Protecting us from Noise

An EU approach to noise measurement
The Directive on Environmental Noise (Directive 2002/49/EC)
set out a common approach across the EU to reduce the harmful
effects of environmental noise. It also outlined a common
approach to the measurement and
control of environmental noise.
The ‘noise’ in question results
from human activities such as
transport and industry. It does not
deal with noise from neighbours,
noise in the workplace, noise within
vehicles or indeed the barking of
dogs at night.

Putting a price on noise
Noise is unwanted sound. Loud continuous noise makes conversation
difficult; it causes annoyance and can adversely affect a person’s health.
More than 30% of the European population experience noise levels that
disrupt sleep or speech, and 20% are regularly exposed to noise levels
that scientists consider an unacceptable health risk. However, Ireland
has a relatively low level of
complaints
about
noise
disturbance compared to other
countries in the EU, where
most sleep disturbance and
annoyance are associated with
road traffic noise, and to a
lesser extent with rail and
airport activity. While it can be
difficult to put a price on the
social cost of noise, one report
(den Boer & Schroten. 2007.
Traffic noise reduction in
Europe. p. 21) estimates the Traffic contributes significantly to city
noise
yearly social cost of noise in
Europe at €38 billion.

Sound
Our ears detect rapid air pressure variations. If the variations are regular
we perceive the sound as a note. In general we can hear notes in the
range 16 hertz to 16,000 hertz (i.e. 16 kHz). One hertz (1 Hz) means one
(vibration) per second. Low frequency ‘sounds’ (below 16 Hz) may not be
directly audible but may cause windows or indeed buildings to vibrate. If
the sound is loud enough and matches the resonant frequency of a
building it can even cause structural damage.

Measuring sound
Sound involves vibration of material and may be transmitted through
solids, liquid or gas. It involves physical movement of the particles
(atoms or molecules) of which materials are composed. The particles
move over and back along the direction of propagation of the sound.
Although the movement is tiny (generally a fraction of a millimetre) the
disturbance of the medium carries energy. In this sense we can say that
sound is a form of energy. The intensity of sound is usually expressed in

terms of watts per square
metre. One watt of sound
propagated equally in all
directions would produce
an intensity of just 20 mW/
m2 at a distance of 2 metres
and only 0.2 mW/m2 at a
distance of twenty metres.
[1 W / (50.26 m2) = 0.1989
W m−2 = 20 mW m−2 ]

In order to match the frequency response of the human ear, sound level
meters are generally designed to respond more to frequencies in the
range 2 to 4 kHz, to which our ears are more sensitive, rather than to the
low or high extremes. The units of this A-weighted scale are written as
dB(A).
Suppose the intensity level is 80 dB at a distance of 10 m from a point
source. If the distance is doubled, i.e. increased from 10 m to 20 m, the
intensity will be 4 times less, and the relative decrease in intensity in
decibels is 10 log 4, i.e. approximately 6 dB. Therefore, the intensity level
at 20 m is (80 – 6) = 74 dB. A drop of 6 dB means that the sound energy
is approximately quartered. A drop of 3 dB would mean that the sound
energy is approximately halved (10 log 2 ≈ 3).

Because the range of human hearing is so wide a logarithmic loudness
scale is more practical than a linear one. The human ear is very sensitive
and can detect sound intensities as small as one picowatt per square
metre (one millionth of a millionth of a watt per square metre). This level
is given a value of zero on the decibel (dB) scale. A sound that is ten
times louder than this would be 10 dB and a sound that is a million times
louder would be 60 dB; this is still only one millionth of a watt per square
metre or one microwatt per square metre (1 µW m−2) and approximates
to the sound intensity of normal speech.

Exposure to sound intensities well below 100 dB (0.01 W/m2) can damage
a person’s hearing. This applies to environmental noise as well as to
audio systems. Many audio equipment manufacturers limit the output
levels to 85 dB.

Sound intensities above 120 dB (i.e. 1 W m−2 or about a million times
more powerful than normal speech) are likely to damage a person’s ears.

Diffraction of sound

Our ears are not equally sensitive to all frequencies and so our perception
of loudness is rather subjective; for this reason an objective measurement
is required.

Sound

Sound levels and hearing loss

As well as reflection, sound exhibits other wave-like characteristics.
Waves diffract around the edge of obstacles to an extent that depends
on the wavelength. Since lower frequencies have longer wavelengths
they bend around corners to a greater extent. Higher frequencies are
diffracted to a lesser extent and are also more easily absorbed. For these
reasons traffic noise in side streets away from a busy thoroughfare
becomes a kind of rumble in which low frequencies predominate.

dB

W/m2

0

1 ×10 -12

A rustling leaf

10

1 ×10 -11

Getting used to noise

A pin drop

20

1 ×10 -10

A whisper

30

1 ×10

A quiet library

40

1 ×10 -8

Soft music

50

1 ×10 -7

Normal speech at 1 m

60

1 ×10 -6

To some extent we can become accustomed to noise. For example,
people who live near railway lines get used to the sound of trains and
after a few weeks they hardly notice noise levels that were initially
disturbing. However it may still affect normal communication and health.
Road traffic may not be as noisy as trains but because it is often more
persistent it can have a greater impact on the quality of people’s lives.

A busy restaurant

70

1 ×10 -5

Noisy traffic

80

1 ×10 -4

Large truck at 10 m

90

1 ×10 -3

Threshold of hearing

Disco speakers at 1 m

100

0.01

A chainsaw at 1 m

110

0.1

Threshold of discomfort

120

1

Threshold of pain

130

10

A jet aircraft at 50 m

140

100

-9

Table of decibel values and sound intensities

Sound meters
Sound meters typically display sound pressure levels rather than sound
intensity levels. The sound intensity level is proportional to the square of
the sound pressure level (SPL); if the pressure changes by a factor of 10
the sound intensity changes by a factor of 100. In other words, if the SPL
changes by 10 dB the sound intensity changes by 20 dB. The zero on the
SPL scale corresponds to 2 × 10−5 Pa.

Interestingly, because we expect cars to be noisy, the low noise level of
electric cars is regarded as a hazard.

How to make a difference
There are many ways to contribute to a quieter environment:
•

Deliberately select quieter ways of working, quieter cars and quieter
machinery;

•

Ensure that exhausts are ﬁtted with proper ‘silencers’

•

Use sound insulation and sound barriers where feasible

•

Arrange workplaces so that noise from equipment is separated from
people as much as possible.

•

Limit the time people must spend in noisy areas or using noisy
equipment

•

Ensure that ear protection is used where appropriate

•

Be aware of the harmful effects of noise and contribute to decisionmaking processes relating to environmental noise.

The Environmental Protection The EPA (EPA)
The Environmental Protection Agency administers a wide range
of licensing, enforcement, assessment and monitoring
activities. The Office of Environmental Enforcement (OEE),
which operates under the control and direction of the Board of
the EPA, is dedicated to the implementation and enforcement
of environmental legislation in Ireland.
Noise Guidance Notes
The EPA has published several noise guidance notes to date.
In 2011 the EPA published ‘Guidance Note on Noise Assessment
of Wind Turbine Operations at EPA Licensed Sites’ (NG3). It
deals with development of a standardised noise impact
assessment methodology to allow The EPA licensed sites to
assess the impact of wind energy proposals on noise sensitive
locations, i.e. “any dwelling house, hotel or hostel, health
building, educational establishment, place of worship or
entertainment, or any other installation/facility or area of high
amenity which for its proper enjoyment requires the absence of
noise at nuisance levels”.
In June 2012 the EPA published ‘Guidance Note for Noise:
Licence Applications, Surveys and Assessments in Relation to
Scheduled Activities’ (NG4) which updated publications of
2003 and 2006. It provides acoustic guidelines to the operators
of activities that are subject to an IPPC or Waste Licence to
whose licences certain conditions are attached. Limits may be
imposed at boundary positions and/or at noise sensitive
locations. As part of this guidance, specific procedures for the
assessment of tonal and/or impulsive emissions are set out.
The licensee is generally required to carry out an annual noise
survey of their operations. Occupational exposure to noise is
not dealt with in this guidance note; it is dealt with specifically
by the Health & Safety Authority (HSA).
http://www.epa.ie/downloads/pubs/other/corporate/
name,14621,en.html
The Environmental Noise Directive may be downloaded
from:
http://www.epa.ie/downloads/advice/noisemapping/
name,24298,en.html
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Syllabus References

Student Activities

Examination Questions

Did You Know?

Leaving Certificate Physics (p. 30-31)

Measuring sound levels

Leaving Certificate Physics (HL) 2012, Q. 11

•

Vibrations and sound - wave nature of sound; characteristics of notes;

Sound levels may be measured using data-logging equipment or by
using apps for iPods or similar devices.

Read the following passage and answer the accompanying questions.

Variants of the decibel scale are indicated by adding the letters A,
B, C etc. These ‘weighted’ scales take account of the fact that the
human ear is most sensitive to sounds in the range 1 kHz to about
12 kHz; these are given a higher value than the measured sound
pressure would indicate. The most commonly used variant is the
dB(A) scale, especially when measuring noise levels which typically
include a wide range of frequencies.

•

In human speech the highest frequencies are associated with
consonants, particularly the letters s, c, t and f. In audio systems, in
which the tone is varied to boost the bass sounds, the treble (or
high frequency sounds) may be reduced so much that speech
becomes unintelligible.

resonance; vibrations in strings and pipes; sound intensity level.
Sound intensity: definition and unit.
Threshold of hearing and frequency response of ear.
Sound intensity level is measured in decibels.
Doubling the sound intensity increases the sound intensity level by
3 dB. The dB(A) scale is used because it is adapted for the ear’s
frequency response.

Learning Outcomes

Using suitable devices it is easy to measure instantaneous, average
and peak sound levels. Human perception of relative sound levels is
more subjective. For each of the following estimate the perceived
change in loudness and then measure the sound level.
1. How does the loudness of one person speaking compare with two,
five, ten or twenty people speaking in the same way? How many
people would be ‘twice as loud’ as one person?
2. Are people inclined to speak more loudly when others are also
speaking? Compare the sound level of a group reading a piece of
text with the same group having paired conversations (and assume
that one of each pair speaks while the other listens).

•

Distinguish between sound and noise

•

Outline how noise can reduce the quality of life

3. Turn on a music system at a low level. Estimate the sound level and
measure it. Increase the volume until the music seems ‘twice as
loud’. Measure the sound intensity. Repeat for five times and ten
times the apparent loudness.

•

Understand that environmental noise has a substantial cost

What conclusions can you draw from your findings.

•

Understand that sound involves vibration of a medium and that it
carries energy

•

Understand how sound intensity is reduced as the distance from
the source increases

•

Explain what is meant by the decibel scale for measuring sound

True/False Questions

•

Understand that the decibel scale is logarithmic

1. Sound and noise are the same thing.

T F

•

Contribute to discussion of topics relating to environmental noise.

2. In Europe the annual social cost of noise is about
€100 million.

T F

On completion of the lesson the student should be able to:

“Windmills have been used for thousands of years to grind grain but the
first attempts to use wind turbines to generate electricity were not made
until the late 1800s. Viable large scale wind turbines were not produced
until the 1980s. At the moment about 12% of Ireland’s electricity needs
are met by wind energy and it is planned to increase this to 33% by
2020.
Wind is a source of renewable energy and is now one of the most costeffective methods of electricity generation. The power P of the wind can
be calculated from P = ρAv3 where ρ is the density of the air, A is the
area the wind acts on and v is the speed of the wind. In theory it is
possible to extract 58% of this energy in a wind turbine. Much of the loss
occurs as the wind is slowed down rather than stopped as it passes the
turbine. The rotating blades of the turbine transfer their energy to an a.c.
generator, which produces electricity by electromagnetic induction.
The resulting alternating supply has to be changed to match the 230 V,
50 Hz that is used for electrical supply in Ireland.
Many people are concerned about the noise associated with wind
turbines. Better blade construction has led to reduced noise. At about
150 m from a turbine, typical sound intensity levels are 45 dB. This
reduces to 42 dB at about 200 m away. These values compare
favourably with values of around 60 dB in a busy office.
(Adapted from: Renewable Energy, Edited by Godfrey Boyle, Oxford
University Press in association with The Open University.)”

3. Our ears typically detect sound in the range 16 Hz to 16 kHz. T F

(a) What is the effect on the power of the wind if the wind speed is
doubled?
(b) Why is it not possible to extract all of the energy in the wind striking
a wind turbine blade?

4. Zero on the decibel scale indicates absolute silence.

T F

5. Many animals can hear sounds that humans cannot hear.

T F

The following information can be used to revise the lesson’s main
learning points and inform discussion.

6. Increasing the distance from a sound source by a factor of
10 changes the sound intensity by a factor of 1/100.

T F

•

7. A decibel is a tenth of a bel.

T F

(e) Estimate the factor by which the sound intensity changes when you
move from a position which is about 200 m away to a position which
is about 150 m away from a typical wind turbine.

8. The dB(A) scale gives a better representation of perceived
sound levels.

T F

(f) What is the tip speed (the linear velocity of the outer end) of a blade
of radius 30 m when it completes a revolution every 3 seconds?

9. Sound cannot go around corners.

T F

General Learning Points

Audible sound consists of vibrations in the range 16 Hz to 16,000 Hz
(16 kHz).

•

The intensity of sound is measured in W m−2 (watts per square
metre).

•

The decibel scale is logarithmic and approximates to perceived
loudness levels.

•
•

10. The sound of distant traffic has enhanced high frequencies. T F

The decibel scale must be weighted to take account of the fact that
the human ear is not equally sensitive to all audio frequencies.

11. Environmental noise decreases the quality of people’s lives. T F

Excessive sound levels can cause permanent damage to the ear.
Lower levels over longer time can also be damaging.

Check your answers to these questions on www.sta.ie.

Biographical Notes
Pythagoras (ca. 500 BC), Aristotle (ca. 350 BC),
Galileo (1564–1642) and Newton (1642–1727)
Pythagoras contributed significantly to the understanding of sound
and music. He realised that sound consisted of vibrations and that
harmonious notes were produced by strings whose ratios were simple
fractions.
Aristotle realised that sound was propagated through the air by
contractions and expansions of air.
Building on the work of Pythagoras, Galileo
formulated the laws of vibrating strings and
further clarified the wave-like behaviour of
sound.
From first principles Isaac Newton (rigth)
derived an expression for the velocity of
sound in solids.
These ideas laid the foundation for
subsequent work on sound and ultrasonics.

(c) What is electromagnetic induction?
(d) How is the output voltage of a wind turbine changed to 230 V a.c.?

(g) Small scale wind turbines are sometimes used to charge batteries.
The a.c. output voltage has to be converted to a d.c. voltage. How
is this achieved?

Revise The Terms
Can you recall the meaning of the following terms. Revising terms is a
powerful aid to recall and retention.

atom, audible, decibel, diffraction, energy, frequency, hertz, intensity of
sound, linear, logarithmic, molecule, pressure, resonant frequency,
sound, thoroughfare

(h) Name one other renewable source of energy.

Check the Glossary of terms for this lesson on www.sta.ie

