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Towards a quieter city 

You can fi nd out more about the work of Dublin City 
Council on www.dublincity.ie or www.sta.ie

Cities are full of sound – from people, factories, music, 
alarms, cars, trams, trains, planes, construction, animals 
(though not as much as fi fty years ago).

What is sound? When does sound become noise? Is there a 
quantifi able distinction between them or is ‘noise’ a purely 
subjective label? Does noise have an adverse effect on 
people? In this lesson we will try to clarify these and 
other questions.

What is sound?
Our ears are able to detect rapid variations in air pressure as long as they 
are in the frequency range of about 16 Hz (hertz) to 16 kHz and their 
intensity is greater than one thousand millionth of atmospheric pressure. 
Because they are so sensitive our ears can be permanently damaged by 
very loud sounds.

What is noise?
The simple answer is that 
noise is unwanted sound. What 
characterises noise is more 
diffi cult to say but the following 
factors are signifi cant: loudness 
and frequency range, whether it is 
continuous or intermittent, the time 
of day and whether it matches our 
mood or needs at the time. So what 

might otherwise qualify as pleasant music may become ‘noise’ if it 
interferes with our ability to work, communicate or relax.

In the centre of a city where there are generally more people and vehicles, 
noise levels are high. In built-up areas sound bounces off hard surfaces 
while along suburban and country roads the vegetation and soft ground 
absorb much of the sound. 

How is sound measured?
Sound is characterised 
mainly by frequency and 
loudness. A steady note 
from a fl ute consists 
mainly of one frequency. 
The same note played on 
a violin or trumpet 

contains a fundamental frequency as well as several multiples or 
harmonics of it; the harmonics are not all equally loud. The harmonic mix 
largely determines the timbre of a musical note. Speech has an even 
wider collection of frequencies and traffi c sounds wider still. The 
complexity of such sounds cannot be adequately described in terms of 
a single frequency; it is better represented in terms of a frequency 
spectrum. Sound that covers the whole frequency spectrum equally is 
sometimes referred to as ‘white noise’; if the lower frequencies 
predominate then it may be called ‘pink noise’.

Frequency analysers are now common features of hi-fi  and computer 
music systems; a typical stereo display is shown in Fig.2; the lower 
frequencies are represented towards the centre. The peak volume in 
each frequency range – over the previous few seconds – is indicated 
above each bar. The horizontal bars at the bottom show the overall and 
peak volumes for the left and right channels.

Dublin City Council
Dublin City Council is the democratic body governing Dublin City. 
It is the largest Local Authority in the country with a staff of about 
6,200 and it provides a wide range of services for its citizens 
and businesses. 

The key executive in the council is the City Manager who has 
overall responsibility for all functions of the Council. The Council 
has an assembly of 52 members who are elected every fi ve years. 
The Lord Mayor is elected by the assembly to act as its chairman 
and as the symbolic head of the city.

The Council has a number of committees focusing on the 
development of policy in six major areas of Council’s activity. 
One third of the members are from outside the Council and 
represent, for example, social partners, business and community 
interests. There are also fi ve committees focusing on the needs of 
specifi c areas.

The principal Council services (by expenditure) are environmental 
protection, housing and building, water supply and sewerage and 
road transportation and safety.

Dublin City covers an area of 11,500 hectares and has a population 
of 500,000. The total annual Council expenditure is nearly €800m. 

The Noise Mapping project supports Dublin City Council’s 
corporate policy on fostering an environmentally sustainable capital.

Loudness, power and pressure
Loudness is related to the power density of the sound, that is, the amount 
of energy per second per square metre; it is measured in watts per 
square metre. Our ears can detect sounds ranging in loudness from 
about 1 ×10-12 W/m2 to 102 W/m2. Such a huge range of values is neatly 
represented on a logarithmic scale such as the decibel scale (dB).

There are different decibel scales such as dB(A), which is a weighted 
audio decibel scale, and dBSPL which is the decibel scale used in 
measuring sound pressure level (SPL). A weighted audio decibel scale  
is one in which the contribution of different frequencies is biased or 
weighted to better represent the sensitivity of the human ear to 
those frequencies.

On the weighted audio decibel scale, zero dB(A) is the threshold of 
audibility and corresponds with a sound power density of 1 ×10-12 W m-2. 
A sound with ten times more energy would be 10 dB higher on the scale; 
a sound with a thousand times more energy would be thirty decibels 
higher on the scale. In other words, the increase in loudness is 
10 × log(increase in energy). A sound with twice as much energy is 
about 3 dB louder even though it is may not sound twice as loud;
10 log(2) = 3.010. A sound intensity of 140 dB is equal to 100 W/m2 and 
would cause serious ear damage. A 10 dB step is thought to correspond 
with a perceived doubling of the loudness. The table shows some 
representative decibel values.

Adding decibels
If the noise level from a passing motor car is 70 dB then the noise level 
from two cars would be 73 dB and for ten cars 80 dB. The sound level 
from any two identical sources at the same distance is 3 dB higher than 
from one.

Sound pressure
The loudness of a sound can also be expressed in terms of variations in 
the pressure of the medium (air or water). The lower limit or threshold of 
audibility (0 dB) corresponds to a sound pressure variation of about 
2 × 10-5 Pa – a tiny fraction of atmospheric pressure (100,000 pascal).

The intensity, power and pressure of sound are related as follows:

I = P/4πr2 and p= (416×I)½

where I is the intensity in (W/m2), P is the power of the sound source in 
watts, p is the pressure variation and r is the distance between the source 
and the detector or observer. (The number 416  in the pressure formula 
is the ‘acoustic impedance’ of air at 15˚C.) 

Mapping city noise
In compliance with EU Directive 2002/49/EC Dublin City Council has 
mapped sound levels throughout the city. 

Excessive noise can interfere with normal communication, cause general 
annoyance, disturb sleep and impair hearing. It is recognised as a 
serious problem particularly in cities where the sound level is typically 
between 60 and 70 dB(A).

Maps are produced by mathematically modelling all the buildings in the 
city and typical traffi c volumes at various times. Refl ections of sound 
from various surfaces and absorption by vegetation etc. are also 
calculated. The processing of all the variables takes more than 3,500 
hours (several months). Typical results are shown in Fig. 4; the blue 
colour represents buildings.

Different noise descriptors
There are many approaches to the specifi cation of noise levels and work 
is underway to harmonise these throughout the EU. 

LA90 is the sound level exceeded for 90% of a specifi ed time interval.

L10 is the sound level exceeded for 10% of a specifi ed time interval and 
is regarded as a better representation of people’s reaction to traffi c noise.

L10(18hr) is the mean of the eighteen separate one-hourly values of L10 
covering the period 6:00am to 12:00pm on a normal working day.

The overall results indicate that: 

• 4.3% of the population of the city are exposed to noise levels above 
an L10(18 hr) of 67 dB(A)

Fig.1 Variation in sound 
pressure of a piece of 
music lasting one tenth 
of a second.

Sound dB W/m2

Threshold of hearing 0 1 ×10-12

A rustling leaf 10 1 ×10-11

A pin drop 20 1 ×10-10

A whisper 30 1 ×10-9

A quiet library 40 1 ×10-8

Soft music 50 1 ×10-7

Normal speech at 1 m 60 1 ×10-6

A vacuum cleaner at 1 m 70 1 ×10-5

Noisy traffi c 80 1 ×10-4

Large truck at 10 m 90 1 ×10-3

Disco speakers at 1 m 100 0.01

A chainsaw at 1m 110 0.1

Threshold of discomfort 120 1

Threshold of pain 130 10

A jet aircraft at 50 m 140 100

Fig. 3 Table of decibel values and sound intensities

• 6% of the population are being exposed to average night-time sound 
levels above the generally acceptable level of 55 dB(A) 

• in the city centre almost 10% of the population are exposed to 
L10(18 hr) above the generally acceptable level of 67 dB(A)

• the vast majority of residents are not subjected to excessive noise levels

Detailed information such as this facilitates the identifi cation of problem 
areas and the prioritisation of solutions. The computer models can also 
be used to test the effects of proposed changes.

Fig.4 Noise level map of Dublin city

Fig. 2 Typical music frequency analyser display. 
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protection, housing and building, water supply and sewerage and 
road transportation and safety.

Dublin City covers an area of 11,500 hectares and has a population 
of 500,000. The total annual Council expenditure is nearly €800m. 

The Noise Mapping project supports Dublin City Council’s 
corporate policy on fostering an environmentally sustainable capital.

Loudness, power and pressure
Loudness is related to the power density of the sound, that is, the amount 
of energy per second per square metre; it is measured in watts per 
square metre. Our ears can detect sounds ranging in loudness from 
about 1 ×10-12 W/m2 to 102 W/m2. Such a huge range of values is neatly 
represented on a logarithmic scale such as the decibel scale (dB).

There are different decibel scales such as dB(A), which is a weighted 
audio decibel scale, and dBSPL which is the decibel scale used in 
measuring sound pressure level (SPL). A weighted audio decibel scale  
is one in which the contribution of different frequencies is biased or 
weighted to better represent the sensitivity of the human ear to 
those frequencies.

On the weighted audio decibel scale, zero dB(A) is the threshold of 
audibility and corresponds with a sound power density of 1 ×10-12 W m-2. 
A sound with ten times more energy would be 10 dB higher on the scale; 
a sound with a thousand times more energy would be thirty decibels 
higher on the scale. In other words, the increase in loudness is 
10 × log(increase in energy). A sound with twice as much energy is 
about 3 dB louder even though it is may not sound twice as loud;
10 log(2) = 3.010. A sound intensity of 140 dB is equal to 100 W/m2 and 
would cause serious ear damage. A 10 dB step is thought to correspond 
with a perceived doubling of the loudness. The table shows some 
representative decibel values.

Adding decibels
If the noise level from a passing motor car is 70 dB then the noise level 
from two cars would be 73 dB and for ten cars 80 dB. The sound level 
from any two identical sources at the same distance is 3 dB higher than 
from one.

Sound pressure
The loudness of a sound can also be expressed in terms of variations in 
the pressure of the medium (air or water). The lower limit or threshold of 
audibility (0 dB) corresponds to a sound pressure variation of about 
2 × 10-5 Pa – a tiny fraction of atmospheric pressure (100,000 pascal).

The intensity, power and pressure of sound are related as follows:

I = P/4πr2 and p= (416×I)½

where I is the intensity in (W/m2), P is the power of the sound source in 
watts, p is the pressure variation and r is the distance between the source 
and the detector or observer. (The number 416  in the pressure formula 
is the ‘acoustic impedance’ of air at 15˚C.) 

Mapping city noise
In compliance with EU Directive 2002/49/EC Dublin City Council has 
mapped sound levels throughout the city. 

Excessive noise can interfere with normal communication, cause general 
annoyance, disturb sleep and impair hearing. It is recognised as a 
serious problem particularly in cities where the sound level is typically 
between 60 and 70 dB(A).

Maps are produced by mathematically modelling all the buildings in the 
city and typical traffi c volumes at various times. Refl ections of sound 
from various surfaces and absorption by vegetation etc. are also 
calculated. The processing of all the variables takes more than 3,500 
hours (several months). Typical results are shown in Fig. 4; the blue 
colour represents buildings.

Different noise descriptors
There are many approaches to the specifi cation of noise levels and work 
is underway to harmonise these throughout the EU. 

LA90 is the sound level exceeded for 90% of a specifi ed time interval.

L10 is the sound level exceeded for 10% of a specifi ed time interval and 
is regarded as a better representation of people’s reaction to traffi c noise.

L10(18hr) is the mean of the eighteen separate one-hourly values of L10 
covering the period 6:00am to 12:00pm on a normal working day.

The overall results indicate that: 

• 4.3% of the population of the city are exposed to noise levels above 
an L10(18 hr) of 67 dB(A)

Fig.1 Variation in sound 
pressure of a piece of 
music lasting one tenth 
of a second.

Sound dB W/m2

Threshold of hearing 0 1 ×10-12

A rustling leaf 10 1 ×10-11

A pin drop 20 1 ×10-10

A whisper 30 1 ×10-9

A quiet library 40 1 ×10-8

Soft music 50 1 ×10-7

Normal speech at 1 m 60 1 ×10-6

A vacuum cleaner at 1 m 70 1 ×10-5

Noisy traffi c 80 1 ×10-4

Large truck at 10 m 90 1 ×10-3

Disco speakers at 1 m 100 0.01

A chainsaw at 1m 110 0.1

Threshold of discomfort 120 1

Threshold of pain 130 10

A jet aircraft at 50 m 140 100

Fig. 3 Table of decibel values and sound intensities

• 6% of the population are being exposed to average night-time sound 
levels above the generally acceptable level of 55 dB(A) 

• in the city centre almost 10% of the population are exposed to 
L10(18 hr) above the generally acceptable level of 67 dB(A)

• the vast majority of residents are not subjected to excessive noise levels

Detailed information such as this facilitates the identifi cation of problem 
areas and the prioritisation of solutions. The computer models can also 
be used to test the effects of proposed changes.

Fig.4 Noise level map of Dublin city

Fig. 2 Typical music frequency analyser display. 
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Towards a quieter city 

You can fi nd out more about the work of Dublin City 
Council on www.dublincity.ie or www.sta.ie

Cities are full of sound – from people, factories, music, 
alarms, cars, trams, trains, planes, construction, animals 
(though not as much as fi fty years ago).

What is sound? When does sound become noise? Is there a 
quantifi able distinction between them or is ‘noise’ a purely 
subjective label? Does noise have an adverse effect on 
people? In this lesson we will try to clarify these and 
other questions.

What is sound?
Our ears are able to detect rapid variations in air pressure as long as they 
are in the frequency range of about 16 Hz (hertz) to 16 kHz and their 
intensity is greater than one thousand millionth of atmospheric pressure. 
Because they are so sensitive our ears can be permanently damaged by 
very loud sounds.

What is noise?
The simple answer is that 
noise is unwanted sound. What 
characterises noise is more 
diffi cult to say but the following 
factors are signifi cant: loudness 
and frequency range, whether it is 
continuous or intermittent, the time 
of day and whether it matches our 
mood or needs at the time. So what 

might otherwise qualify as pleasant music may become ‘noise’ if it 
interferes with our ability to work, communicate or relax.

In the centre of a city where there are generally more people and vehicles, 
noise levels are high. In built-up areas sound bounces off hard surfaces 
while along suburban and country roads the vegetation and soft ground 
absorb much of the sound. 

How is sound measured?
Sound is characterised 
mainly by frequency and 
loudness. A steady note 
from a fl ute consists 
mainly of one frequency. 
The same note played on 
a violin or trumpet 

contains a fundamental frequency as well as several multiples or 
harmonics of it; the harmonics are not all equally loud. The harmonic mix 
largely determines the timbre of a musical note. Speech has an even 
wider collection of frequencies and traffi c sounds wider still. The 
complexity of such sounds cannot be adequately described in terms of 
a single frequency; it is better represented in terms of a frequency 
spectrum. Sound that covers the whole frequency spectrum equally is 
sometimes referred to as ‘white noise’; if the lower frequencies 
predominate then it may be called ‘pink noise’.

Frequency analysers are now common features of hi-fi  and computer 
music systems; a typical stereo display is shown in Fig.2; the lower 
frequencies are represented towards the centre. The peak volume in 
each frequency range – over the previous few seconds – is indicated 
above each bar. The horizontal bars at the bottom show the overall and 
peak volumes for the left and right channels.

Dublin City Council
Dublin City Council is the democratic body governing Dublin City. 
It is the largest Local Authority in the country with a staff of about 
6,200 and it provides a wide range of services for its citizens 
and businesses. 

The key executive in the council is the City Manager who has 
overall responsibility for all functions of the Council. The Council 
has an assembly of 52 members who are elected every fi ve years. 
The Lord Mayor is elected by the assembly to act as its chairman 
and as the symbolic head of the city.

The Council has a number of committees focusing on the 
development of policy in six major areas of Council’s activity. 
One third of the members are from outside the Council and 
represent, for example, social partners, business and community 
interests. There are also fi ve committees focusing on the needs of 
specifi c areas.

The principal Council services (by expenditure) are environmental 
protection, housing and building, water supply and sewerage and 
road transportation and safety.

Dublin City covers an area of 11,500 hectares and has a population 
of 500,000. The total annual Council expenditure is nearly €800m. 

The Noise Mapping project supports Dublin City Council’s 
corporate policy on fostering an environmentally sustainable capital.

Loudness, power and pressure
Loudness is related to the power density of the sound, that is, the amount 
of energy per second per square metre; it is measured in watts per 
square metre. Our ears can detect sounds ranging in loudness from 
about 1 ×10-12 W/m2 to 102 W/m2. Such a huge range of values is neatly 
represented on a logarithmic scale such as the decibel scale (dB).

There are different decibel scales such as dB(A), which is a weighted 
audio decibel scale, and dBSPL which is the decibel scale used in 
measuring sound pressure level (SPL). A weighted audio decibel scale  
is one in which the contribution of different frequencies is biased or 
weighted to better represent the sensitivity of the human ear to 
those frequencies.

On the weighted audio decibel scale, zero dB(A) is the threshold of 
audibility and corresponds with a sound power density of 1 ×10-12 W m-2. 
A sound with ten times more energy would be 10 dB higher on the scale; 
a sound with a thousand times more energy would be thirty decibels 
higher on the scale. In other words, the increase in loudness is 
10 × log(increase in energy). A sound with twice as much energy is 
about 3 dB louder even though it is may not sound twice as loud;
10 log(2) = 3.010. A sound intensity of 140 dB is equal to 100 W/m2 and 
would cause serious ear damage. A 10 dB step is thought to correspond 
with a perceived doubling of the loudness. The table shows some 
representative decibel values.

Adding decibels
If the noise level from a passing motor car is 70 dB then the noise level 
from two cars would be 73 dB and for ten cars 80 dB. The sound level 
from any two identical sources at the same distance is 3 dB higher than 
from one.

Sound pressure
The loudness of a sound can also be expressed in terms of variations in 
the pressure of the medium (air or water). The lower limit or threshold of 
audibility (0 dB) corresponds to a sound pressure variation of about 
2 × 10-5 Pa – a tiny fraction of atmospheric pressure (100,000 pascal).

The intensity, power and pressure of sound are related as follows:

I = P/4πr2 and p= (416×I)½

where I is the intensity in (W/m2), P is the power of the sound source in 
watts, p is the pressure variation and r is the distance between the source 
and the detector or observer. (The number 416  in the pressure formula 
is the ‘acoustic impedance’ of air at 15˚C.) 

Mapping city noise
In compliance with EU Directive 2002/49/EC Dublin City Council has 
mapped sound levels throughout the city. 

Excessive noise can interfere with normal communication, cause general 
annoyance, disturb sleep and impair hearing. It is recognised as a 
serious problem particularly in cities where the sound level is typically 
between 60 and 70 dB(A).

Maps are produced by mathematically modelling all the buildings in the 
city and typical traffi c volumes at various times. Refl ections of sound 
from various surfaces and absorption by vegetation etc. are also 
calculated. The processing of all the variables takes more than 3,500 
hours (several months). Typical results are shown in Fig. 4; the blue 
colour represents buildings.

Different noise descriptors
There are many approaches to the specifi cation of noise levels and work 
is underway to harmonise these throughout the EU. 

LA90 is the sound level exceeded for 90% of a specifi ed time interval.

L10 is the sound level exceeded for 10% of a specifi ed time interval and 
is regarded as a better representation of people’s reaction to traffi c noise.

L10(18hr) is the mean of the eighteen separate one-hourly values of L10 
covering the period 6:00am to 12:00pm on a normal working day.

The overall results indicate that: 

• 4.3% of the population of the city are exposed to noise levels above 
an L10(18 hr) of 67 dB(A)

Fig.1 Variation in sound 
pressure of a piece of 
music lasting one tenth 
of a second.

Sound dB W/m2

Threshold of hearing 0 1 ×10-12

A rustling leaf 10 1 ×10-11

A pin drop 20 1 ×10-10

A whisper 30 1 ×10-9

A quiet library 40 1 ×10-8

Soft music 50 1 ×10-7

Normal speech at 1 m 60 1 ×10-6

A vacuum cleaner at 1 m 70 1 ×10-5

Noisy traffi c 80 1 ×10-4

Large truck at 10 m 90 1 ×10-3

Disco speakers at 1 m 100 0.01

A chainsaw at 1m 110 0.1

Threshold of discomfort 120 1

Threshold of pain 130 10

A jet aircraft at 50 m 140 100

Fig. 3 Table of decibel values and sound intensities

• 6% of the population are being exposed to average night-time sound 
levels above the generally acceptable level of 55 dB(A) 

• in the city centre almost 10% of the population are exposed to 
L10(18 hr) above the generally acceptable level of 67 dB(A)

• the vast majority of residents are not subjected to excessive noise levels

Detailed information such as this facilitates the identifi cation of problem 
areas and the prioritisation of solutions. The computer models can also 
be used to test the effects of proposed changes.

Fig.4 Noise level map of Dublin city

Fig. 2 Typical music frequency analyser display. 
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Towards a quieter city 

Did You Know?

Musical tones
Various standards have been in use for the pitch of musical notes. 
It was proposed in 1700 that the frequency of middle C be set at 
256 vibrations per second (256 Hz); on this scale A is 430.539 Hz. 
Another standard was used in many countries from 1859 (A = 435 Hz). 
In the nineteenth century piano manufacturers and organ builders 
used several different pitch standards.

The modern standard (A440) was proposed and used by some 
manufacturers since 1812 but was not accepted as the international 
standard until 1939.

Syllabus Reference

Leaving Cert. Physics
Vibrations and sound – wave nature of sound; characteristics of notes; 
resonance; vibrations in strings and pipes; sound intensity level.

Describe:

(i) how the length of the column of air was adjusted;

(ii) how the frequency of the column of air was measured;

(iii) how the diameter of the column of air was measured.

How was it known that the air column was vibrating at its 
fi rst harmonic?

Using all of the data, calculate the speed of sound in air.

2005 Leaving Certifi cate Ordinary Level 
What is meant by (i) diffraction, (ii) interference, of a wave? 

In an experiment, a signal 
generator was connected to 
two loudspeakers, as shown 
in the diagram. Both speakers 
are emitting a note of the 
same frequency and same 
amplitude. 

A person walks along the line 
XY. Describe what the person 
hears. 

What does this experiment demonstrate about the nature of sound?

What is meant by the amplitude of a wave?

2003 Leaving Certifi cate Higher Level 
Which wave phenomenon can be used to distinguish between 
transverse waves and longitudinal waves?

Sound intensity level can be measured in dB or dB(A). What is the 
difference between the two scales?

Describe an experiment to show that sound is a wave motion.

What is the Doppler effect? Explain, with the aid of labelled diagrams, 
how this phenomenon occurs.

Bats use high frequency waves to detect obstacles. A bat emits a wave 
of frequency 68 kHz and wavelength 5.0 mm towards the wall of a cave. 
It detects the refl ected wave 20 ms later.

Calculate the speed of the wave and the distance of the bat from the wall.

If the frequency of the refl ected wave is 70 kHz, what is the speed of the 
bat towards the wall?

Give two other applications of the Doppler effect.

2001 Leaving Certifi cate Higher Level 
The sound intensity in a room increases from 10-8 W m-2 to 10-6 W m-2 
when a vacuum cleaner is turned on.

The relative increase in sound intensity is

A. 10-2 dB B. 0.2 dB C. 2 dB D. 20 dB E. 100 dB.

For further examples of past paper 
questions check www.sta.ie

raising the pitch one octave? How does the waveform change with 
loudness? Compare waveforms produced by speech; use simple 
words (“pat”, “tap”, “sat”…). Print out displays of sample sounds, 
with appropriate scales and units.

2. The best speakers have an effi ciency of 5% to 10%; for every watt of 
audio frequency electrical power that goes in, less than 0.1 W comes 
out as sound. Calculate the sound intensity in decibels of a 250 W 
speaker at 1, 2 and 10 m distance, assuming it is 10% effi cient. 
(I = P/4πr2, where P is the sound power; sound level in decibels = 
log(I ×1012) ×10).

Learning Outcomes

On completing this section, the student will be able to:
• Describe the main characteristics of sound in terms of frequency, 

wavelength, amplitude and loudness, decibel

• Understand what is meant by noise and appreciate how it can affect 
people’s quality of life

• Appreciate the need for quantitative data in order to adequately 
compare noise levels and to plan and implement appropriate remedies

• Understand that there is a relationship between sound intensity, 
pressure variation, power and distance from the source

• Understand in general terms how sound levels are modelled 
and mapped

• Understand that there are different ways of quantifying noise levels 
(LA90, L10, L10-18h)

General Learning Points

• Cities are inherently noisy and always have been

• Audible sound has a frequency in the range 16 Hz to 16 kHz 
approximately

• Audible sound has an intensity in the range 0 dB to about 120 dB; 
higher intensities can be painful and damaging

• Noise is unwanted sound. It is a somewhat subjective term; what 
may be acceptable to some people my be disturbing to others

• It is possible to produce objective measures of noise levels

• Noise can affect people’s ability to concentrate, to communicate, to 
relax or to sleep

• The decibel scale is logarithmic; if the intensity increases by 10 dB 
then the sound power increases by a factor of ten

• A 10 dB increase is generally perceived as a doubling in loudness

Student Activity

1. Investigate with the aid of a microphone and an oscilloscope or 
computer how the amplitude and frequency of sound varies with 
pitch and loudness. (There are several programs, both free and 
commercial, that can display sound waveforms on a computer 
screen; one of the best free ones is Audacity.)

 If possible compare the shape of the waves produced by different 
musical instruments playing the same note. What is the effect of 

True/False Questions

Indicate whether the following are true (T) or false (F) by 
drawing a circle around T or F.
(a) Noise is audible sound. T  F

(b) The frequency of a note determines its pitch. T  F

(c) Traffi c noise consists of one main audible frequency. T  F

(d) The loudness of a sound depends on its power density. T  F

(e) Sound is absorbed more by hard surfaces than 
by vegetation. T  F

(f) The rate at which energy is propagated is 
measured in watts. T  F

(g) One watt means one joule per second. T  F

(h) If the power density of a sound increases by a factor 
of ten then it is 3 dB louder on the decibel scale. T  F

(i) If the power density of a sound increases by a factor 
of ten, it is perceived as being about twice as loud.  T  F

(j) If the power density of a sound increases by a factor 
of two then it is 3 dB louder on the decibel scale. T  F

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

Examination Questions

2006 Leaving Certifi cate Higher Level 
A cylindrical column of air closed at one end and three different tuning 
forks were used in an experiment to measure the speed of sound in air. 
A tuning fork of frequency f was set vibrating and held over the column 
of air. 

The length of the column of air was adjusted until it was vibrating at its 
fi rst harmonic and its length l was then measured. This procedure was 
repeated for each tuning fork. 

Finally, the diameter of the column of air was measured. 

The following data was recorded:

f/Hz 512 480 426
l/cm 16.0 17.2 19.4

Diameter of column of air = 2.05 cm

signal
generator

Y

X

Biographical Notes

Pythagoras (ca. 570 BC–500 BC) 
seems to have been aware that sound consists of vibrations and that 
higher frequencies of vibrations produced a higher note. He believed 
that when the frequency is doubled the pitch goes up one octave. 
However he had no way of measuring the frequency directly.

Galileo (1564–1642) 
explained the relationship between frequencies and harmonics, and 
quantifi ed the relationship between the length, tension and mass of a 
string and the frequency of the note it produced.

Mersenne (1588–1648) 
was the fi rst person to make a direct measurement of the frequency of 
sound, and did so with reasonable accuracy. He also measured the 
speed of sound to an accuracy of about 90%.

Read more about other famous scientists
on www.sta.ie

Revise The Terms

Can you recall the meaning of the following terms? 
Reviewing the terminology is a powerful aid for recall 
and retention. 
Sound;  noise;  loudness;  frequency; frequency spectrum; harmonic; 
timbre; white noise; pink noise; frequency analyser; hertz; watt; sound 
power density; decibel scale; pressure; pascal (Pa); weighted audio 
decibel scale; LA90; L10; L10(18hr).

Check the Glossary of Terms for this lesson
at www.sta.ie
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Towards a quieter city 

You can fi nd out more about the work of Dublin City 
Council on www.dublincity.ie or www.sta.ie

Cities are full of sound – from people, factories, music, 
alarms, cars, trams, trains, planes, construction, animals 
(though not as much as fi fty years ago).

What is sound? When does sound become noise? Is there a 
quantifi able distinction between them or is ‘noise’ a purely 
subjective label? Does noise have an adverse effect on 
people? In this lesson we will try to clarify these and 
other questions.

What is sound?
Our ears are able to detect rapid variations in air pressure as long as they 
are in the frequency range of about 16 Hz (hertz) to 16 kHz and their 
intensity is greater than one thousand millionth of atmospheric pressure. 
Because they are so sensitive our ears can be permanently damaged by 
very loud sounds.

What is noise?
The simple answer is that 
noise is unwanted sound. What 
characterises noise is more 
diffi cult to say but the following 
factors are signifi cant: loudness 
and frequency range, whether it is 
continuous or intermittent, the time 
of day and whether it matches our 
mood or needs at the time. So what 

might otherwise qualify as pleasant music may become ‘noise’ if it 
interferes with our ability to work, communicate or relax.

In the centre of a city where there are generally more people and vehicles, 
noise levels are high. In built-up areas sound bounces off hard surfaces 
while along suburban and country roads the vegetation and soft ground 
absorb much of the sound. 

How is sound measured?
Sound is characterised 
mainly by frequency and 
loudness. A steady note 
from a fl ute consists 
mainly of one frequency. 
The same note played on 
a violin or trumpet 

contains a fundamental frequency as well as several multiples or 
harmonics of it; the harmonics are not all equally loud. The harmonic mix 
largely determines the timbre of a musical note. Speech has an even 
wider collection of frequencies and traffi c sounds wider still. The 
complexity of such sounds cannot be adequately described in terms of 
a single frequency; it is better represented in terms of a frequency 
spectrum. Sound that covers the whole frequency spectrum equally is 
sometimes referred to as ‘white noise’; if the lower frequencies 
predominate then it may be called ‘pink noise’.

Frequency analysers are now common features of hi-fi  and computer 
music systems; a typical stereo display is shown in Fig.2; the lower 
frequencies are represented towards the centre. The peak volume in 
each frequency range – over the previous few seconds – is indicated 
above each bar. The horizontal bars at the bottom show the overall and 
peak volumes for the left and right channels.

Dublin City Council
Dublin City Council is the democratic body governing Dublin City. 
It is the largest Local Authority in the country with a staff of about 
6,200 and it provides a wide range of services for its citizens 
and businesses. 

The key executive in the council is the City Manager who has 
overall responsibility for all functions of the Council. The Council 
has an assembly of 52 members who are elected every fi ve years. 
The Lord Mayor is elected by the assembly to act as its chairman 
and as the symbolic head of the city.

The Council has a number of committees focusing on the 
development of policy in six major areas of Council’s activity. 
One third of the members are from outside the Council and 
represent, for example, social partners, business and community 
interests. There are also fi ve committees focusing on the needs of 
specifi c areas.

The principal Council services (by expenditure) are environmental 
protection, housing and building, water supply and sewerage and 
road transportation and safety.

Dublin City covers an area of 11,500 hectares and has a population 
of 500,000. The total annual Council expenditure is nearly €800m. 

The Noise Mapping project supports Dublin City Council’s 
corporate policy on fostering an environmentally sustainable capital.

Loudness, power and pressure
Loudness is related to the power density of the sound, that is, the amount 
of energy per second per square metre; it is measured in watts per 
square metre. Our ears can detect sounds ranging in loudness from 
about 1 ×10-12 W/m2 to 102 W/m2. Such a huge range of values is neatly 
represented on a logarithmic scale such as the decibel scale (dB).

There are different decibel scales such as dB(A), which is a weighted 
audio decibel scale, and dBSPL which is the decibel scale used in 
measuring sound pressure level (SPL). A weighted audio decibel scale  
is one in which the contribution of different frequencies is biased or 
weighted to better represent the sensitivity of the human ear to 
those frequencies.

On the weighted audio decibel scale, zero dB(A) is the threshold of 
audibility and corresponds with a sound power density of 1 ×10-12 W m-2. 
A sound with ten times more energy would be 10 dB higher on the scale; 
a sound with a thousand times more energy would be thirty decibels 
higher on the scale. In other words, the increase in loudness is 
10 × log(increase in energy). A sound with twice as much energy is 
about 3 dB louder even though it is may not sound twice as loud;
10 log(2) = 3.010. A sound intensity of 140 dB is equal to 100 W/m2 and 
would cause serious ear damage. A 10 dB step is thought to correspond 
with a perceived doubling of the loudness. The table shows some 
representative decibel values.

Adding decibels
If the noise level from a passing motor car is 70 dB then the noise level 
from two cars would be 73 dB and for ten cars 80 dB. The sound level 
from any two identical sources at the same distance is 3 dB higher than 
from one.

Sound pressure
The loudness of a sound can also be expressed in terms of variations in 
the pressure of the medium (air or water). The lower limit or threshold of 
audibility (0 dB) corresponds to a sound pressure variation of about 
2 × 10-5 Pa – a tiny fraction of atmospheric pressure (100,000 pascal).

The intensity, power and pressure of sound are related as follows:

I = P/4πr2 and p= (416×I)½

where I is the intensity in (W/m2), P is the power of the sound source in 
watts, p is the pressure variation and r is the distance between the source 
and the detector or observer. (The number 416  in the pressure formula 
is the ‘acoustic impedance’ of air at 15˚C.) 

Mapping city noise
In compliance with EU Directive 2002/49/EC Dublin City Council has 
mapped sound levels throughout the city. 

Excessive noise can interfere with normal communication, cause general 
annoyance, disturb sleep and impair hearing. It is recognised as a 
serious problem particularly in cities where the sound level is typically 
between 60 and 70 dB(A).

Maps are produced by mathematically modelling all the buildings in the 
city and typical traffi c volumes at various times. Refl ections of sound 
from various surfaces and absorption by vegetation etc. are also 
calculated. The processing of all the variables takes more than 3,500 
hours (several months). Typical results are shown in Fig. 4; the blue 
colour represents buildings.

Different noise descriptors
There are many approaches to the specifi cation of noise levels and work 
is underway to harmonise these throughout the EU. 

LA90 is the sound level exceeded for 90% of a specifi ed time interval.

L10 is the sound level exceeded for 10% of a specifi ed time interval and 
is regarded as a better representation of people’s reaction to traffi c noise.

L10(18hr) is the mean of the eighteen separate one-hourly values of L10 
covering the period 6:00am to 12:00pm on a normal working day.

The overall results indicate that: 

• 4.3% of the population of the city are exposed to noise levels above 
an L10(18 hr) of 67 dB(A)

Fig.1 Variation in sound 
pressure of a piece of 
music lasting one tenth 
of a second.

Sound dB W/m2

Threshold of hearing 0 1 ×10-12

A rustling leaf 10 1 ×10-11

A pin drop 20 1 ×10-10

A whisper 30 1 ×10-9

A quiet library 40 1 ×10-8

Soft music 50 1 ×10-7

Normal speech at 1 m 60 1 ×10-6

A vacuum cleaner at 1 m 70 1 ×10-5

Noisy traffi c 80 1 ×10-4

Large truck at 10 m 90 1 ×10-3

Disco speakers at 1 m 100 0.01

A chainsaw at 1m 110 0.1

Threshold of discomfort 120 1

Threshold of pain 130 10

A jet aircraft at 50 m 140 100

Fig. 3 Table of decibel values and sound intensities

• 6% of the population are being exposed to average night-time sound 
levels above the generally acceptable level of 55 dB(A) 

• in the city centre almost 10% of the population are exposed to 
L10(18 hr) above the generally acceptable level of 67 dB(A)

• the vast majority of residents are not subjected to excessive noise levels

Detailed information such as this facilitates the identifi cation of problem 
areas and the prioritisation of solutions. The computer models can also 
be used to test the effects of proposed changes.

Fig.4 Noise level map of Dublin city

Fig. 2 Typical music frequency analyser display. 
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Towards a quieter city 

Did You Know?

Musical tones
Various standards have been in use for the pitch of musical notes. 
It was proposed in 1700 that the frequency of middle C be set at 
256 vibrations per second (256 Hz); on this scale A is 430.539 Hz. 
Another standard was used in many countries from 1859 (A = 435 Hz). 
In the nineteenth century piano manufacturers and organ builders 
used several different pitch standards.

The modern standard (A440) was proposed and used by some 
manufacturers since 1812 but was not accepted as the international 
standard until 1939.

Syllabus Reference

Leaving Cert. Physics
Vibrations and sound – wave nature of sound; characteristics of notes; 
resonance; vibrations in strings and pipes; sound intensity level.

Describe:

(i) how the length of the column of air was adjusted;

(ii) how the frequency of the column of air was measured;

(iii) how the diameter of the column of air was measured.

How was it known that the air column was vibrating at its 
fi rst harmonic?

Using all of the data, calculate the speed of sound in air.

2005 Leaving Certifi cate Ordinary Level 
What is meant by (i) diffraction, (ii) interference, of a wave? 

In an experiment, a signal 
generator was connected to 
two loudspeakers, as shown 
in the diagram. Both speakers 
are emitting a note of the 
same frequency and same 
amplitude. 

A person walks along the line 
XY. Describe what the person 
hears. 

What does this experiment demonstrate about the nature of sound?

What is meant by the amplitude of a wave?

2003 Leaving Certifi cate Higher Level 
Which wave phenomenon can be used to distinguish between 
transverse waves and longitudinal waves?

Sound intensity level can be measured in dB or dB(A). What is the 
difference between the two scales?

Describe an experiment to show that sound is a wave motion.

What is the Doppler effect? Explain, with the aid of labelled diagrams, 
how this phenomenon occurs.

Bats use high frequency waves to detect obstacles. A bat emits a wave 
of frequency 68 kHz and wavelength 5.0 mm towards the wall of a cave. 
It detects the refl ected wave 20 ms later.

Calculate the speed of the wave and the distance of the bat from the wall.

If the frequency of the refl ected wave is 70 kHz, what is the speed of the 
bat towards the wall?

Give two other applications of the Doppler effect.

2001 Leaving Certifi cate Higher Level 
The sound intensity in a room increases from 10-8 W m-2 to 10-6 W m-2 
when a vacuum cleaner is turned on.

The relative increase in sound intensity is

A. 10-2 dB B. 0.2 dB C. 2 dB D. 20 dB E. 100 dB.

For further examples of past paper 
questions check www.sta.ie

raising the pitch one octave? How does the waveform change with 
loudness? Compare waveforms produced by speech; use simple 
words (“pat”, “tap”, “sat”…). Print out displays of sample sounds, 
with appropriate scales and units.

2. The best speakers have an effi ciency of 5% to 10%; for every watt of 
audio frequency electrical power that goes in, less than 0.1 W comes 
out as sound. Calculate the sound intensity in decibels of a 250 W 
speaker at 1, 2 and 10 m distance, assuming it is 10% effi cient. 
(I = P/4πr2, where P is the sound power; sound level in decibels = 
log(I ×1012) ×10).

Learning Outcomes

On completing this section, the student will be able to:
• Describe the main characteristics of sound in terms of frequency, 

wavelength, amplitude and loudness, decibel

• Understand what is meant by noise and appreciate how it can affect 
people’s quality of life

• Appreciate the need for quantitative data in order to adequately 
compare noise levels and to plan and implement appropriate remedies

• Understand that there is a relationship between sound intensity, 
pressure variation, power and distance from the source

• Understand in general terms how sound levels are modelled 
and mapped

• Understand that there are different ways of quantifying noise levels 
(LA90, L10, L10-18h)

General Learning Points

• Cities are inherently noisy and always have been

• Audible sound has a frequency in the range 16 Hz to 16 kHz 
approximately

• Audible sound has an intensity in the range 0 dB to about 120 dB; 
higher intensities can be painful and damaging

• Noise is unwanted sound. It is a somewhat subjective term; what 
may be acceptable to some people my be disturbing to others

• It is possible to produce objective measures of noise levels

• Noise can affect people’s ability to concentrate, to communicate, to 
relax or to sleep

• The decibel scale is logarithmic; if the intensity increases by 10 dB 
then the sound power increases by a factor of ten

• A 10 dB increase is generally perceived as a doubling in loudness

Student Activity

1. Investigate with the aid of a microphone and an oscilloscope or 
computer how the amplitude and frequency of sound varies with 
pitch and loudness. (There are several programs, both free and 
commercial, that can display sound waveforms on a computer 
screen; one of the best free ones is Audacity.)

 If possible compare the shape of the waves produced by different 
musical instruments playing the same note. What is the effect of 

True/False Questions

Indicate whether the following are true (T) or false (F) by 
drawing a circle around T or F.
(a) Noise is audible sound. T  F

(b) The frequency of a note determines its pitch. T  F

(c) Traffi c noise consists of one main audible frequency. T  F

(d) The loudness of a sound depends on its power density. T  F

(e) Sound is absorbed more by hard surfaces than 
by vegetation. T  F

(f) The rate at which energy is propagated is 
measured in watts. T  F

(g) One watt means one joule per second. T  F

(h) If the power density of a sound increases by a factor 
of ten then it is 3 dB louder on the decibel scale. T  F

(i) If the power density of a sound increases by a factor 
of ten, it is perceived as being about twice as loud.  T  F

(j) If the power density of a sound increases by a factor 
of two then it is 3 dB louder on the decibel scale. T  F

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

Examination Questions

2006 Leaving Certifi cate Higher Level 
A cylindrical column of air closed at one end and three different tuning 
forks were used in an experiment to measure the speed of sound in air. 
A tuning fork of frequency f was set vibrating and held over the column 
of air. 

The length of the column of air was adjusted until it was vibrating at its 
fi rst harmonic and its length l was then measured. This procedure was 
repeated for each tuning fork. 

Finally, the diameter of the column of air was measured. 

The following data was recorded:

f/Hz 512 480 426
l/cm 16.0 17.2 19.4

Diameter of column of air = 2.05 cm

signal
generator

Y

X

Biographical Notes

Pythagoras (ca. 570 BC–500 BC) 
seems to have been aware that sound consists of vibrations and that 
higher frequencies of vibrations produced a higher note. He believed 
that when the frequency is doubled the pitch goes up one octave. 
However he had no way of measuring the frequency directly.

Galileo (1564–1642) 
explained the relationship between frequencies and harmonics, and 
quantifi ed the relationship between the length, tension and mass of a 
string and the frequency of the note it produced.

Mersenne (1588–1648) 
was the fi rst person to make a direct measurement of the frequency of 
sound, and did so with reasonable accuracy. He also measured the 
speed of sound to an accuracy of about 90%.

Read more about other famous scientists
on www.sta.ie

Revise The Terms

Can you recall the meaning of the following terms? 
Reviewing the terminology is a powerful aid for recall 
and retention. 
Sound;  noise;  loudness;  frequency; frequency spectrum; harmonic; 
timbre; white noise; pink noise; frequency analyser; hertz; watt; sound 
power density; decibel scale; pressure; pascal (Pa); weighted audio 
decibel scale; LA90; L10; L10(18hr).

Check the Glossary of Terms for this lesson
at www.sta.ie


