 2 Pa, 

which is still much smaller than 1 bar. 

 The human ear only detects pressure fluctuations 

which change at least 20 times per second, i.e. 20 Hz. 

 Sounds of frequencies less than 20 HZ are called 

infrasonic and greater than 20,000 HZ are called 

ultrasonic. 
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Human Hearing and Frequency 

 0     20 Hz               20 kHz   5 MHz  
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 Recognition of noise as a significant environmental 

pollutant has been slow in coming. 

 Why? 

 Noise is a subjective experience 

 Noise has a short decay time (when you start action, the 

noise may no longer exist) 

 Large segments of population accept the additional noise 

as part of the progress price 
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Properties of Sound Waves 

 Sound waves result from the vibration of solid 

objects or the separation of fluids as they pass over, 

around, or through holes in solid objects. 

 Such vibration and/or separation causes the 

surrounding air to undergo alternating compression 

and rarefaction (similar to a piston vibrating in a 

tube). 

 These alternating pressure changes are the sound 

detected by the human ear. 
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…properties of Sound Waves 
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… properties of Sound Waves 

 The rise and fall of pressure at point A will follow a 

cyclic or wave sinusoidal pattern over a period of 

time. 

 The time between successive peaks or between 

successive troughs is called the Period (P) 

 The number of times a peak arrives in one second 

of oscillation is called the frequency (f): 

 P = 1/f 

 The distance between adjacent crests or troughs of 

pressure is called the wavelength (λ): 

 λ= P . c     → λ= c / f  ,    where  c  is the speed of sound 
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… properties of Sound Waves 

 Sound waves travel at a specific speed – the speed 

of sound – which is roughly c =340 m/s in air.  

 This speed depends very little on the frequency of 

the wave: high frequencies, i.e 12 kHz travel as fast 

as a 50 Hz wave. 

 For sound waves, at 50 Hz, the wavelength is about 

5m; at 5kHz, it is about 7cm so there is a significant 

different. 
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… properties of Sound Waves 

 The height of the peak or depth of the trough 

measured from the zero pressure line is called the 

amplitude (A). 

 With –ve and +ve pressures, the average pressure 

will be zero! (regardless of the amplitude) 

 To overcome this difficulty, the root mean square 

pressure (prms) is used instead. 

 prms  is obtained by squaring the value of the amplitude at 

each instant in time; summing the squared values, 

dividing the total by the averaging time; and taking the 

square root of the total. The eqn for the rms is (nxt slide) 
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 →this is also the time-weighted average 

 →T is the time period of the measurement 
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Sound Power (W):  

 Traveling waves of sound pressure transmit energy in the 

direction of propagation of the wave. The rate at which 

this work is done is defined as the sound power (W). 

 This is the acoustics energy emitted by a source 

regardless of the subsequent propagation of the sounds. 

 Sources of sound (a loudspeaker, a hammer drill) have a 

characteristic acoustic power measured in Watts. 
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Sound Intensity (I): 

 The energy produced by the source spreads out in 

space. 

 The sound intensity (acoustic intensity) is the amount 

of sound energy that flows per unit surface. 

 The sound (acoustic)  intensity indicate the amount of 

energy a given surface receives. 

 It is proportional to the square of the sound pressure. 
 I = W / A 

 I = (prms)
2/ρc  I = intensity, W/m2 

    prms = root mean square pressure, Pa 

    ρ = density of medium, kg/m3 

    c = speed of sound in medium, m/s 

    c = 20.05(T)1/2, T = temp. in K, c in m/s 
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Example 

Determine the wavelength of a 125-Hz and an 8000-Hz 
tone at 20oC (68oF) in both metric and English units. 
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Levels and the Decibel 

 Faintest sound pressure a human can hear: 20 μPa 

 The sound pressures perceived by human range from 

20μPa to 200 Pa. 

 Rocket at liftoff:  200 Pa 

 Due to this high range, another scale is used (levels 

instead of pressure values), which is based on the 

logarithm of the ratios of the measured quantities. 

      L’ = level, bels 

      Q = measured quantity 

      Qo = reference quantity 

 The bel turns out to be a rather large unit. So, we use 

the decibel (dB), where one bel = 10 decibels 

oQ

Q
L log
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…levels and the decibel 

 Therefore, levels in decibels (dB) are computed as 

follows: 
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Sound Pressure Level 

 Sound-measuring instruments measure the root mean 

square pressure. 

 Therefore, the sound pressure level (SPL) is computed as 

follows: 

 

 

 

 

 The reference pressure has been established as 20 

micropascals (μPa). 

 Next figure shows some common sound pressure levels. 
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Combining Sound Pressure Levels 

 Decibels don’t add and subtract in the normal way we 

are used to (since they are logarithms). We know that 

adding the logarithms of numbers is the same as 

multiplying them. 

 Example:  What is the result of adding a 60 dB noise to 

another 60 dB noise?  (both of re: 20 μPa) 

 Convert the dB to sound power levels, adding them, and 

converting back to dB. 

  

 

 

     dB 631010log  10 10601060  PL
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Example 

What sound power level results from combining the 

following three levels: 68 dB,  79 dB,  and 75 dB? 

  

 

 

      
  dB 7.80173,365,117log10     

101010log  10 107910751068
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Graph for solving decibel addition 
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… decibel addition 
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Effects of Noise on People 

 

 

 

 


