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• Noise – definition & history

• Properties of sound waves

• Sound power and intensity

• Sound levels

• Sound rating systems

• Noise control
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• Unwanted sound

• Any sound independent of loudness that can 

produce an undesired physiological or psychological 

effect in an individual, and that may interfere with 

the social ends such as communication, work, rest, 

recreation and sleep, of an individual or group.
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• BC 800s, Old Greek City Sybaris: noise zoning for factories

• BC 44, Rome (Julius Caesar): “no one shall drive a wagon 

along the streets of Rome or along those streets in the 

suburbs where there is continuous housing after sunrise or 

before the tenth hour of the night”

• AD 1595, London: forbids any “sudden out-cry… in the still of 

night, as making any affray, or beating his wife, or servant, or 

reveling in house, to the disturbance of his neighbors”

• After industrial revolution, noise pollution became quite 

significant

4



5



• Noise is a subjective experience

• Noise has a short decay time and does not remain in 

the environment for extended periods

• Effect of noise in human are subtle and insidious

• Noise has been associated with many technological 

advances � people tended to accept the additional 

noise as part of the “price” of the progress
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• 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

• The vibration or separation 

causes the surrounding air to 

undergo alternating 

compression and rarefaction

• The alternating pressure 

changes in the air are 

detected by the human ear
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P = period [T]

f = frequency [T-1]
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� λ = wavelength [L]

c = speed of the sound [L/T]

• Magnitude of the sound wave

– Amplitude, A: the height of the peak or the depth of the trough

– root mean square sound pressure (prms): averaging the peak 

magnitude [Pa]
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p(t) = magnitude at time t [Pa]

tm = time period of measurement [T]



• Sound power (W): the energy transmitted (=the work 

done) by the sound at a unit time

• Sound intensity (I): the time-weighted average sound 

power per unit area normal to the direction of wave 

motion
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�� I = sound intensity (in Watt./m2)

W = sound power (in Watt.)

A = area normal to the direction of wave motion  [L/T]

ρ = density of medium (in kg/m3)

� = 20.05 ��
in air at 1 atm (T = absolute temp.)



• The sound has a large range of magnitude: a healthy 

individual can hear down to about 0.00002 Pa & a rocket 

noise can be up to more than 200 Pa at liftoff

� better use a logarithmic unit!

• Level: a scale based on the logarithm of the ratios 

between the measured and the reference quantity
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L’ = level (in bels)

Q = measured quantity;   Qo = reference quantity

• Decibels (dB): a unit obtained by dividing a bel to 10 

subunits
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• Sound power level: ref = 10-12 W 

• Sound intensity level: ref = 10-12 W/m2
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• Sound pressure level: ref = 20 μPa
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Q: If three sounds having power levels of 68 dB, 79 dB, 

and 75 dB, respectively, are combined, what sound 

power level will result?
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• Our major interest is human reaction to sound, not 

the physical properties

• How loud it sounds to human is not related only to 

sound pressure level but, also to sound frequency

• Sound level meters employ “weighting networks” to 

address this issue

• Weighing network: electronic filtering circuits built 

into the meter to attenuate certain frequencies �

the meter responds more to some frequencies than 

to others
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• Three weighting 

characteristics: A, B, C

– A: very low frequencies are 

severely filtered

– B: very low frequencies are 

moderately filtered

– C: very low frequencies are 

hardly filtered at all

• Sound level units: dB(A), 

dB(B), dB(C)
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Q: Determine the sound levels of dB(A), dB(B), and 

dB(C) for a sound pressure level of 60 dB having 

frequencies of  100, 1000, and 10000 Hz.
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• To quantify the noise exposure at a certain period of 

time

• The LN Concept: “how frequently a particular sound 

level is exceeded”

– ex: L40 = 72 dB(A) � 72 dB(A) was exceeded for 40% of the 

measuring time

• The Leq concept: “a constant noise level that, over a 

given time, expends the same amount of energy as 

the actual sound over the same period”
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• The Leq concept
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Leq = the equivalent continuous equal energy level (in dB)

n = the total numbers of samples taken

Li = the noise level of the ith sample (in dB)

ti = fraction of total sample time (unitless)



Q: A noise level of 90 dB(A) existed for 10 min followed 

by a reduced noise level of 70 dB(A) for 30 min. What is 

the equivalent continuous equal energy level for the 

40-min period?
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Source Standard values (in dB(A))

Daytime

(06:00 – 22:00)

Nighttime

(22:00 – 06:00)

Direct impact noise 

(직접충격소음)

Leq for 1 min 43 38

Lmax* 57 52

Air-transmitted noise 

(공기전달소음)

Leq for 5 min 45 40

Korean regulation level for inter-story noise

* Regulation level is exceeded when the noise exceeds Lmax for at least three times within an hour



• Inverse square law
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445� I = sound intensity (in W/m2)

W = sound power of source (in W)

r = radial distance from the source (in m)

For a point source of sound,
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For a line source of sound (ex: highways), 

�)� = �)� − 10 !"��
5�
5�

Lp1 & Lp2 = sound pressure level (in dB) at 

distances r1 & r2 from the source



• Source-path-receiver concept

– Sound arises from a source;

– Travels over a path;

– Affects a receiver

• So, the solutions can be

– Modifying the source to reduce its noise output;

– Altering or controlling the transmission path and the 

environment to reduce the noise level reaching the 

receiver;

– Providing the receiver with personal protective equipment
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• Control of noise source

– Reduce impact forces

– Reduce speeds and pressures

– Reduce frictional resistance

– Reduce radiating area

– Reduce noise leakage

– Isolate and dampen vibrating elements

– Provide mufflers or other silencers
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• Noise control in the transmission path

– Separation

– Absorbing materials

– Acoustical lining

– Barriers and panels

– Enclosure

• Protecting the receiver (when all else fails)

– Alter work schedule

– Use ear protection devices
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Textbook Ch. 15, 750-758; 770-772; 781-785.
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Slide#17 solution)

i) 100 Hz

A = -19.1, B = -5.6, C = -0.3

� 49.9 dBA, 54.4 dBB, 59.7 dBC

ii) 1000 Hz

A = 0, B = 0, C = 0

� 60 dBA, dBB, dBC

iii) 10000 Hz

A = -2.5, B = -4.3, C = -4.4

� 57.5 dBA, 55.7 dBB, 55.6 dBC
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