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St Albans

Dear Members
A very Happy New Year to you all!
We start the new year with some very
good news – we have appointed a new
Chief Executive, Allan Chesney, who
started working at the beginning of
January. Allan has a very varied
background – his previous employment includes many years in the RAF,
in the course of which he got a degree
in Mechanical Engineering; senior
policy manager for the National
Learning and Skills Council; and head
of Northamptonshire Adult Learning
Service. As well as these roles, Allan
also has extensive experience of
charity and voluntary work. The
selection team was very impressed by
Allan’s background, skills and enthusiasm and we are confident he will
get on well with the office staff,
Council and members. I am looking
forward to working with him for the
remaining 18 months of my presidency. We thus begin a new era with
the new year, and 2013 promises to
be an exciting time for the Institute.
There was also some sad news at
the end of 2012 – members will know
by now that Peter Lord died at the
beginning of December. Peter was a
hugely influential figure in the
acoustics world in the UK and beyond.
As well as being one of the driving
forces behind the setting up of the
Institute, he also founded the
acoustics department at the University
of Salford; started and was first editorin-chief of Applied Acoustics; was
external examiner to many acoustics
courses and PhDs (including my
own…); and was author of several
popular acoustics text books. Peter
was also known for his love of good
food as well as being an accomplished
artist, something to which he devoted
a lot of time in his retirement. There
will be a full article about Peter in a
future issue of the Bulletin but I
would like to add a personal note. I’ve
always regarded Peter as my “mentor”
in acoustics – he was very supportive
of me, both professionally and personally, throughout my career, for which
I will always be grateful. I also have to
thank him for introducing me to
Harry Ramsden’s on a visit to the
University of Salford! I will miss Peter
as I’m sure will many members of the
Institute but we can also be proud to
celebrate (as another former president

has expressed it) “a life well lived”.
One of Peter’s specialisms as an
acoustics consultant was the design
of concert halls. I was very lucky this
autumn to have the opportunity to
visit two amazing new halls: the
Harpa Hall in Reykjavik and the
Kauffman Performing Arts Centre in
Kansas City. Both halls are reputed
to have excellent acoustics but,
regardless of their acoustic quality,
the contrast between the two is
remarkable. Both are stunning
visually. The foyer areas of the Harpa
Hall are black – reflecting the lava
landscape in Iceland – and the façade
consists of many plain and coloured
glass panels which reflect the light so
that it appears quite different
depending on the time of day. The
foyer has a mirrored ceiling, reminiscent of the Weather Project installation in the Turbine Hall of Tate
Modern a few years ago – both were
designed by the Danish/Icelandic
artist, Olafur Eliasson. The
performing arts centre in Kansas City
by contrast is all white inside and is
quite breath-taking. From the outside
it looks like a mini Sydney Opera
House. Visiting the two buildings
within a fortnight was extraordinary
and I urge members to visit both
buildings if you get the opportunity
–and, unlike me, to go to a concert
in each hall and experience
the acoustics.

Bridget Shield, President
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IOA autumn conference:
an “unmissable” event
Report by Roger Kelly, Chairman of the Building Acoustics Group
he conference, which was held at Austin Court, Birmingham,
commenced with a great lecture from Mike Barron on auditorium acoustics. He focussed on clarity, early decay time,
lateral energy and sound strength as being the most important
factors in designing good spaces for classical music. Mike is a
great teacher and communicator, and I know everyone learned
something new. For me, it was the new research into objective
support and that orchestral reflectors don’t necessarily improve
communication between musicians on a stage; the reflectors
make the sound from all instruments louder and orchestras now
prefer to have the reflectors at about 14m above the stage, which is
where the reflectors in the Birmingham Symphony Hall have been
placed. Afterwards we went for a curry at Itihaas on Fleet Street –
boy was it good – fully recommended!
Tuesday morning started with Stephen Turner from Defra who
described the vision of the Government noise policy as “to
promote good health and quality of life through effective noise
control”. He talked about the three different descriptive levels,
NOEL, LOAEL and SOAEL – look them up if you don’t know
what they are. The talk prompted a healthy debate during
and afterwards.
Next was Julian Treasure of the Sound Agency, who is a sound
consultant specialising in audio branding – “Good Sound is Good
Business”. His extremely engaging presentation skills alone were
enough to inspire us to improve how we sell ourselves as acoustic
professionals. The content was also interesting and thought
provoking. He sees acoustics as the bedrock of all that he does.
Check out his company website or look at his presentations on
www.ted.com
Erling Nilsson, the acoustician of Ecophon, talked about
classroom acoustics. He told us to be wary of using reverberation
time because unless the sound absorption is evenly distributed
the reverberation time will not conform to Sabine. It was shown
that clarity and sound strength were most important.
After the coffee break it was my turn. I’ve been involved in a
project where Rupert Taylor and Teli Chinelis of Hann Tucker are
the acoustic consultants. They are designing a residential building
in London over the Circle Line in between Sloane Square and
Victoria. A mock-up was built and during the many tests carried
out on the small room built on springs it was noticed that putting
an elastomer in series polarised the vibration in the vertical
direction. This is not what we would expect and the conclusion is
that when measuring vibration on a site, make sure you measure
in all three axes.
Gary Timmins of BRE followed. His research into the effect of
mortar accumulation on wall ties clearly showed that the dynamic
stiffness of the ties increased by a factor of two if the mortar accumulation was heavy. If all mortar was removed from the void then
the wall can achieve its designed sound insulation performance
again. Great care must be taken on site to make sure that Robust
Standard Details remain “robust”.
Andrew Parkin reminded us of what has been happening with
BB93 over the past few years and discussed what we can expect
from the “Son of BB93”. He said that we could have done with it
three-and-a-half years ago but that the changes deliver a “cost
neutral” end product. It was written by acousticians for acousticians. Was it worth the wait? Yes.
After lunch Carl Hopkins of the University of Liverpool talked
us through the changes proposed for field sound insulation testing
in the ISO 16283 standards. A low-frequency measurement
procedure is being introduced due to the small volumes of some
habitable rooms. Manual scanning is another new addition with

T
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defined scanning paths. I was also excited to see a new rubber ball
impact test which can be used to simulate heavy impacts as an
alternative to the standard tapping machine. However, the
majority of National Regulations are likely to continue to use the
tapping machine.
Saiddi Ishak from Loughborough University then talked about
his research into the modelling of structural connections where he
concluded that his variable joint method was better than the
existing rigid joint method.
Sound level meter accuracy when measuring maximum sound
pressure levels was the topic of the next talk by Matthew

Hugh Hunt demonstrates the
importance of vibration modes

Mike Barron

Institute
Robinson from the University of Liverpool. There are issues with
the fact that different Type 1 sound level meters can deliver
different values in low-frequency one-third octave bands. The
discrepancy is due to the inherent time delays in different CPB
filters due to the phase responses. He suggested that to standardise the performance of the sound level meters we need to put
more stringent controls on the performance of the filters.
On the home stretch, Rory Sullivan led a discussion on the new
BS8233 proposals – some of the proposed changes seemed a little
counter-intuitive and we may need a meeting next year when we
know more.
More “counter-intuitive” demonstrations were given by Hugh
Hunt from Cambridge University who gave a hugely enjoyable and
informative talk. The demonstrations included why the notes
change when you blow across the mouth of a plastic drinks bottle
if it is crumpled or not, and a pipe that demonstrates the importance of vibration modes. He also urged us to be sensible with
allowed tolerance in vibration predictions: ±10dB is what he
recommends as the best practical tolerance and to pretend we can

Julian Treasure (right) questions Stephen Turner

An image from Julian Treasure’s presentation

Affairs

be any more accurate may just be deceiving ourselves. Much of
the information given is available on his website
www.hughhunt.com
The conference dinner was held at the International
Convention Centre – the food was excellent and the company very
entertaining. Four awards were given: John Hinton received an
Honorary Fellowship of the IOA; Ian Bennett received the IOA
Award for Distinguished Service; Richard Shears received the ANC
Best Diploma Award for 2011; and Ned Crowe received an ANC
award for best presentation by a young person. Full details of
John’s and Ian’s awards can be found on pages 12 and 14 and those
of Richard and Ned on page 28.
All in all, and taken with the ANC conference the following day,
it was a very successful couple of days. Those of you who didn’t
join us missed out. The Institute recommends that if you are a
member you should do a minimum of 30 hours’ CPD a year. Our
conferences should form a useful part of this CPD. We encourage
you to come next year. I promise that you will come away having
learned something.

Be proud of the IOA: an image from Julian Treasure’s presentation

Bridget Shield and Mike Barron about to order their curry
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Basics of
measurement:
practical
implementations
Report by John Shelton
ore than 40 delegates attended the one-day meeting at the
Building Research Establishment, Watford, in November,
arranged by the Measurement & Instrumentation Group, with
presentations on nine different topics. These were developed from the
articles which have appeared in Acoustics Bulletin, under the regular
Instrumentation Corner feature. In the main, the speakers were
members of the group committee, chaired by Richard Tyler.
The meeting kicked off with Sue Dowson from NPL presenting an
overview of international and British standards and the process by
which these are developed. The key standards for sound level meters
and calibrators were described, and how instruments are testing to
specifications. Sue also described the current status of BS EN 61672,
which is being updated, and the implications for the users.
Angela Lamacraft (meeting organiser) from Peter Brett Associates
started by describing the importance of environmental noise measurements, and how noise is the most important factor for planning
refusals. She then went on to describe the basic features and functions
of sound level meters and how different standards specify Type 1 or 2
meters for different applications. Angela then gave us the benefit of
her experience with some practical tips on measurement ranges,
measurement locations and storage considerations, as well as recommended calibration intervals.
After the break, John Shelton from AcSoft presented a paper
describing statistical measurements of environmental noise. Using two
example recordings, he showed that calculation of A-weighted statistics is quite insensitive to sample rate and size, as well as sampled
parameter. John then went on to give some examples of how large
errors can be made when calculating statistics in 1/3 octaves,
depending on the type of signal being analysed. Again, the session
ended with some useful practical tips.
Martin Armstrong of Alcor S&V (also the secretary of the M&I
group) asked us if we were serious about vibration. He described the
function of an accelerometer, and how its performance is specified. He
also stressed the importance of calibration, something that often gets
overlooked, and why we should calibrate our systems at the frequency
where we will do our measurements – low frequency for whole-body
vibration, and higher frequencies for e.g. hand-arm vibration. The
expanded uncertainties for calibration accuracy were also discussed,
and Martin finished with some comments about how UK standards
fall short of covering calibration adequately.
Just before lunch, Richard Tyler convened the M&I Group AGM,
which was rattled off in short order so we could enjoy the lunch and
laboratory tours hosted by BRE. This also gave a chance for delegates

M

Peter Mapp outlines some of the latest apps
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to browse the exhibition put on by instrument manufacturers.
After lunch, Richard Tyler continued with a presentation describing
some of the horrors of field calibration of sound level meters, and
some excellent practical advice on how to use a sound level calibrator
correctly. Several “what not to do” bullet points generated some active
discussion, finishing with the recommendation that you should always
gather all the information about your sound level meter and calibrator
before assuming your field calibration is correct.
Peter Mapp lightened the tone by providing an entertaining
overview of some of the apps on the market for Android/iPhone aimed
at the acoustics professional. He gave us the benefit of his investment
in some of these apps – virtual sound level meters, real-time analysers,
signal generators and the like, some of them offering amazing functionality for the money! Before the sound level meter manufacturers
got too panicky at the back of the room, Peter then showed some of
the errors associated with the microphones, even the plug-in ones,
and a comparison between an iPhone app and a “proper” sound level
meter. However, it showed what is currently available, and certainly
this is an area which will develop rapidly in the future.
After tea, Liz Brueck from HSL Buxton donned her gym kit to see if
she could upset some dosemeters by shooting them or jumping
around with a skipping rope. It’s always been assumed that rough
mechanical handling of dosemeters in use can cause high spurious
peak levels, whereas physical activity while wearing a dosemeter did
not necessarily prove this. Liz also provided an example where higher
levels were recorded simply because the wearer got into a car and
slammed the door! A comparison between several sound level meters
and dosemeters was made, and the final conclusion was that if there
are readings above 135dBC, then results should be confirmed by an
attended measurement. We were all disappointed when Liz declined to
demonstrate with her skipping rope, but maybe next time!
Richard Wright of Cirrus Research described a new measurement
rig he has developed, for measuring the performance of windshields in
different conditions and different directions. For medium to long term
monitoring, the microphone windshield is often forgotten, but rain,
wind, ultraviolet and animal damage all take their toll, and can
seriously affect the measurements. Richard gave several examples of
wet, decayed, frozen and damaged windshields, and how quite serious
performance variations can be seen. One example showed a windscreen which had been taken over by a squirrel for hazelnut storage:
not good for proper environmental noise measurements. Several
delegates made suggestions for further work in this area.
To close the meeting, Sylvia Broneske of Hayes McKenzie
Partnership described how wind turbines were tested for noise output,
and the determination of sound power figures, for prediction
purposes. She described the noise generating mechanisms, and how
sound power, tonality, impulsivity and directivity are determined.
Practical considerations were discussed, such as microphone
mounting, and the acquisition of different data. Finally Sylvia highlighted the key changes and additions in Edition 3 of IEC 61400.
Thanks are due to Angela Lamacraft for organising the meeting and
to our hosts, BRE, who provided excellent facilities and catering. All
agreed that the subject matter was of great interest, and many went
away resolved to make better noise and vibration measurements.

Richard Tyler invites questions from the floor
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Acoustical Society of America silver
medal for Tim Leighton
im Leighton, Professor of Ultrasonics and Underwater
Acoustics at the Institute of Sound and Vibration Research,
University of Southampton and an IOA Fellow, has won a
major international award in recognition of his research
into acoustics.
The Acoustical Society of America (ASA) awarded him with
their Helmholtz-Rayleigh Interdisciplinary Silver Medal, which
is only the fifth time since 1983 that the medal has been
awarded as a result of three technical committees collaborating on
a nomination.
Every few years each of the technical committees of the ASA
can nominate an eminent researcher in the field for a silver medal.
However, if two or more technical committees collaborate to put
forward the same individual who has achieved distinction in both
fields, that silver medal is distinguished with the title the
"Helmholtz-Rayleigh Interdisciplinary Silver Medal". In this case
Tim was nominated by biomedical acoustics, acoustical oceanography and physical acoustics.
He will receive the medal at the joint meeting of the ASA and
the International Commission for Acoustics in Montreal in
June 2013.
Tim, who is Associate Dean (Research) in Engineering and the
Environment at the university, said: "I am extremely honoured
and humbled to be added to the list of past winners, a list of
people whose contributions are truly daunting. I had no idea this
was going on, and am extremely touched that, in these busy days
when time is the rarest commodity for an academic, so many
people have put in the time and dedication to make the case
for me."
Tim is also a member of a team at the university which received

T

Tim Leighton (second right) receives the Institute of
Chemical Engineers award with colleagues

an award for a novel ultrasonic technology which enhances the
ability of water to clean.
StarStream won the Veolia Water Management and Supply
category in the 2012 Institute of Chemical Engineers Awards for its
ability to generate significant savings in water use in a range of
cleaning applications.
Its potential has been spotted by UltraWave which has been
collaborating with the university to develop it for industrial
cleaning applications. John Melville, Managing Director, said: “Our
clients are constantly looking to save time, energy and water in
their cleaning processes and StarStream represents the only true
technological leap forward in ultrasonic cleaning that we have
seen for decades. We are excited to be working with Southampton
to take the technology to market.”

Institute Engineering Medal is awarded
to Derek Sugden
erek Sugden has been awarded the Institute’s Engineering
Medal in recognition of “his outstanding contributions to
the acoustic design of auditoria and his inspirational
thinking in promoting excellence in acoustic consultancy”.
He was presented with the biennial award by Bridget Shield,
IOA President, at a ceremony in London. Below is a citation from
Colin English, a former President.
It is an honour for members of the Institute to have Derek
Sugden in their midst today, for Derek is a man who has inspired
many generations of acousticians, architects and engineers.
By training Derek is a chartered civil and structural engineer,
but he has had a unique influence on the quality of places for
music over many years. He has often traced his enthusiasm for
sound to his boyhood listening under the arches of bridges, and
later to attending his first live concerts in Watford Town Hall and
Queen’s Hall in 1940. Following 12 years of engineering apprenticeships he studied civil and structural engineering at
Westminster Technical College. He joined Ove Arup and Partners
in 1953, and became an Associate in the practice in 1959.
In 1963, he was a founding partner of Arup Associates, architects and engineers, responsible for many industrial and auditoria
buildings in the UK. On his suggesting the appointment of an
acoustician for Snape Maltings Concert Hall, Benjamin Britten
suggested to Derek that it would be better without! However, with
support from colleagues in Arup Associates and Decca, Derek took
on the acoustic design, which led to his specialising in auditorium
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Derek Sugden receives his award
from IOA President Bridget Shield

acoustic design. He reported on the acoustics of Orchestra Hall,
Chicago for Sir George Solti and the Chicago Symphony P12
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ACOUSTIC
PANELS
WALLSORBA™ acoustic panels are used as wall linings to
absorb sound. They are simple and easy to install even to
unfinished wall surfaces. They are available pre-decorated in a
wide range of colours. Three different versions are available.
They can also very easily be cut to size on site. Noise reduction
coefficient 0.92 (i.e 92 %).

CLOUDSORBA™ acoustic “ceiling hanging panels” are an
innovative method of absorbing reverberant noise in rooms
without the visual appearance of just another one of those
boring suspended ceilings. The stunning visual effect of acoustic
‘clouds’ on a ceiling space leaves an occupant or visitor with
an impression of flair and forward thinking on behalf of the
designer of the room or hall.

Soundsorba manufacture and supply
a wide range of acoustic panels for
reducing sound in buildings.

WOODSORBA™ timber acoustic wall and ceiling panels
combine the beauty of real wood panelling with high acoustic
performance. The panels are 18mm thick, hence offer extremely
high impact resistance from footballs etc and ideal for sports
centres and factories as well as schools and offices.

Soundsorba’s highly skilled and
experienced acoustic engineers will be
pleased to help will any application of
our acoustic products for your project.
Please contact us on telephone number
01494 536888 or email your question to:
info@soundsorba.com

ECHOSORBA™ stick-on acoustic panels are extremely high
performance noise absorbers. Echosorba II sound absorbing
wall and ceiling panels are used widely in schools, offices, music
studios, lecture theatres, multi purpose halls, interview rooms,
training areas and cinemas. They meet the requirements of BB93
of the building Regulations for acoustics in school building and
are class 0 fire rated hence meeting the Fire Regulations as well.

R

SOUNDSORBA LIMITED, 27-29 DESBOROUGH STREET, HIGH WYCOMBE, BUCKS HP11 2LZ, UK
TEL: +44 (0) 1494 536888 FAX: +44 (0) 1494 536818 EMAIL: info@soundsorba.com
www.soundsorba.com
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P10 Orchestra, Henry Wood Hall, Southwark and Buxton
Opera House.
Other major acoustic projects included Theatre Royal, Glasgow
for Scottish Opera, the UEA Music School and Britten-Pears Music
School at Snape. During the 60s and 70s, he carried out studio
acoustic studies for Decca. At an early stage, his preference for a
bass rise in reverberation was well developed. He formed, and
has retained, some suspicion of the decibel, being slightly
uncomfortable with dimensionless units! His love of Haydn,
curiosity over the Wagnerian orchestra pit and enquiry into the
work of Semper and many middle European influences have
shaped his contribution.
In 1980, with Peter Parkin and Richard Cowell, he formed Arup
Acoustics and guided studies in the Royal Festival Hall and
Barbican Hall. Derek advised on music rooms in the restoration of
Sutton Place and the Britten Opera Theatre with Sir Hugh Casson,
and proposals for Christchurch, Spitalfields. Studies of unrealised
projects for the Academy of St Martin in the Fields with Sir Neville
Mariner and for an opera house at Compton Verney added to the
fun. He advised on the approach to the acoustic design of

Former Institute
President John
Hinton made
Honorary Fellow
ohn Hinton has been made an Honorary Fellow of the IOA in
recognition of his many achievements during his career and his
outstanding contribution to the Institute.
He received his award from Bridget Shield, current President, at
the annual autumn conference in Birmingham. Below is a citation
from Andrew Jellyman, a former colleague at Birmingham
City Council.
John started his career in acoustics in 1974, joining Birmingham
City Council’s Environmental Protection Unit as Senior Technical
Officer (Noise). After being promoted to Special Duties Officer he
took day-to-day charge of the acoustics laboratory. John was
always keen to improve the laboratory facilities and of particular
note is that he initiated regular calibration checks of the entire
laboratory’s acoustics instrumentation in the 1970s, long before
this became standard practice.
Alongside the routine work of the laboratory, John was always
keen to initiate research. One notable research project was an
annual ambient noise survey carried out at various sites across the
city. Unbeknown to him at the time, his far-sighted approach was
to be of significant benefit to him later when studying for an MSc
in acoustics at London South Bank University. For his dissertation,
John repeated the ambient noise survey and compared the results
with the archived data obtained many years before, drawing some
valuable conclusions in the process.
In 1994 John, along with others, established a new Midlands
Branch of the Institute which held its inaugural meeting in
December of that year. John was elected as its first Chairman, a
position he held until stepping down in 2007. It remains a very
active branch, with regular monthly meetings held throughout
the year.
In the mid-1990s, John joined the Institute’s Environmental
Noise Group committee and soon found himself chairing the
working group set up to develop a code of practice on noise from
pubs and clubs. This proved to be very challenging. Not only did
the industry walk away from the working group relatively early on,
but, despite a great deal of effort, no agreement could be reached
on numerical criteria. Consequently, although a very good and
helpful code was produced, which contained a lot of good practice,

Bridgewater Hall, Manchester and worked closely with Michael
Hopkins and Partners on Glyndebourne Opera House.
Derek also advised on many smaller venues, including a recital
room for Lady Walton on the island of Ischia, Clare College
Library, Cambridge, the Jacqueline du Pré Memorial Hall at St
Hilda’s College, Oxford and Wigmore Hall. He has lectured at many
schools of architecture, including the University of Pennsylvania
(since 1957), Stuttgart, Munich and Eindhoven. He was a visiting
Professor at the Bartlett School of Architecture and Chairman of
the Building Trust from 1993-1996.
Derek has inspired clients, colleagues, contractors and other
collaborators, as a fundamental and holistic thinker, a raconteur,
and a charming rebel. As well as his personal focus on music, he is
a declared enthusiast for good food, wine and sleep! He has a deep
understanding of the interaction between musical performance
and the buildings that house them. His substantial contribution to
acoustics has been highly influential.
He has provided a deeply informed holistic view of acoustics
fully integrated with architecture and engineering, combined with
an unfailing enthusiasm for only the best.
John Hinton receives his
award from Bridget Shield

J
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John was disappointed that it had not in the end managed to
achieve the desired consensus.
Towards the end of the millennium John led the team at
Birmingham City Council that produced the first ever city noise
map, a project that demonstrated what could be done with largescale computer-based noise modelling. The project’s significance
was demonstrated when the launch meeting to publish the results
was attended by the then Environment Secretary, Michael
Meacher, John was subsequently invited to chair the European
Commission’s working group on noise mapping (WG4). This group
produced the good practice guide which was used by many
member states in implementing the Environmental Noise Directive
during the first round of noise mapping in 2006. WG4 also explored
the issue of how best to make noise mapping information available
to the public which involved John organising an international
workshop in London.
WG4 turned into the Working Group on the Assessment of
Exposure to Noise (WG-AEN) and John was its Chairman
throughout its life. That led to him becoming a member of the
European Environment Agency’s Expert Panel on Noise on which
he remained until he retired. It was in recognition of his services to
noise mapping that he was awarded an OBE in 2005.
John was elected a Fellow of the Institute in 2006 and served as
President from 2008 to 2010, during which time he made a point of
attending as many meetings and conferences as he could,
including visiting every regional branch that held a meeting during
his term of office. He retired from Birmingham City Council in
2009 after 35 years and is now enjoying a well earned retirement.
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Peter Barnett
Memorial Award
for 2012 goes to
Pat Brown
at Brown has been awarded
the Institute’s Peter Barnett
Memorial Award for his
“ongoing remarkable contributions
to the welfare of Reproduced
Sound”.
He had been due to receive the
medal at the Reproduced Sound
conference in Brighton but illness
prevented him from travelling. He
will now be presented with it by
Peter Mapp at a conference in
Dallas in January. Below is a citation
from Sam Wise which was read out
at the RS conference in Brighton.
Pat Brown
Pat Brown’s contribution to
electro-acoustics is measured by his
gut level and study-enhanced understanding of audio and his
remarkable teaching skills. He has an almost unmatchable ability
to present highly technical information in a form in which the
highly knowledgeable learn something and don’t complain about
being talked down to, and, where at the same time, those with less
experience learn even more. And these two types of student learn
together in the same room, sharing their experiences and gaining
respect for each other’s roles in the delivery of audio excellence.
Pat’s life in audio started as a guitarist in high school, where he
also mixed live audio for bands. After that he went to the
University of Louisville and completed a degree in Electrical
Engineering Technology. For the nine years following, Pat was
manager in a retail music store, before becoming more directly
involved in audio professionally as a mix engineer, system
designer and contractor. He built up part of his knowledge by
attending Synergistic-Audio-Concepts (Syn-Aud-Con) classes led
by Don Davis, where his quick understanding and ability to
communicate what he learned to others was recognised by Don.
His teaching skills became evident to a larger audience in the early
1990s when Don asked Pat to assist him in delivering Syn-AudCon courses in Europe, which is where I first heard and was
impressed by him. In 1996 Don and Carolyn Davis decided to
retire and by Don’s wishes, Pat and his wife, Brenda, took over the
Syn-Aud-Con business.
Pat has continued to develop Syn-Aud-Con: up toward the
highest achieving designers in the business and down towards the
installers and operators of audio systems. In my view, this is the
most successful attempt so far to bring the whole of the sound
industry under the influence of knowledge and helps to build
personal relationships among those do the work in the industry.
Without this special contribution, one part or another of the
process of creating and reproducing sound fails, rendering everything in the system useless. With it, it becomes possible to deliver
a system design that integrates room acoustics, sound insulation,
sound system design, correct installation, proper commissioning
and tuning and successful/meaningful sound operations. The
final result is enjoyable sound for the listener that contains much
more of the detail from the original sound source. Thus speech is
more intelligible and musical details more audible. One day
perhaps even the show producers and musicians may enter this
chain and bring further improvement!
In addition to running the training business, Pat also undertakes regular commissions as a sound system designer and in
debugging, problem solving and system tuning for systems P14
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designed by others.
But could Pat do this without Brenda? Could Don have done it
without Carolyn? These seem to be true partnerships, synergistic
in themselves, perhaps models for the idea that when you put
different ideas, know-how and people together into a team – they
can actually create something new and better.
Pat and Brenda are making the most significant contribution to

training in the world of audio today, or indeed during any part of
my career since I started in the business in 1971. Without Don and
Carolyn, this never would have started. But Pat and Brenda have
expanded and developed it in new ways, resulting in even more
audio systems that work following installation and more knowledgeable operators that understand the how to get the best out
of them.

Former Acoustics Bulletin Editor
honoured with IOA award
an Bennett, the former Editor of Acoustics Bulletin, has been
awarded the Institute’s Award for Distinguished Service in
recognition of his work in keeping members up to date with
Institute affairs, technical contributions and industry news.
He received the award from Bridget Shield, IOA President, at
the Institute’s annual autumn conference in Birmingham. Below is
a citation from Adam Lawrence, Chairman of the Publications
Committee.
Ian studied Mechanical Engineering at the University of
Southampton, graduating in 1976. While there he enjoyed opera
and tiddlywinks. Following his studies he worked for a number of
noise and acoustics companies, becoming a corporate IOA
member in 1983. In 1989 Ian became the “I” in the partnership
ACIA Engineering Acoustics which he formed with Anthony
Rupkus and their wives. Ian remains at ACIA today. In the early
days ACIA undertook legal work for cases involving noise and
vibration in the workplace, alongside assessments for petrochemical sites, wind farms, industrial sites and environmental noise,
which continue to form the business of the company.
Ian was appointed as Bulletin Editor in 2001, with his first issue
being the March/April edition. He took over from John Tyler who
was Acting Editor for the previous issue. John provided assistance
to Ian in his early days, and John remained Associate Editor until
around his 80th birthday. Ian attended Publications Committee
meetings, keeping the committee up to date with progress on
forthcoming issues and discussing any issues, although there were
few issues to discuss, with the Bulletin normally staying right
on course.
Ian introduced himself to members in his editor’s notes in 2001
with the intention to make the Bulletin “informative, readable and
appealing to all the membership”, and hoping to “shed light too on
less well known topics”. His editor’s notes continued through to the
end of 2006, and through these we are able to glimpse his out-otwork interests in real ale, narrow boats, opera, bridges and sport.

I

Ian Bennett receives his award from Bridget Shield

In total, Ian edited 65 issues over 11 years with his last one
being November/December 2011, stepping down due to pressure
of work. Ian very much enjoyed the role, and he always edited
with a positive and professional style. Ian was always keen to talk
with authors and prospective authors about meeting reports,
technical contributions and generally about the Bulletin. Sourcing
the various contributions covering a wide range of acoustics and
related disciplines and editing them, together with the high
standard publication that members have come to expect, is quite
a substantial task. Ian was in regular correspondence with the
editors at the journals of the Acoustical Society of New Zealand
and the Australian Acoustical Society, providing more routes for
interesting topics from around the world. As Editor, Ian was also a
regular attendee at IOA conferences and meetings, and many
members will recall Ian’s smiling face and cheerful attitude
recording the events for the Bulletin and joining in the less formal
discussions after the presentations.

Noise monitoring system scoops
IOA-sponsored award
noise monitoring system aimed at helping industry manage
its impact in the community has won a major IOAsponsored award that recognises the crucial role that
industry plays in reducing noise pollution in the environment.
Brüel & Kjaer’s Noise Sentinel was named as the winner of the
technology section of the Noise Abatement Society’s John Connell
Awards, dubbed the “Noise Oscars”, which were announced at a
ceremony at the Houses of Parliament. The presentation was
made on behalf of the Institute by Stephen Turner, Head of the
Technical & Evidence Team for Noise and Nuisance at Defra.
Unlike current noise monitoring systems, the system
communicates noise compliance in real time, alerts operators

A
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before a breach occurs and enables them to take immediate
action to reduce noise and ensure compliance.
Noise Sentinel is in operation at more than 20 locations
worldwide, continuously monitoring noise and vibration at large
construction sites, mines, ports, and entertainment venues,
including the Moorgate shaft project for Crossrail in London and
Global Renewables’ waste recycling facilities at Thornton and
Leyland in Lancashire.
Highly commended in this section was Cargotec for its frontmounted forklift, a virtually silent delivery solution for palletised
goods, construction material and loads up to 2,000kg which
utilises the latest electric drive and control technology.

Institute
The evening saw also saw Geoff Leventhall, a former IOA
President, honoured with a lifetime achievement award.
Geoff has a long and distinguished career, encompassing 22
years’ teaching at Chelsea College; the publication of numerous
scientific papers; involvement in editing books and journals; and
organising conferences, including a successful series on low
frequency noise and vibration, of which he is the recognised
global expert. He received the IOA’s Tyndall Medal in 1978; was its
President from 1984-86; and the recipient of its R W B Stephens
Medal in 2001 as well as many other honours.
The other award winners were:
• The Quiet Mark Award of Distinction: winner: zero2infinity

Charles Greene (left), of Brüel & Kjaer, receives the technology award
from Stephen Turner

Affairs

• Local Authority Award: winner: Liverpool City Council; highly
commended: Elmbridge Borough and Wrexham County
Borough Councils
• Innovation Award: winner: Brighton and Hove City Council
• Silent Approach Award: winner: Airbus; highly commended:
Veolia Environmental Services
• European Soundscape Award: winner: Technical University of
Berlin; highly commended: NGO Okokratt
• Special Commendation Award: winners: Sheffield City Council
and Ian Wainwright, Road Freight Programme Manager at
Transport for London (TfL)
• Lifetime Achievement Awards: Jill Phillips and Robert Reed.

Geoff Leventhall (left) receives a lifetime achievement award
from Mike Weatherley MP
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Institute Distinguished Service Award
for Brian Tunbridge
rian Tunbridge has been awarded the Institute’s
Distinguished Service Award in recognition of his contribution to the field of acoustics in general and specifically to
the IOA.
He was presented with the award at the Reproduced Sound
conference in Brighton by Institute President Bridget Shield.
Below is a citation from Paul Freeborn.
Originally from Southampton, Brian graduated in Physics at
Imperial College in 1964. He stayed on as a postgraduate to do a
PhD in the acoustics group under the supervision of Dr R W B
Stephens, the first President of the IOA, to work on Assisted
Resonance in the Royal Festival Hall. Some of his work was carried
out on model enclosures, which also led to an early interest in
electronics. On completion of his PhD in 1969 he moved to Rolls
Royce to join the noise group at Hucknall in Nottingham at the
time of the final stages of the development of the RB211 high
bypass engine. He worked on the design of sound absorbers in the
inlet and turbine ducts as well as developing measurement techniques for noise in and around an engine.
In 1974 he moved to HMGCC, the Government
Communication Centre, in Milton Keynes to pursue his R&D
interests in acoustics and electronics, working on the intelligibility
of speech in digital communication systems, then progressed into
signal processing and the recovery of speech in noisy situations.
After three years running a small physics group he returned to
head up the acoustics group where he was awarded a merit
promotion to Senior Principal Scientific Officer in 1987.
Later he moved to London for five years as a programme
manager for various government customers covering audio and
radio systems. In 1995 he was seconded to the Foreign and
Commonwealth Office, as head of the technical security department, with some 60 scientists, engineers and technicians responsible for overseeing the technical security of UK embassies
worldwide. Under his area of responsibility new embassies
were built in Hong Kong, Moscow, Berlin and Sofia which
provided a significant challenge to the department. Part of his role

B

Environment
Agency regulation
of noise
Central Branch meeting
Report by Kevin Howell
tkins Birmingham was the venue when Tony Clayton gave a
presentation on the work of the Environment Agency
(EA).Tony is the EA’s Technical Advisor on Noise, and is
responsible for all noise guidance published by the EA and for the
network of EA noise specialists. He advises senior management on
noise issues and policies and provides liaison with Government
and other regulatory bodies and with external bodies such as the
IOA. He is a member of the IOA Environmental Noise Group.
Tony began with a brief history of noise regulation by the EA
referring to a variety of regulations over the years. There had
clearly been periods when the division of responsibilities for noise
issues between the EA permitting regime and local authority
nuisance regime was unclear, but clarification over the past few
years has hopefully resolved those issues. He made reference to
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Brian Tunbridge receives his award from IOA President Bridget Shield

was to provide technical liaison with his opposite numbers in
Europe, North America and Australia, involving considerable
travel worldwide.
He retired in 2002 and returned to part time consultancy
in acoustics.
To maintain his CPD he regularly attended the IOA Midlands
Branch meetings and then meetings of the Central Branch when it
was formed. As a result of contact at branch level he joined the
Membership Committee in 2005 and became chairman in 2006.
He served as chairman of the committee for two terms, retiring
after six years as chairman in February 2012. During this time the
number of code of conduct cases increased significantly, providing
the committee with a considerable workload. The six years also
saw the appointment of the first full time Membership Officer and
an edict from Council to strengthen the CPD requirements for the
membership, all combined with the underlying task of reviewing
thousands of applications. Brian remains an active member of
the committee.

the differences in regulation in Scotland (SEPA) and Northern
Ireland (NIEA) compared with the EA work in England and Wales.
He explained the geographical structure of the EA and how the
environmental permitting regime operates. He also reported that
from April 2013 EA Wales will split from EA England. The function
in Wales will move to the Welsh Single Environment Body.
Tony spent much of his presentation explaining the intention
of the EA to review and rewrite their noise guidance. He made it
clear that the following was very much his own view and not
necessarily on all points of detail that of the EA as a whole. He
placed much emphasis on the effect that the publication, in 2010,
of the Noise Policy Statement for England (NPSE) had on their
thinking and approach, and the need for a more consistent and
objective way of assessing noise impact, compatible with the
NPSE. The H3 guidance is being reviewed and rewritten in liaison
with SEPA and NIEA to be flexible enough to cope with the
different regulatory regimes and to be as non-specific to legislation as possible. The new H3 will be a top-level document in fairly
plain English and aimed at applicants for, and holders of, permits.
Below H3 will be a series of detailed technical documents, referred
to as the N-series, to include acoustic specifics, the demonstration
of Best Available Techniques (BAT) and noise practitioner competency requirements. The EA will also produce Method
Implementation Documents (MIDs) to interpret commonly used
standards where necessary. Where an MID exists it will be
expected that it is used as an integral part of the standard. This

Institute
is intended to clarify common misinterpretation and remove
bad practice that results from ignorance or deliberate attempts to
mislead, and will be updated when necessary. This approach is
already successfully used by the EA in other pollutant areas. The
first MID will be for BS4142, which Tony considers is much
misused and abused. The N-series documents and MIDs will
become an integral part of the H3 guidance. The new H3 will set
an initial design target of 10dB below existing background and
anything above that will need to be clearly justified. This is to
ensure that noise is an early consideration, leading to better
designs which can be cheaper in the long run for operators than
expensive retrofits which also involve interruption to the
operating process with difficult logistics. Anything above 5 to 10dB
above background and beyond would be broadly unacceptable.
Despite the above reference to noise limits, Tony made the point
that fixed noise limits are not really consistent with the spirit and

The burden of
disease from
environmental
noise
Irish Branch meeting
Report by Diarmuid Keaney
n recognition of the time and effort that Dr Gerry McCullagh
put into the promotion and education of acoustics throughout
Northern Ireland and the Republic of Ireland, the Irish Branch
of the Institute holds an annual lecture where an industry expert is
invited to present a talk on their area of expertise. The 2012
lecture, the seventh, titled The Burden of Disease from
Environmental Noise, was presented by Dr Wolfgang Babisch from
the Department of Environmental Hygiene, Federal Environment
Agency in Berlin, Germany. The branch was also delighted to
welcome Gerry’s mother, Jean, and his wife, Rita, to the lecture.
Wolfgang gave a brief introduction about his original studies in
environmental engineering with particular emphasis on acoustics
and air pollution, but from the beginning he had worked with
specialists in interdisciplinary fields such as doctors, physicians,
biochemists, statisticians and so on.
The presentation opened with the statement that 80 million
Europeans suffer from noise (road, air traffic, industrial) levels
that scientists consider to be unacceptable. One important point
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process of applying NPSE and he advocated strongly for getting
away from numbers and placing a requirement on applicants to
demonstrate that their proposals fulfil the aims of NPSE and
requirements of Best Available Techniques/Appropriate measures.
It is hoped that the new H3 will gain the endorsement of
professional bodies such as the IOA, and a series of consultations
is anticipated. It is intended to completely revise the EA website
noise pages with simple links to the documents. It is hoped that
this will become the first port of call for information on environmental noise, and a reference source for all, including local
authorities. This may result in a reduced need for each LA to
produce its own guidance.
Tony’s presentation produced many questions and considerable discussion. Tony was very appreciative of the feedback
provided. Thanks go to Tony for his stimulating talk and to Atkins
for hosting the meeting.

that he highlighted was that “the Toxicological Concept does not
apply”. This is where a person is exposed to 80dB(A) at work but
may be worse affected by 50dB(A) outside their home at night
while inside resting or relaxing. Scientific evidence shows that
adverse health effects occur in particular when noise interferes
with intended activities, such as communication, concentration,
relaxation and sleep.
Source-specific annoyance curves exist for road traffic, airtraffic and the rail industry as well as WHO guidance on relationships between noise level and annoyance. Wolfgang highlighted
laboratory experiments that showed the relationship between
exposure to various short term noise exposure sources (car racing
noise, work noise, jet fighter noise and road traffic) and its effect
on the body’s adrenaline, noradrenaline, cortisol as well as systolic
and diastolic blood pressure. The General Stress Model was then
presented to show the chronic long-term effects of noise which
include dysregulation, disturbed biorhythm, physiologic and
metabolic imbalance.
Wolfgang explained the Biological Stress Mechanism using an
example of a Stone Age man resting by the fire who receives an
acoustical stimulus. The stimulus induces the release of hormones
that result in an increase in heart beat frequency, an increase in
blood pressure, a release of carbohydrates and blood lipids. This
results in the release of the hormone cortisol and the freeing up of
all available energy for motion. This is a “fight or flight response”
which is evolutionary and determined for survival. The problem,
however, arises when the body is prepared for “fight or flight”
without the reaction of motion to follow at times of relaxation and
rest. This effect presents significant biological risk factors which
manifests as disorders in cardiovascular diseases such as hypertension, arteriosclerosis and ischaemic heart diseases.
Environmental noise studies show that Lden ≥ 65dB can
increase the risk of cardiovascular diseases by 20-40%. P18
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P17 Wolfgang introduced the term DALY (Disability Adjusted
Life Years) which is a metric used for the sum of years of potential
life lost due to prematurity mortality and the years of production
life lost due to poor health and disability. Surprisingly, studies in
the Netherlands show that the annual loss of DALY for noise is
lower than that of traffic accidents but higher than the burden of
lead in drinking water, indoor radon and carcinogenic air
pollution. The presentation included environmental quality targets
that should be set for outdoor Lday periods and Lnight periods.
Three important documents were identified by Wolfgang,
namely the WHO’s Night Noise Guidelines for Europe (2009), the
EEA Technical Report titled The Good Practice Guide on Noise
Exposure and Potential Health Effects (2010) and the WHO’s
Burden of Disease from Environmental Noise (2011). The presentation was concluded with a quote from W.H. Steward, a former
US Surgeon General, which says: “Calling noise a nuisance is like
calling smog an inconvenience”.
The presentation was then followed by a multiple of questions
and discussions in relation this fascinating area of acoustics. As
noise consultants who normally work with metrics, this presentation helped bridge short term and long term adverse effects of
noise and its risk to health.

Left to right: Martin Lester, Chairman of the Irish Branch,
Dr Wolfgang Babisch, Mrs Jean McCullagh (Gerry’s mother )
and Mrs Rita McCullagh (Gerry’s wife)

Institute of Acoustics Diploma results 2012
Report by Keith Attenborough, IOA Education Manager
n 2011/2012 the IOA Diploma in Acoustics and Noise Control was
presented at five centres based in Higher Education Institutions
(Derby University, Leeds Metropolitan University, NESCOT, Salford
University and the University of the West of England, Bristol), and a
further six centres (St. Albans, Dublin, Bristol, Napier Edinburgh,
Cornwall and Southampton Solent) hosted the tutored distance
learning version. The 2011/12 Diploma presentation was the fourth
year after the revisions made to the Diploma in 2008. Five candidates
failed to meet the 50% pass threshold for Part A of the General
Principles of Acoustics written examination. The first Part A question
involved calculations of SWL and SPL and was answered well, thereby
meeting its intended role of being straightforward. The third Part A
question about the addition of coherent sound levels in and out of
phase caused difficulty and was the only part A question with a mean
mark of less than 50%. Another Part A question about sound propagation from a planar source had the next lowest mean mark, closely
followed by questions involving vibration velocity and acceleration,
calculation of octave band levels from one third octave band levels
and point source propagation. Two Part A questions about frequency
weighting were answered relatively well. One of the long answer (Part
B) questions involving railway noise and a barrier calculation was
popular and was answered well. Another Part B question involving
room acoustics was popular but not answered well. A Part B question
about vibration isolation was least popular but resulted in the highest
mean mark. Except for a long answer question requiring a sound
insulation calculation, the part B questions had mean marks above
60%. The mean GPA mark this year was the highest since 2009 which
in turn was the highest since 2001. There were larger than expected
differences in mean GPA coursework marks between centres since
there is a common marking scheme. This is to be monitored closely
over the next year or so.
The laboratory module continues to have a high percentage of
merits (nearly 35% in 2012).
This year, at the suggestion of the new Chief Examiner (Stuart
Dyne), a criterion based on the mean marks and their standard
deviation was introduced to decide whether or not to moderate marks
for the specialist modules. This resulted in changes to marks for the
Regulation and Assessment of Noise, Environmental Noise and Noise
and Vibration Control Engineering module marks. As in previous
years, a merit threshold of 70% was applied to the written paper and

I

18

Acoustics Bulletin January/February 2013

the conflated GPA mark. The examination scripts of candidates satisfying the conflated mark threshold but gaining between 67% and 69%
on the written paper were examined at moderation, re-marked where
appropriate, and judged individually as pass or merit. However, even
if these criteria were satisfied, a merit was not awarded if the assignment mark was carried over from a previous year. To obtain a merit
grade on the specialist modules, candidates were required to have
conflated mark and written examination marks of at least 70%. No
merit was awarded if it depended on a deferred score.
The numbers of candidates who gained merits (M), passes (P) or
fails (F) in each module are shown for each centre in the table of
results. The fails include those who were absent from the written
examinations. The results of seven appeals (only one of which was
successful) are included. There were 102 candidates (including four
from overseas) entered for the General Principles of Acoustics (GPA)
written paper in 2012. The corresponding numbers of candidates in
previous years were 109 in 2011, 134 in 2010, 144 in 2009, 178 in 2008,
167 in 2007, 216 in 2006, 135 in 2005, 140 in 2004, 121 in 2003, 154 in
2002, 129 in 2001 and 150 in 2000. There were 43 candidates for
Regulation and Assessment of Noise (RAN), 36 for Noise and Vibration
Control Engineering (NVCE), 58 for Building Acoustics (BA) and 59 for
Environmental Noise Measurement, Prediction and Control (EN).
Seventeen of the 18 candidates listed as having failed on the chart did
not submit and will have to repeat the project module next year.
The prize for best overall Diploma performance (based on the total
marks awarded for five merits including project) is to be awarded to
Gary Wickens (NESCOT). Special commendation letters offering
congratulations on also achieving five merits (including project) have
been sent to Kathryn Hill (Bristol), Robert Jamieson, Eleanor Woods
(DL St Albans), Matthew Hickling (DL Southampton), Richard Earis
(NESCOT), Andrew Snowden (Derby) and David McArthur (Salford).
Stephen Allen (DL Dublin), who also obtained five merits is recommended for an award from the IOA Irish Branch as the bestperforming Irish Diploma student this year.
One of the students awarded a Project Merit in (2010-11) Richard
Shears (Bristol), is to receive the ANC best project award for his
project, An extreme environment stethoscope.
During 2011-12, six people who hold the IOA Diploma already
have taken advantage of a change in policy that allows ‘one-off topup’ module registrations and have taken and passed extra modules.

Institute
We would like congratulate the following people on achieving
“super” Diplomas: Damian Crofton-Martin (RAN and EN) and
Christopher Howard (BA) at NESCOT, Robert Russell (RAN [M] and EN
[M]) in New Zealand and Simon Butler (BA [M]) through DL St Albans.
Last but not least, I would like to thank all tutors and examiners
and Hansa Parmar in the IOA office for their help during the
2011/2012 presentation year of the Diploma.

List of successful Diploma candidates in 2011/12
Distance
Learning
(Dublin)
Allen S
Doherty S P
Lee E
McMenamin S J
Montague C P
Reilly K
Watters L N

Distance
Learning
(Bristol)
German K
Honywill S P
Smith R H
Williams A B
Williams R C

Distance
Learning
(Cornwall)
Stephens K D

Distance
Learning
(Edinburgh)
Bligh J
Brown C R
Johnston A N
Moisey J W
Sutherland C D
Wilson M

Distance
Learning (St
Albans)
Cope B
Cosgrove R
Dickson K S
Drever J L
Gonzalez Vazquez S Z

Harrold D A
Hopwood D
Jamieson R I
Masey R J
Nicolaides C
Percival G N K
Srsnova P
Whydle S
Woods E F

Lomakin T S
Morgante R
Richardson S P
Roberts L
Wickens G J
Winman A

University of
Salford

Distance
Learning
(Southampton
Solent
University)

Bentley P E
Bryan C
Goward N P
McArthur D J
McLaughlin D
Whittle J T

Bond V
Hickling M W
Rawlings C

University of
Derby

Leeds
Metropolitan
University
Auckland N C
Bailey D
Baldwin J M
Cussons G P
Moorhouse T
Newell A
Reynolds M
Wormald R I
Wray V L

Baker A
Barlow M
Barnes M T
Collins D A
Hamer M S
Honey, R
Krok T P
Nelson J
North J
Palmer J J
Peplow L
Snowden A P
Turner S R
Walker M P

NESCOT
Alexander B W
Appleton H
Bourzoukos M
Bownds P
Cartwright B R
Choules E
Dillon M
Earis R
Ford T
Gilbert D R

University of
the West of
England
Cloke M
Colhoun D G
Hill K L
Hooper G J
Jarvis R
Jefferis A H

Project titles 2011-12
DL St Albans
1. The effect of noise exposure from regular attendance at music
entertainment venues on noise induced hearing loss among
young adults
2. An investigation into the potential risks to pedestrian health
and safety caused by ‘silent-running’ electric vehicles
3. Reducing noise output from a high-output data projector
4. Comparison of attenuation provided by communication ear
plugs (CEP) in combination with an Mk4B4L flying helmet, and
CEP alone
5. Evaluation of novel sound attenuation measures for rifle fire
6. A comparison of noise levels generated in Watford town centre
by two methods of street cleaning P20

GRADE

Affairs

GPA

PROJ

LAB

BA

NVCE

RAN

EN

Merit

4

1

1

0

1

1

4

Fail

0

0

0

0

0

0

0

Distance Learning (Bristol)
Pass

1

4

4

Distance Learning (Cornwall)

1

1

1

1

Merit

0

0

0

0

0

0

1

Fail

0

2

0

0

0

0

0

Pass

2

0

1

Distance Learning (Edinburgh)

2

0

0

0

Merit

7

2

2

0

1

1

4

Fail

2

1

0

0

0

1

2

Pass

0

4

6

Distance Learning (St Albans)
Merit

13

7

Fail

9

7

Pass

2

9

1

3

1

4

3

2

0

10

3

4

3

5

3

16

Distance Learning (Dublin)

3

7

2

6

7

Merit

1

1

2

1

1

0

1

Fail

3

4

2

2

1

0

1

Pass

3

3

1

Distance Learning (Southampton Solent)

0

0

2

2

Merit

3

1

1

1

1

0

0

Fail

0

1

0

0

0

0

0

Pass

1

2

3

Distance Learning (New Zealand)

3

2

1

0

Merit

0

0

0

0

0

1

1

Fail

0

0

0

0

0

0

0

Pass

0

0

0

Leeds Metropolitan University

0

0

0

0

Merit

4

1

2

1

2

0

2

Fail

3

3

1

2

2

1

0

Pass

5

NESCOT
Merit

9

Fail

1

Pass

2

University of Salford

7

8

5

1

2

6

3

9

0

1

1

7

1

1

1

0

1

0

15

2

5

5

6

2

Merit

3

4

3

3

3

0

0

Fail

1

2

1

2

1

0

0

Pass

3

University of Derby
Merit

8

Fail

1

Pass

6

2

3

4

3

0

0

5

7

0

0

2

9

1

0

1

0

1

0

11

7

University of the West of England

7

2

5

3

Merit

3

1

1

0

0

0

0

Fail

1

0

0

0

0

1

0

Pass

1

TOTAL

5

4

Merit

55

26

32

Fail

21

18

8

Pass

28

65

56

0

0

9

12

12

7

37

17

IOA Diploma results chart for 2012

1

2

6

39

10

6

27
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19

Institute

Affairs

P19 Likelihood of annoyance from gas utilisation plant
derived low frequency noise
8. Investigation into the effectiveness of a range of outdoor microphone protection systems and their effect on noise levels
obtained when in use
9. An exploration of alternate methods of acoustical analysis
10.What is good quality audio? Objective and subjective assessments of smart phones audio playback
11. Investigation into method of optimising the acoustics of an existing
live music space for different types of musical performance
12.Noise control of basement supply fans
13.An investigation into noise from whole house ventilation and
heat recovery system and its effect on background noise in an
open plan office
14.An assessment of a low frequency noise complaint
15.Calculating the sound power of an engine

7.

13.Use of foliage as a noise attenuation measure
14.Vibration exposure of tree maintenance workers

Leeds
1. Explore and define the purpose of music in shops
2. How the edges of a material affect the measured
absorption coefficient
3. Alternative noise mapping using measured noise and GPS points
4. Influence of topography on commercial aircraft noise in
the Calder
5. The sound insulation properties of music teaching and
recording facilities
6. Acoustics assessment of a huddle-hub
7. A study of acoustics characteristics of commercial
extraction systems
8. Hand-arm vibration assessment of ground maintenance
equipment

DL Bristol
1.
2.
3.
4.
5.

Multi-cellular array technology in modern concert sound systems
Sound reduction through an open window
Comparison of measured and predicted wind turbine noise
Effectiveness of a barrier in attenuating petrol generator noise
The variability of bus noise levels

DL Cornwall
1. A study of skateboard noise in relation to potential noise nuisance
2. Evaluation and comparison of low cost IPhone noise meter
apps for use in initial assessment of noise problems

Bristol
1. Sound transmission through varying apertures of sash windows
2. The effectiveness of wooden clapper boards as an
impulsive source
3. Performance of noise barriers of different designs
4. Accuracy of SLM phone Apps compared with B&K 2250
5. Audibility of a domestic smoke alarm in a single level property
6. Effect of resilient mounting of a light switch on impact sound
through a wall

Salford
DL Edinburgh
1. An assessment of predicted noise associated PAN/TAN1
2. A study of environmental noise affecting an urban residential
property including comparisons with rural locations, relevant
guidance and available environmental data
3. Methods for calculating wind turbine noise levels
4. Re-timing ETSU assessment of ETSU averaging periods
5. Wind turbine directivity
6. A comparison of BS 5228-1 measurement data with real life
noise levels

DL Dublin
1. The use of different windshields in determining background
noise levels for wind turbine assessments
2. An environmental and occupational noise assessment at an
industrial facility in Co. Wexford
3. An evaluation of exhaust silencer design using simple models
and calculations
4. A review of sound attenuation in unlined ventilation ductwork
5. Comparison of predicted and measured sound pressure and
intelligibility levels

DL Southampton
1. Assessment of the acoustics for a room used as cinema and
lecture theatre
2. Using a head and torso simulator to measure speech intelligibility
3. Improving productivity in an open plan call centre through
better acoustics

Derby
1. Change in noise attenuation from new style glass recycling bins
2. Noise impact of church bells
3. Sound transfer through a suspended timber floor
4. Noise levels associated with traffic calming features
5. Noise exposure of amateur brass musicians
6. Measurement of sound transmission loss for composite panels
7. Effectiveness of wooden fence to control noise from MUGAs
8. Microphone sweep method
9. Noise exposure from drumming
10.Loudspeaker position at small venues
11.Air quality and environmental noise
12.Attenuation from silencers
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1. Investigation into performance of partial enclosures: a case
study of a CNC router
2. A noise assessment after relocation and redesigned office layout
3. Project for the Live Music Act 2012
4. Amplitude modulation in large wind turbines
5. A study on reverberation time and speech intelligibility in a
reverberant room used for conference devices
6. Noise in open-plan office

NESCOT
1.
2.
3.
4.

Impact sound insulations: direct to joist solutions
Application of Noise Act 1996 to licensed premises
Sound insulation investigation of a recording studio
Effects of placing acoustic weather louvers within near field of a
plant room sources
5. Evaluation of noise generation at children's outdoor play areas
6. Comparison between an EBM-Papst RadiCal and a standard
centrifugal fan
7. Determination of transmission loss performance of
elastomeric materials
8. Review of strategies to abate noise nuisance caused by
licensed premises
9. Railway noise and annoyance from London Overground
railway line
10.Noise exposure and small scale agriculture
11.Assessment of effect of wind on road traffic noise at a site for
housing development
12.Sound control of noise from a church
13.Measurement of train wheel screech affecting a block of flats
14.Review of micro generation certification scheme and protection against noise disturbance
15.Real noise in an average home and its annoyance factor
16.An investigation into noise from power shower pumps
17.Measurement and analysis of noise and vibration impacts of
speed humps
18.Evaluation of mobile phone acoustic measurement
app technology
19.Investigation into sound propagation from an
outdoor concert

Institute

Affairs

Institute of Acoustics Council approves
33 more membership applications
hirty-three applications for Institute membership were
approved by the Council in December following recommendations by the Membership Committee.

T

Fellow
Patel R

Member

Instrumentation Corner

Alli-Balogun I
Ashton J E
Dawson M J
Dodd A J
Giudice R
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Groborz R V
Hawes A M
Kelly P A
Reynolds J M
Saar T
Sanchez-Roemmele X
Sheridan B J
Simms M

Of the total, 14 were upgrades and 19 were for new or reinstated membership.

Associate
Member
Bond V C
Bownds P
Carlton C
Chatzigiannidis G
Cope B
Cussons G P
Docwra J

Doyle P
Drever J L
Filipe D
Grimes J R
Hornby J
Reynolds M

Technician
Humphreys J M
Stringfellow M J

Student
Georgiou F
Higgins C
Sainte Cluque E H
Sica G

Underwater sound measurement
Report by Angela Lamacraft BSc(Hons) IEng MIOA

Introduction
So far in Instrumentation Corner we’ve considered the measurement of sound in air and the measurement of vibration. This
article is concerned with the measurement of sound in water.
There are a wide range of marine applications which use sound
such as sonar, underwater positioning and navigation, geophysical surveying for oil and gas, hydrographic surveying, ocean
sensing, oceanographic studies, and defence applications such as
mine detection. The frequency range of these applications is very
broad, ranging from a few hertz for geophysical applications, to a
few megahertz for acoustic Doppler current profilers [1]. The
many natural sources of sound can in themselves make the ocean
a noisy environment, but the levels of man-made sounds in the
ocean (whether deliberately generated or not) have led to
increasing concern over marine noise pollution [2]. The causes of
greatest environmental concern are high energy low-frequency
sources of sound such as geophysical surveying using airgun
arrays, construction noise (for example, marine piling for offshore
wind farms), explosive decommissioning, and low-frequency
naval sonar. Although individual ships do not radiate high noise
levels, shipping noise is nevertheless of concern because of the
large number of commercial vessels and the projected increase in
traffic levels in the future.
The effects of anthropogenic noise on marine fauna are usually
categorised as either physical, or behavioural [3]. High noise levels
may also cause: barotrauma [4]; hearing damage (temporary or
permanent) [5]; bleeding and/or organ damage; structural or
cellular damage of non-auditory tissues or impair the growth of
fish [6].Lower levels of anthropogenic noise may also mask
animal-produced sound, such as that used for communication or
echolocation; it may also cause changes in reproductive, feeding,
resting or migration behaviour; changes in cardiac rate and respiratory patterns [7];
There are many differences in the propagation of sound in air
and in water. These are some of the influencing factors:
• the wider range of frequencies of interest (naturally produced
sounds can be as high as up to approximately 200 kHz for
toothed whales [8], and man-made sounds can be even higher),
• the much faster sound speed in water (the speed of sound in air
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at 20°C is approximately 343 ms-1 and in pure water is typically
1480 ms-1[9]),
• the sound speed in the ocean is affected by pressure (depth),
salinity and temperature, leading to complex variations of
sound speed with depth and location, and substantial refraction
of the sound rays, especially in deep water,
• there is a strong interaction with the seabed and sea surface for
propagation in shallow water,
• in general, absorption increases with frequency but is much less
than in air, and low-frequency sound can travel large distances.

Instrumentation
Whereas an acoustician measuring and analysing sound in air
can use a sound level meter comprised of a self-contained handheld instrument with an attached microphone and built-in
display device(as described in BS EN 61672-1:2003) [10], there are
no such instruments for the measurement of sound in water.
Instead, the different elements (for example, transducer
(hydrophone), amplifier, data acquisition unit and processing
device (e.g. laptop)) have to be brought together individually
(see Figure 1). Recently, in response to the requirement to
make long-term measurements of ocean noise, autonomous
noise recorders have been developed which are self-contained
battery-powered units containing a hydrophone and solidstate recorder.
There are also practical considerations such as the fact that
water and electricity do not mix well (so that hydrophones need to
be encapsulated in water-proof acoustically-transparent coatings).
Hydrophones operate differently to a standard microphone and
are typically piezoelectric, sometimes with an integral preamplifier to the drive long connecting cables needed for deployment.
Piezoelectric transducers develop a voltage across their electrodes
proportional to the stress caused by acoustic waves. Some
hydrophones can also be used in the reverse and can emit sound
when excited by an electric current.

Differences between analysis of sound in
air and in water
Much of the analysis undertaken is similar to air acoustics, with

frequency analysis commonplace, and third-octave band
analysis frequently used in assessment of impact of noise on
marine life. As with air acoustics, quantities are commonly
expressed in decibels, and the primary measured quantity is
sound pressure level. As an acoustic consultant primarily interested in measurement of sound in air, perhaps the most obvious
differences in the assessment of sound in water are:
• The reference sound pressure is different (20 μPa for sound in
air and 1 μPa for sound in water),
• The much wider frequency range means that analysis is often
undertaken at ultrasonic frequencies far greater than the
audible frequency range commonly used in air acoustics, and
such analysis requires hardware and software with higher bandwidths and sampling frequencies,
• The acoustic output of a source is rarely described in terms
of sound power (as in air acoustics), and instead the concept
of “source level” is used. This parameter originates in the socalled “sonar equations” and is determined by measuring the
received sound pressure level in the acoustic far-field and
correcting for the propagation loss between the receiver and
the source;
• The greater acoustic impedance in water than in air means that
the acoustic pressure is much higher in water for the same
acoustic power or energy input into the medium. Combined
with the different reference pressure level used, this means that
when expressed in decibels the sound pressure level values
encountered are much greater than those encountered in air
acoustics. It is also difficult to make meaningful comparisons of
perceived levels between humans in air and marine animals
in water.

Affairs

10.British Standards Institution, 2003. BS EN 61672-1:2003
Electroacoustics - Sound level meters - Part 1: Specifications.
London: BSI.
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Conclusion
It can be seen from the above that the measurement of sound in
water is different from that in air and that care must be taken
when an acoustician familiar with measurement in air expands
into measurement in water. In addition, those requiring such
measurements should be aware of the complexities and ensure
that a suitably competent acoustician is instructed.
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Figure 1. Typical instrumentation in underwater acoustics measurement
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New research findings support Institute’s
Sound Schools campaign
he Institute of Acoustics’ Sound Schools campaign has
received further strong backing in the form of research
which found that the classroom environment can affect a
child’s academic progress over a year by as much as 25%.
A year-long pilot study, by the University of Salford and architects Nightingale Associates, was carried out in seven Blackpool
primary schools. Thirty-four classrooms with differing learning
environments and age groups took part.
The study took two lines of inquiry. The first was to collect
data from 751 pupils, such as their age, gender and performance
level in maths, reading and writing, at the start and end of an
academic year.
The second evaluated the holistic classroom environment,
taking into account different design parameters, such as
classroom orientation, natural light and noise, temperature and
air quality. Other issues, such as flexibility of space, storage facilities and organisation, as well as use of colour, were evaluated.
This holistic assessment includes both classroom design
and use factors to identify what constitutes an effective
learning environment.
Notably, 73% of the variation in pupil performance driven at
the class level can be explained by the building environment
factors measured in this study.
Current findings suggest that placing an average pupil in the
least effective, rather than the most effective, classroom environment could affect their learning progress by as much as the
average improvement across one year.

T

‘Star role’ for
acoustic panels in
Hollywood movie

Professor Peter Barrett, School of the Built Environment,
University of Salford, said: “It has long been known that various
aspects of the built environment impact on people in buildings,
but this is the first time a holistic assessment has been made that
successfully links the overall impact directly to learning rates in
schools. The impact identified is in fact greater than we imagined
and the Salford team is looking forward to building on these
clear results.”
Peter Rogers, lead in the Sound Schools campaign, said: “This is
further clear evidence that all schools need to be built to the
suitable acoustic standards in order to provide children with the
best opportunities for success.
“Since the end of October the School Premises Regulations now
requires all schools to have ‘suitable’ acoustics, and the IOA is
working with the Education Funding Agency to develop the
standards that will define this, based on the current state of
knowledge, so there will be a serious responsibility on those
running schools to deliver improved environments.
“It remains to be seen whether the implication of this change
has been fully grasped, but it is a step towards society making sure
that our schools ‘sound good’."
The study, commissioned by ThiNK, the research and development team at Nightingale Associates, will continue for another 16
months and cover another 20 schools in different areas of the UK.
It is being funded by the Engineering and Physical Sciences
Research Council (EPSRC).

New Leaf:
Charlize Theron
with the panels

all panels developed by the Acoustics Group of London
South Bank University feature in the new Ridley Scott scifi film Prometheus.
The Leaf panels were created by international design company
Anne Kyyro Quinn which asked the group to improve the acoustic
characteristics, which it did by testing in its laboratory.
The panels then caught the eye of the set designers of
Prometheus at 20th Century Fox and as a result they appeared
twice in the movie, first in a futuristic office and then in a
bedroom scene.

W

New study investigates European noise
exposure estimation methods
new study has investigated five methods of estimating noise
exposure in EU countries and identified some of the reasons
for variation in the data they produce.
In order to comply with the European Noise Directive (END)1,
EU Member States have produced strategic maps of noise exposure.
These estimate the level of noise inhabitants are exposed to
and they are used to plan effective noise mitigation actions.
However, different methods for producing these maps are used

A
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by different Member States, which can produce contrasting results
and complicates cross-country comparisons.
The study explored what might be causing the differences in
estimates produced by five methods of noise mapping, by
comparing their results for the Pisa municipality in Italy. The
results could help inform efforts to help harmonise procedures for
producing strategic noise maps across the EU.
The five noise mapping methods were END, VBEB, NEAREST,

General
ALE and CLOSEST. These all aim to estimate the percentage of
people exposed to a range of noise levels, but they vary in their
calculation and assumptions.
For example, in END the noise exposure for inhabitants in a
building is assumed to be the maximum value of sound calculated
at the outer building façade, whereas CLOSEST assumes all inhabitants in a building are exposed to the sound level measured outside
the building at the geographical grid point (in terms of longitude
and latitude co-ordinates) closest to the building facade. CLOSEST
then reduces the sound level by 3 decibels (dB) to account for
reflections from the façade. Another major difference is that END
and CLOSEST provide a single value for all the inhabitants living in
the same building, whereas VBEB, NEAREST and ALE provide a
range of noise exposures for inhabitants in the same building.
The analysis revealed that the END method tends to overestimate the level of noise exposure compared to the other methods.
The VBEB method produces the lowest estimate of noise exposure.
The difference between these two methods depends on the level
of noise. There is little difference in results of the two methods at
low and high noise exposures, but there are large differences in
results for the mid-ranges i.e. between 55 and 62 dB for Lden
(weighted average levels for day, evening, night) and between 45
to 53 dB for Lnight (night time exposure).
The CLOSEST method presented similar estimates to the VBEB
on a large geographic scale, but the differences between the
methods were greater when measuring noise exposure for a small
area. The difference between the results of the methods also
depended on the source of the noise. For example, there was very
little difference between END and VBEB when the noise was from
an airport, probably because airports produce a more homogenous noise than road traffic. Another factor that influences the
variation in results was whether only main roads were considered
or the entire road network. If only main roads were included in the
analysis, then both END and VBEB tended to produce lower

News

Pisa was chosen to compare the five
different noise mapping methods

estimates than other models.
There is clearly a large variation in how the different methods
estimate noise exposure and it is difficult to nominate one as
superior since their accuracy depends on context, for example
whether the noise map is for road traffic noise or airport noise. For
transparency and effective communication, the study recommends
the use of CLOSEST, which is a simple method that measures noise
at the geographical grid point closest to the building and is suitable
for informing the public about noise exposure.
*This article was first published in the European Commission’s
Science for Environmental Science newsletter. See Hepworth
Acoustics to produce world’s largest noise map on page 48.
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Researchers seek to improve acoustic
performance modelling
esearchers at the University of Salford have been awarded nearly
£250,000 to develop new technology which will greatly improve
the modelling of the acoustic performance of buildings and
open spaces.
The grant from the Engineering and Physical Sciences Research
Council will enable the Salford team to work with global design and engineering firm, Arup, the University of Reading and BBC R&D. Together they
hope to solve the problems associated with demonstrating to clients how
building designs for large spaces, like concert halls, sound once they’ve
been built.
In practice, designers programme the designs of a building or room
into a computer model which calculates how the structure affects the
sound sources which inhabit it, such as musicians in an orchestra. The
modified sound of the sources is then reproduced through a special loudspeaker system, allowing the client to hear what the building will sound
like in advance of it being constructed.
Some of the acoustic modelling technologies behind this approach are
currently not as accurate as they could be because they treat sound as a
beam rather than a wave and unusual acoustic features of the design can
make the calculated sound unrealistic. Real time interactive alterations
are also not possible – if a client requests a change to the design then the
model has to be recomputed.
Current acoustic modelling technology either suffers from these
problems or cannot be used to model mid and high pitch sounds due to

R

excessive requirements for computational power. However the aim of the
three year Salford project is to create a unified model which gives
accuracy for all conceivable scenarios without an unacceptable increase
in processing requirements.
It is hoped that this will not only allow models to be improved, but
also to be taken outside for use by town planners or into smaller buildings
such as schools.
The new algorithm will be developed with future support for real-time
interactive alterations in mind. In particular the team hopes that changes
to small parts of the building will only require changes to small parts of
the computer model, so they may be achieved with minimal processing.
They will also develop a new hardware interface which will connect the
loudspeaker system directly to the computer model.
Research Co-Investigator, Dr Jonathan Hargreaves from the University
of Salford’s School of Computing, Science & Engineering said: “This technology is currently used in large-scale projects to give the client an idea of
what the finished building will sound like. We feel that with new algorithms we can improve this experience dramatically and make it much
more realistic.
“In time, we hope that we are on a path where this modelling can be
cost-effective enough to use on smaller buildings such as homes or
schools, or accurate enough to be used for town planning purposes.”
The project will conclude in September 2015 following the completion
of theoretical and practical pilot studies.

Concert hall acoustics are set to
be improved by new technology

European Union to streamline
environmental impact assessments
he European Commission has announced new proposals to
streamline legislation on environmental impact assessments.

T

The proposals are intended to lighten administrative burdens
and make it easier to assess the potential impacts of major projects,
without weakening existing environmental safeguards. Current
levels of environmental protection will be strengthened, and, says
the Commission, businesses should enjoy a more harmonised
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regulatory framework.
Environment Commissioner Janez Potočnik said: "For the past
25 years, the EIA Directive has helped ensure that environmental
considerations are integrated into decision-making for projects. But
loopholes need to be fixed, in particular concerning the quality of
the assessment process, to make sure that projects that will affect
the environment are properly assessed."
The EIA Directive came into force more than 25 years ago. It

General
has been amended several times, but, following a wide stakeholder consultation, the Commission decided the time has come
for a comprehensive overhaul, adapting it to developments in
policy and to legal and technical developments.
The proposed changes include:
• Adjusting the procedure that determines whether an environmental assessment is needed. This will ensure that only projects
with significant environmental impacts are subject to such an
assessment. Projects adapted to reduce their impacts and
small–scale projects with local impacts should be approved more
swiftly at lower cost, leaving authorities more time to focus on
assessments of major projects with large-scale environmental
impacts.
• Strengthening rules to ensure better decision-making and avoid

Merger of two
European
underwater
conferences
he two major European-based underwater acoustic conferences, the European Conference on Underwater Acoustics
(ECUA) and the Underwater Acoustic Measurements:
Technologies and Results (UAM), have merged into one single
large conference covering all fields of underwater acoustics.
The new conference, the 1st International Conference and
Exhibition on Underwater Acoustics, will be held on Corfu from

T
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environmental damage. Ιmpacts from alternative proposals will
need more systematic consideration, and competent authorities
will need to explain the reasons behind their decisions more
clearly.
• Streamlining the various stages of the EIA process, by introducing
timeframes and a new mechanism to ease the process when
several assessments are required and several authorities involved.
These changes will bring more legal certainty and accelerate the
process, without compromising the quality of the assessment.
The proposed measures will now be considered by the European
Parliament and the Council. Once the text is agreed, it will become
EU law.
For more information, go to http://ec.europa.eu/environment/
eia/home.htm

23-28 June 2013 and will then be held every second year. In the
years when the conference is not being held, symposia on “hot”
topics in underwater acoustics will be arranged, according
to need.
The conference will comprise plenary sessions with invited
keynote lectures. A prominent series of structured oral sessions
with invited papers given by leading international scientists will
be organised by key persons actively engaged themselves in the
fronts of research in underwater acoustics.
In addition, most recent research results will be presented
in contributed papers forming the basis for regular oral and
poster sessions.
All papers presented at the ECUA merged with the UAM conference will be published in proceedings to be made available to all
registered participants on the first day of the conference. And they
will be freely accessible on this website like papers from the earlier
UAM conferences.
For more details go to http://www.uam-conferences.org
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Young IOA
members scoop top
ANC prizes
NC President Sue Bird presented two prizes to IOA members
at the joint IOA/ANC conferences dinner in Birmingham
in November.
The first, for the best project report by a student studying for
the Institute’s Diploma in Acoustics and Noise Control, was
awarded to Richard Shears, from Exeter City Council.
Richard’s project was entitled “An extreme environment stethoscope” and subtitled “Is it possible to adapt a stethoscope in order
to significantly mitigate background noise interference to enable
accurate auscultation in noisy environments?”
There were 10 projects reviewed by the ANC Board for this
award and this was the clear winner. Richard chose as his prize the
latest edition of Acoustics and Noise Control and also received a
cheque from ANC.
The other prize was for the best paper written and presented by
a young speaker at an Institute meeting and was limited to areas
of acoustics covered by ANC members. Nominations were made
by meeting chairmen.
The winner was Ned Crowe, from Arup Acoustics, for “Sky
Harlequin 1 – the acoustic design of naturally ventilated TV
studios”, presented at the Glasgow conference in 2011.
Ned’s prize, Why You Hear What You Hear: An Experiential
Approach to Sound, Music, and Psychoacoustics, was so newly
published that it was not yet available in the UK when the awards
were presented. Sue Bird presented him with a cheque and a
promise that the book was in the post.

A

Richard Shears receives the best project prize from Sue Bird

Ned Crowe receives the best paper prize from Sue Bird

Olympics 2012 –
from design to transformation
Vanguardia Consultancy’s involvement in the 2012 Olympic
began in 2007 when it was contracted to work on the
Olympic Stadium. Here Nicky Shiers, Senior Acoustic
Consultant, looks back on the firm’s contribution, which
required a multi-disciplinary approach, from acoustic design
through to management and operation. She hopes this will
be of interest to Bulletin readers as it is a good illustration of
just how diverse the role of acoustic consultancy can be.

Olympic Stadium
Vanguardia (VC) was commissioned to work on the Olympic
Stadium early in the design process, having previously partnered
with Sir Robert McAlpine on project briefs such as the O2 Arena. A
series of planning reports and assessments were produced in
order to meet the project’s requirements and ever-evolving brief,
resulting in detailed specifications including architectural acoustic
design advice, and sound system specification.
Three independent software packages were utilised; CATT
Acoustic for the architectural design; EASE to model the loudspeaker arrays; and IMMI for noise control predictions. The
team took a holistic approach to the design, focussing on the
audience experience.
The brief for the stadium bowl sound system required the
provision of voice only (for live safety announcements), and light
music. The team worked with system supplier Protech, ensuring
sufficient speech intelligibility could be attained by implementing
a full system acoustic factory test prior to commissioning P30
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P28 the system. This testing avoided any later surprises and
improved the speed of installation at the stadium. The installed
system encompassed 56 clusters totalling 152 Electro-Voice loudspeakers, with DSP and amplifiers networked using Iris Net
software. A single touch screen provided a control to all elements,
from input through to audio distribution.

Common domain
In 2010 the Olympic Delivery Authority (ODA) levied a requirement for a public information sound system to encompass all
connecting paths and entrances within the Olympic Park. To
ensure a cohesive infrastructure, VC’s engineers liaised with the
Arup and Atkins design teams working on the north and south
areas of the park respectively. This was to make certain that all
necessary duct work and utilities were provided, and to coordinate
locations for loudspeaker columns and equipment cabinets. EASE
modelling was used to predict coverage.
The final system comprised 300 loudspeakers mounted on 150
columns throughout the 12 designated zones. Connectivity was
provided by the park’s fibre network to each of 12 amplifier
cabinets housing Labgroup amps. System control was provided by
a touch screen interface which was used to provide live and prerecorded announcements, and background music. The likely offsite impact of the Common Domain System was predicted using
IMMI software and various volume and zoning controls were
employed to minimise any disturbance.

Independent venue review
Prior to venue signoff, the ODA required independent acoustic
reviews of a number of venues within the park, with acoustic
design advice and expertise provided when required. Venues

The Olympic Stadium
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included two temporary structures: the basketball arena and
water polo pool; the handball arena; the aquatic park; and
the Velodrome.
The Velodrome became one of the summer’s most iconic
venues, playing host to the track cycling events. VC was appointed
to evaluate the installed sound system, which did not meet
necessary intelligibility and zoning requirements. Attempts to
improve the existing system failed, and it was decided to redesign
and commission a new sound system. This presented a number of
challenges within a tight timescale. Firstly, the system needed to
compensate for the extremely ‘lively’ acoustic environment within
the bowl; ensuring announcements were intelligible, as well as
producing high quality music playback. Secondly the load limit of
the roof structure restricted the loudspeaker type and weight to be
used. Working with structural engineers, the design team identified point loads provided by the ceiling structure, which could
then be used to mount the loudspeakers.
The final installed system comprised German d&b
audiotechnik loudspeakers and amplifiers with signal distribution
via Dante to Lake LM44 controllers at each rack location. The
system was also integrated with the venue’s fire alarm system,
providing a voice alarm function in the seating bowl.

Noise management and operational support
at the Olympic Park
In 2010 VC were approached to provide noise advice and information required to discharge the planning and licensing conditions
for the management of noise from the Olympic Park during the
Games. Twelve bespoke noise management plans were prepared,
(one for each licensable area), with responsibilities for the noise
management allocated to each venue manager. The plans

General
considered all of the activities which were taking place before,
during and post the Olympic and Paralympic Games.
In addition, a comprehensive IMMI model was produced
which predicted the likely impact of all of the temporary plant and
machinery associated with each venue. Both of these projects
produced “live” documents which were undergoing changes on
almost a weekly basis right up until the opening ceremony.
During the Games regular checks were carried out to monitor
compliance with the agreed targets.
VC’s engineers also provided operational support for all inhouse sound systems at the park throughout the Olympic period,
with 24 hour onsite coverage.

Noise management – BT London live events
During The Games, London’s Hyde Park and Victoria Park played
host to a series of live music concerts, Olympic event screenings

News

and ‘have a go’ sports activities.
Having worked with client Live Nation and the Royal Parks to
provide noise management at concerts and festivals for over 15
years, VC’s acoustic consultants worked successfully with sound
production companies to ensure music levels were controlled
during these events in accordance with licensing conditions.

Conclusion
Following the great success of the Games, many of the venues
will remain, but some will be transformed for different uses.
The Velodrome is now home to the Lea Valley Cycling Club, and
the sound system will continue to provide production sound far
into the future. Work on the transformation of the Olympic
Stadium has begun, with VC’s engineers once more involved in
the process.

Project to create ‘sound map of Britain’
coustic engineers at the University of Salford have launched
a unique project to create a “sound map of Britain”.

A

Members of the public are invited to use the project app on
their iPhone, iPad or any digital recorder to record short audio
clips from different environments, such as a local park or a street,
and upload them to add to the soundscape map with their
opinion on how it makes them feel and why they recorded it.
The study aims to get a better understanding of what gives a
place character and how opinions and attitudes to sound environments vary.
PhD student Charlie Mydlarz, who is leading the study,
explained: "We're asking people to record the sound of any environment they choose, and that includes both public and private
spaces, so recordings could capture anything from a family car
journey to a busy shopping centre.
"And by using everyday technology to get people involved, this
has the potential to be the largest study of its kind. We'll be
producing the first ever sound map purely for research purposes,
the findings of which could have far reaching uses from psychological research to town planning."
While existing studies tend to focus on volume, with loud

assumed noisy and undesirable and quiet as desirable, this study
will investigate the idea that there is no such thing as “noise”,
simply sound that is out-of-place or context.
For example, the sound of a busy street and shouting voices
may be unpleasant and out-of-place in a quiet residential area but
is an essential part of the “atmosphere” and personality of a
market.
The university believes the sound map of Britain could be
useful in a variety of ways, for example, for urban planners or
people checking out an area ahead of buying a house.
And in raising awareness of how our sound environment influences us, researchers hope that participants will embrace a new
“language of sound”. For example, rather than “landmarks” and
“landscapes” people might describe distinctive features of their
sound environment or soundscapes, as “soundmarks” and value
them as highly as an attractive country vista or dramatic urban
skyline.
For more details, go to http://www.salford.ac.uk/homepage/news/2012/acoustic-engineers-at-the-university-ofsalford-have-launched-a-unique-project-to-create-a-soundmap-of-britain

Study finds noisy homes are growing
problem in UK
oisy homes are damaging the health and wealth of UK
householders and action is now needed to design quieter
homes and urban neighbourhoods.
Those are the core findings of new research commissioned by
insulation specialist Rockwool among UK property professionals
which found that almost two-thirds (64%) said the UK needed
quieter homes, with 77% saying levels of noise were damaging
people’s health.
As a result of the findings, Rockwool is, with the Noise
Abatement Society, putting together a “Noise Manifesto” to
present to the Government and industry to impress on them the
need for noise reduction.
Of the 206 architects, planners, estate agents and property
experts questioned in the survey, 94% said noise had a material
impact on people’s enjoyment of their homes, with 70 % stating
that noisy homes would command a lower re-sale price in future.
In addition, 77% believed noises had a detrimental impact on

N

householders’ health.
A further 68% of those questioned stated that urban areas were
getting noisier and said sound insulation levels in buildings
needed to be improved to ensure they remained effective.
The findings came ahead of a “national noise summit”
organised in Westminster by Rockwool and the Noise Abatement
Society which brought together acousticians, architects, developers and planners in an attempt to find new ways to address the
issue of noise in urban buildings.
Thomas Heldgaard, Rockwool UK Managing Director, said:
“Noise is a serious and growing problem for householders in
urban Britain, and our study shows that it is having a profound
impact, with property professional recognising action is now
needed to design quieter homes.
“Tackling noise has to be a priority for architects, builders, the
Government and local authority planners.”
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The Acoustics of Stonehenge
Report by Bruno Fazenda of the University of Salford

Introduction
Stonehenge1 is the largest and most complex ancient stone circle
known to mankind. In its original form, the concentric shape of
stone rings would have surrounded an individual both visually and
aurally. It is an outdoor space and most archaeological evidence
suggests it did not have a roof. However, its large, semi-enclosed
structure, with many reflecting surfaces, would have reflected and
diffracted sound within the space creating an unusual acoustic
field for the Neolithic Man. This article reports on research that is
being undertaken to unravel the acoustic response of Stonehenge.
As the monument is in ruins, a concrete replica has been used as a
full size model for the acoustic measurements. The following
questions have guided our research efforts:
1. Would the peculiar shape of Stonehenge exhibit strange
acoustic effects?
2. How did the construction phases affect the acoustic response?
3. Could there have been acoustic intentionality in the design?
4. Could we tell something about its use from its acoustic
properties?
5. What would it have sounded like when it was fully built?

Archaeological summary
A recent synthesis of research about Stonehenge, based not only
on recent excavations but also on previous ones, has revealed
more than we have ever known about the site (Pearson, 2012).
Aspects relevant to our acoustic investigation are now
summarised. The construction of the site took place between 3000
BC and 1500 BC. It is attributed to early farming communities
living in Britain at the time, themselves descendants of earlier
hunter-gatherers and migrants from western Europe. Stonehenge
is not an isolated structure but part of a large complex around the
river Avon valley. The area shows evidence of community living
and burial rituals that extend beyond the early stages of construction of the stone circle itself. The features found here are typical of
sites elsewhere in the British Isles. There is evidence of other
timber and stone circles in the area. Although some of these
circles appear to have been built with specific astronomical alignments, there is also compelling evidence to suggest that these
circles might have been part of ritual ceremonies related to the
dead. The actual construction of Stonehenge and other large
structures nearby is a testimony to the existing social organisation
which would have been required to mobilise and manage the
people involved. There is evidence of remarkable engineering and
architectural skills which might have been a trade mark of
societies of the time. The recent archaeological studies have dated
the possible phase of construction for Stonehenge as follows:
1. Middle Neolithic 3000-2929 BC. Construction of bank and
ditch around 100 metres in diameter with a circle of 56 bluestones just inside it. The existence of this circle has been
inferred from the 56 Aubrey holes found on site. A number of
upright posts and at least three standing stones would have
existed within the circular enclosure. A line of standing stones
just outside the main entrance through the bank and ditch
provides a southwest-northeast sightline for the midsummer
and midwinter solstice alignments for a viewer standing in the
centre of the structure.
2. Late Neolithic 2620-2480 BC. Five trilithons erected in a
horseshoe shape aligned to south west-north east axis.
Rearrangement of blue stones originally at the Aubrey holes
into a double arc, known as the Q and R holes, just outside the
trilithons. Construction of the sarsen circle.
3. Copper Age 2480-2280 BC. Avenue aligned to summer and
1 This is an excerpt from a book chapter with the same title, to be
published in the book Acoustics and Music of British Pre-History.
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winter solstices is built. A circular arrangement of bluestones is
placed within the trilithons.
4. Early Bronze Age 2280-2020 BC. Double arc of bluestones originally in the Q and R holes is rearranged into a circle of blue
stones running radially equidistant from the sarsen ring,
outside the trilithons (2270-2020 BC). The circle of blue stones
within the trilithons is rearranged into an oval shape fitting into
the trilithon's horseshoe shape (2210-1930 BC).
5. Middle Bronze Age 1680-1520 BC. Organised use of circle is
abandoned.

Aubrey Circle
Perhaps the first time acoustic effects at Stonehenge were noticed
was during its first phase of construction which corresponds to the
bank and ditch and the 56 Aubrey holes which are now believed to
have held blue stones in them. I will call this early Stonehenge ring
the Aubrey Circle. An identical Stone Ring of this size still exists as
the Ring of Brodgar in the Orkneys. A brief overview of the likely
effects of such a structure is now given. A fuller investigation of this
is presented in the associated book chapter.
The evidence is that a large diameter stone ring does present a
discernible echo, particularly from the centre of the circle where
reflections from each stone are focussed. Testimonies from visits
to the Ring of Brodgar have reported a noticeable echo. Watson
comments on the sound of echoes within the ring
(http://www.monumental.uk.com) stating they are extremely
quiet for hand claps and vocalisations under adverse background
conditions but audible under quiet conditions. Watson also
mentions, as expected, that it is at the centre where the effect is
most notable. Other examples of circular structures, such as the
McCaig's Tower in Oban, Scotland, are existing evidence that such
structures do indeed exhibit audible echoes despite the existence
of large gaps between the reflective surfaces through which some
of the acoustic energy escapes. An example of the echoes present
at McCaig's Tower is presented in Figure 1.2. What we can see in
the plot is the impulse generated by a hand clap, which is defined
as the onset time for the impulse response followed by reflections
from the surfaces within the space.
What is clear in this example is that two very distinctive P34

Figure 1.1: Diagram of Stonehenge ca 2000 BC. Shaded stones are still
standing in existing monument. Source and microphone positions used for
measurements are indicated.
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P32 reflections arrive at time intervals of 140 and 180 ms approximately. Audition of this sample (see material on the webpage)
reveals these two reflections as very clear echoes. Some simple
extrapolations from this measurement, together with the testimonies from the Ring of Brodgar, suggest that it is very likely that
the Aubrey Circle would have presented clear, audible echoes.
What then can we assume of the interaction of the Aubrey circle
builders and users with this acoustic effect? If we consider that in a
pre-historic world, free from the modern acoustic pollution and
where individual survival depended more strongly on the acuity of
the senses, humans would have been much more aware of the aural
environment around them. In such conditions, an unusual effect,
such as the focussing echo discussed here, would have caught
people's attention, just as it does today. We can assume that these
people would have registered such an effect and perhaps even used
it as an amusing peculiarity of the space in a similar way we might
now find amusing to clap or shout at an echo. Furthermore, as
observant and curious people, who had developed skills in engineering, architecture and astronomy, they would have also made a
note that such large circular structures exhibit this effect and
possibly even held this as cultural knowledge in the same way
modern architects and acousticians are aware of effects such as
echoes, resonances and reverberation in architectural acoustics.

Maryhill Stonehenge
We now move forward 1,000 years in time to investigate the
acoustic sound field of a fully finished Stonehenge. An identical
replica of the Stonehenge monument, as it is believed to have
existed at around 2000 BC in its final stage of use, exists in
Maryhill, Washington State, USA. The “Maryhill Stonehenge” is a
full size replica, built in 1929 as a memorial to the soldiers of the
First World War. This replica is perhaps a much more complete
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visual and aural representation of the original monument than
Stonehenge as it is today. It provides the closest proxy of the
original building available today and the basis of our investigation. Acoustic measurements at Maryhill provide a good insight
into the acoustic response of the original Stonehenge monument.
Although Maryhill has been built as a replica, there are a few
differences that require some discussion before it can be used as a
case study for the acoustics of Stonehenge. The main differences
between the two structures are: the properties of the stone
material; the shape of the stones and their surfaces; the ground
cover within the circle and; the geographical setting. In terms of
material properties (i.e. absorption coefficient), stone and concrete
are considered so similar that physics and acoustics textbooks list
them under the same heading on absorption coefficient tables
(Gupta). Therefore we should expect stones at Maryhill and
Stonhenge to behave similarly in term of absorption. Figure 1.3
shows how stones at Stonehenge appear to have been dressed into
a smooth convex shape whilst the “stones” at Maryhill show deliberate corrugations to make them less like smooth concrete. The
corrugations on Maryhill's surfaces are likely to provide scattering
of wavelengths shorter than about 2cm, which corresponds to such
high frequencies that, in my opinion, the differences are imperceptible. The stones at Maryhill are also more regular in shape, i.e.
closer to a cuboid, whereas the semi-natural shape of the stones at
Stonehenge is much more irregular. The less regular shape of
stones at Stonehenge is likely to provide more scattering at midfrequencies where the irregularities correspond to wavelengths
smaller than about 30cm. The ground cover at Maryhill is gravel
whereas Stonehenge has a grass covered chalky ground. Gravel has
higher absorption at low frequencies and lower absorption at
higher frequencies when compared with grass (Egan, 2007). In
summary, we should expect: i) more low frequency absorption

Figure 1.2: Hand clap in McCaig's Tower in Oban, Scotland.

Figure 1.4: Measured reverberation times at Maryhill and Stonehenge.
Average figures in legend are for the 500-2KHz frequency range.

Figure 1.3: The two structures under study.

Figure 1.5: Impulse response measured at Maryhill. Source and receiver are
placed close to the centre of the circle
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due to ground cover; ii) less scattering at mid- to high-frequencies due to the regularity of the stones and; iii) no differences in
stone absorption, between Maryhill and Stonehenge. This means
that Maryhill will tend to under emphasise low frequency effects
such as resonances but perhaps over emphasise high frequency
ones such as reflections and echoes.
Stonehenge: the stones have been dressed to have a smoother
face and a convex shape. The ground cover is grass.
Maryhill: the stones are regular cuboids and the surfaces have
been profiled to appear like stone. The ground cover is gravel.
To study the acoustics of Maryhill we wanted to measure
impulse responses at various points within the circle. In order to
adequately cover the lower frequency range, we used a sub-woofer.
This provides a combined source that is able to excite the space
within the 40Hz to 10 kHz frequency range with an omnidirectional polar response. The subwoofer was placed on the floor and
the dode was placed directly above it at a height of approximately
1.6m. In order to measure the impulse response we have used the
sine sweep method. The excitation signal used was a 10 second
log-sweep. The acoustic response of the space at various source
and receiver positions was captured using an omnidirectional
reference microphone. Microphones were positioned at an average
standing head height of 1.6m. All measurements presented for the
Maryhill site were obtained using WinMLS software, a modern
personal computer and a Focusrite Saffire Pro 10 soundcard, at 16
bit, 48kHz sample rate. As measurements were taken outdoors,
power was provided via a generator where due care was taken to
minimise noise contamination onto the measured responses.

Reverberation
Reverberation time was derived from impulse response measurements taken at various source and receiver positions within
Maryhill. Average RTs for each frequency band are presented in
Figure 1.4. The average (500-2000Hz) RT for Maryhill is 0.7
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seconds which is representative of a small hall used for speech
such as a drama theatre (Barron, 2009). Examples of historic
theatres in the UK with similar RTs are the Wyndham's Theatre in
London (0.7s), the Arts Theatre in Cambridge (0.7s) and the
Theatre Royal in Bristol (0.8s). All these theatres have been built in
the last three centuries and they all have a roof which makes it all
the more surprising that an open structure such as Stonehenge
would have sustained a fairly noticeable reverberant environment.
So, what is it about the structure of this complex stone circle that
affords it this response? The investigation of the following two
acoustic features might hold the answer.

Echoes
A circular building, or simply a large convex surface area in a
building, typically causes strong echoes at its focal point. In good
acoustic design for performance spaces such features are often
avoided. As has been discussed above, stone circles may exhibit
this effect even when other features exist within the circle. It might
thus be unclear whether such effect is present at the last phase of
Stonehenge, since it consists not only of one but four concentric
rings. In order to investigate the existence of such an effect we can
once again look to the impulse response to find evidence of reflections that may elicit an echo like response.
Figure 1.5 shows the impulse response measured at Maryhill
with both source and receiver positioned close to the centre of the
circle. This measurement position is illustrated in Figure 1.1. This
result corresponds to source position 1 and microphone position 1.
In general, direct plots of the impulse response are difficult to
interpret and weakly representative of the way humans perceive
sound, so we turn to the ETC in Figure 1.6, derived from this measurement, for a more informative analysis. In the case depicted here
it is clear that reflected energy arrives at a relatively loud level
immediately after the direct sound. This is evidence of very early
reflections originating close to either the source, the receiver, P36
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P35 or both. In perceptual terms this means that instead of
distinct echoes, the high density of reflections creates something
closer to reverberation. It is interesting to note that both plots show
a clear reflection at around 100ms. In terms of propagation path
from centre to periphery of the stone circle this corresponds to
reflections from the outer sarsen circle at approximately 16 metres
from source and receiver. This could be construed as evidence of an
echo in the space. However, anecdotally, this echo was not noticeable during our visits to the site and neither can it be heard during
audition of the measured responses (available online for audition).
A reasonable explanation for this is that a combination of its relatively short 100ms delay and the high density of reflections arriving
before and after this particular echo render it inaudible in the midst
of the natural reverberation of the space.
Other responses measured in the space (not shown here)
show a fairly homogeneous sound decay with no evidence of
clear echoes. It appears that the general response within the space
is characterised by reflections arriving in a quick succession,
rather than discrete audible echoes, and this happens regardless
of where source or receiver are placed. The investigation of the
whispering gallery effect reveals a little more of the acoustic
mechanisms that might be responsible for generating this particular response.

Stonehenge

The whispering gallery effect is created as sound waves travel
tangentially around a curved inner wall and reach a distant
location on that same wall without having lost much of their
energy. In effect, the curved surface acts as a uniform channel,
known as a waveguide, allowing the propagating wave-front to
keep its shape and level. Whispering gallery effects are common
near cylindrical interior surfaces and were reported as a useful

This study would not be complete without an acoustic measurement of Stonehenge itself. The Stonehenge site is in ruins. All
around, many of the stones have toppled over and lie at on the
floor. None of the circles is intact, but there is about a half-circle
still standing. The ground surface is grass, which is regularly
trimmed. No other features exist inside the circle, apart from the
existing stones. A section of the outer sarsen circle which is still
standing with the original lintels in place can be seen as shaded
stones in Figure 1.1.
During a site visit in May 2009, at sunrise before the site is

Figure 1.6: Energy Time Curve measured at Maryhill. Source and receiver
are placed close to the centre of the circle

Figure 1.8: Energy time curve measured at Stonehenge. Source and receiver
placed at the centre of circle

Figure 1.7: Impulse response measured at Stonehenge. Source and receiver
placed at the centre of circle

Figure 1.9: Energy time curved measured at Stonehenge. Source at north
west edge of sarsen circle and microphone at centre.

Whispering gallery effects
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way of passing information, in the form of whispers, from one
point near the surface to another point so far away that direct,
straight line propagation would not be heard. In some places,
such as the Grand Central Station in New York, this effect is even
said to be used for marriage proposals!
Stonehenge's outer sarsen ring of stones not only matches the
circular shape but also the diameter of St Paul's Cathedral in
London, which is well known for its whispering gallery effect. Insitu, an informal investigation has revealed this effect was not
present. To investigate why such effect was not found we have
used a numerical model which allows a real time visualisation of
wave propagation within the space. The simulation results,
available online, show that due to a large amount of diffraction
caused as the wave propagates along the stone-gap-stone arrangement, the propagating wavefronts get progressively destroyed by
interaction with reflected and diffracted waves of the stones and
the gaps between them. Consequently, a clearly defined
wavefront, that would carry an audible whisper along the
periphery, is no longer present after the wave has propagated
about 1/8 of the circle's periphery.

Acoustics Bulletin January/February 2013

Technical
open to visitors, we took some measurements. No connection
to electrical mains, power generators or starting pistols were
allowed on site, thus the measurements were carried out using the
balloon burst method (Patynen et al., 2011). This method is similar
to the hand clap method in the sense that it provides a short burst
of energy, an impulse that excites the space. Even though repeatability is improved over the hand clap method, the results still vary
considerably within measurements. One of the advantages of the
balloon method is that it is a much louder source than hand claps.
The acoustic response was captured using a high quality reference
microphone and stored in a digital recorder.
Looking for the evidence of discernible echoes, we took a measurement with the receiver in the centre and the source close by.
This is shown in Figure 1.7 and Figure 1.8 as an impulse response
and ETC respectively. One of the first obvious differences between
this measurement and those obtained at Maryhill is the rate of
decay of energy. Clearly the acoustic response measured within the
original Stonehenge is very short. The ETC shows a few early reflections within 20ms, which after simple calculations can be associated with the floor, toppled stones very near to the microphone
position and the first set of standing stones in the inner circles
(trilithons and some of the closer blue stones). The early nature of
these reflections make them imperceptible as echoes even if their
level of arrival was higher than it is. Another set of reflections can
be seen at about 40ms, 60ms and 90ms. These are likely to be associated with the few standing stones forming the trilithons, blue
stone and outer sarsen circles respectively.
There are two potential candidates for the echo perceived
during the visit to Stonehenge which appear in the ETC plotted in
Figure 1.8. These can be seen at around 60ms and in the region
between 80ms and 90ms. For the latter, and based on their late
time of arrival and low level, it can be construed that this energy
may explain the very faint but audible echo when clapping or
playing percussive instruments at the centre of the current
Stonehenge. Importantly, such form, with clear lines of sight (and
sound) between the centre and the outer sarsen ring, would not
have existed in the original Stonehenge. Standing in the way,
would have been the inner ring of blue stones. As we have seen in
section 1.4 this is an important aspect in preventing clear, audible
echoes within the space.
Other source-receiver scenarios reveal higher density of early
reflections within 10ms to 20ms since the receiver position is no
longer in the centre and thus closer to reflective sources. In
essence, at source and/or receiver positions away from the centre
there is no evidence of discernible echoes, the reflected energy
decays linearly throughout the response (see Figure 1.9).
Results for RT measured at Stonehenge are presented in Figure
1.4. It is clear the reverberation is low, averaging 0.5 seconds and,
especially towards the lower frequency range, most of the reverberant energy is lost when compared to the response of the full
structure at Maryhill. This result is not surprising since most
potential reflecting surfaces, the rings of stones, have been
toppled or removed. As such, the space is almost entirely open
with very few surfaces preserving the sound enclosed within the
circle effectively rendering the discussion of acoustic effects at
current Stonehenge somewhat meaningless and unrepresentative
of the finished structure which existed around 2000 BC.

Concluding thoughts
Based on some of the evidence discussed in this article we can
now, more appropriately, answer the questions set out at the start.
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1. Would the peculiar shape of Stonehenge exhibit strange
acoustic effects? It is clear that although an outdoor site
without fully enclosing boundaries, Stonehenge is not totally
devoid of noticeable acoustic effects.
2. How did the construction phases affect the acoustic response?
The various phases of construction would have revealed
changing acoustic responses. These would have been noticeable as discernible echoes in the early large circle towards the
more complex reverberant space in the latter stages.
3. Could there have been acoustic intentionality in the design?
There is no clear evidence to suggest this. However, it could be
argued that such high level community endeavours would have
to be supported by architectural and engineering development
which must have involved inquiry and gradual awareness of
acoustic effects.
4. Could we tell something about its use from its acoustic properties? Acoustic properties by themselves do not directly suggest
any particular use. However, we know from our own modern
experience in cathedrals and temples that ritualistic use of
spaces often interacts and uses the acoustic environment. We
know in this case that the acoustic environment would have
been unusual but also supporting of rituals that would invariably have acoustic activity.
5. What would it have sounded like when it was fully built?
Although outside the scope of this article, a number of measurements using ambisonic technology, together with more
accurate modelling of the space have enabled a rendition of
acoustic sources within the final stage Stonehenge. A binaural
rendition can be auditioned on the associated website.
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Predicting environmental noise from
industrial exhaust stacks
Report by Simon Stephenson of Xodus Group

Introduction
On industrial sites there is a need to dispose of waste gases, such
as spent combustion gas, from the processes. Those gases are
generally exhausted to the ambient air through exhaust
(sometimes called chimney) stacks. As well as exhausting gas into
the atmosphere, such stacks can also allow process noise,
generated within the process equipment, to be emitted. The outlet
of exhaust stacks is often very directional and this needs to be
taken into account when assessing noise from them and other
ducts which are open to atmosphere, such as certain vents and
air intakes.
Understanding the way that sound propagates away from a
source is fundamental in both predicting the impact of a potential
development and investigating problems which arise in operating
plant. Noise from exhaust stacks can often be challenging to
identify due to difficulties in measuring at the stack exit.
Directivity characteristics mean that noise which is audible in the
community is not always audible at ground level, near the base of
the stack. Even when the directional characteristics of stacks are
well understood, the interaction between directivity and meteorological conditions is often overlooked. Because of this, it is not
unusual for exhaust stack noise to be significantly underestimated
during investigations following noise complaints or, indeed,
during the EIA and design stages of the project.
This article sets out to examine the combination of directivity
and noise propagation effects which can potentially lead to high
levels of noise at distances away from the exhaust stack.

Refraction due to wind

absorption, ground effects etc.
It is common experience that wind affects the way in which
sound propagates, with noise levels downwind of a source being
louder than upwind. Wind velocity generally increases with height
due to friction of the airstream closer to the ground. This wind
gradient causes sound waves to refract upwards in an upwind
direction and downwards in a downwind direction (see Figure 1).
Further refraction effects are caused by temperature gradients in
the atmosphere with sound being refracted upwards or
downwards depending on whether there is a temperature lapse
or inversion.
The majority of environmental noise propagation standards
(e.g. ISO 9613) assume conditions favourable to the propagation
of sound, i.e. light downwind or under a moderate temperature
inversion, although some propagation models allow a meteorological correction to be applied to account for long-term meteorological patterns. Other noise propagation models, such as Concawe,
allow generalised wind refraction effects to be taken into account
for various wind speed vectors, including upwind and downwind
propagation. Such propagation models typically utilise a combination of the Pasquill Stability Category (representing the temperature gradient) and vector wind speeds to determine attenuation
due to refraction effects. Figure 2 shows a theoretical relationship
between the wind speed at 10 m height and radius of curvature of
the refracted sound “ray”, assuming a moderate temperature
inversion. It should be noted, however, that these are derived
making simplistic assumptions about wind and temperature
gradients and do not take into account other factors such as
local turbulence.

Increasing the distance from a noise source normally results in the
level of noise getting quieter, due primarily to geometrical
spreading but also due to other mechanisms, such as atmospheric

FIGURE 1: Refraction of sound waves due to wind gradients (increasing
wind speed with height)

FIGURE 2: Theoretical relationship between wind speed and radius of
curvature of refracted “ray”
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Stack directivity

FIGURE 3: Directivity of
exhaust stack

Exhaust stacks, and other
open ducts, have a relatively
high degree of directivity. It
would seem intuitive that
more noise is released
upwards into the atmosphere
(on axis with the flue gas)
than to the sides or below
the lip of the stack. In fact,
the effect is rather complex
and depends on factors such
as the frequency of the
sound, stack exit dimensions, exhaust gas velocity
and the temperature of the
exhaust gas. The directivity
index (DI) is defined as the

FIGURE 4: Measurements of exhaust stack directivity (DI vs. ka)

Technical
intensity in any direction (Iθ‚) divided by the average intensity
over all possible directions, Iaverage, i.e.:

Figure 3 shows a typical directivity pattern around an exhaust
stack exit.
There are several methods available for estimating the directivity of a stack exit (e.g. Bies and Hansen, VDI 2714, BBN). These
usually specify a relationship between the parameter ka and the
directivity index. The ka parameter is effectively the ratio of the
radius of the opening to the wavelength of the sound and is calculated as follows:

Where k is the wavenumber, a is the stack radius, f is frequency
and c is the speed of sound.
Figure 4 shows an example exhaust directivity plot for a gas
turbine exhaust measured by the author at varying angles from
the vertical axis (on axis with the flue gas). As would be expected,
there is a greater degree of directivity at higher frequencies and
this effect increases substantially at or below the level of the lip of
the stack (θ = 90º or more). This pattern correlates well with experimental and theoretical work by others (e.g. Davy 2009, Day and
Bennett 2008).

Combined effect of directivity and refraction
Effects due to wind refracting sound can combine with stack
directivity effects such that much higher noise levels can be
encountered further away from the stack than would otherwise be
predicted by geometrical divergence alone. For this reason, stack
noise predictions often underestimate the potential for noise
impacting further afield.
Figure 5 shows a representation of a sound “ray” leaving an
exhaust stack and being refracted due to wind or temperature
gradients in the atmosphere (not to scale). A higher wind speed or
temperature gradient would result in the radius of curvature of the
refracted “ray” becoming smaller. Consequently, the angle (θ) at
which a ray needs to exit the
stack in order to reach a
receiver point would become
smaller for larger wind or
temperature gradients. As a
result (refer to Figure 6), the
apparent sound power level
of the stack, as seen from the
receiver, would be higher.
Thus, although other nondirectional noise sources on
a site will appear to get
noisier at the receiver
location as the wind picks
up, noise from stacks can, in
FIGURE 5: Imission angle from an
many cases, increase by a
exhaust stack
substantially greater degree.

FIGURE 6: Stack exhaust imission levels taking into account various effects
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Potentially, the sound will come and go (due to changing wind
speeds) and the frequency characteristics will change with time
(due to changes in directivity as the imission angle changes),
making it subjectively more noticeable. This has the potential to
lead to a greater level of annoyance.

Determining the noise imission level
The noise imission level is the resultant noise at a receiver
location, after emission from a source. Figure 7 shows the steps
which need to be taken in order to determine the imission level of
a stack exit.
The sound power level of a stack can either be calculated or
measured. There are several options available, and these are:
• determine the sound power level of the stack by taking measurements near the stack exit – this usually requires the use of
cranes or large cherry pickers and can be quite dangerous due
to possible exposure to hot flue gases
• calculate the sound power of the stack exit based on knowledge
of the source noise level at the bottom of the stack (VDI 3733
provides a good engineering method for doing this)
• measure the sound in the stack duct and calculate the emitted
sound power level – this can be very complex due to problems
with high temperatures, flow induced turbulence on the transducer and correcting duct effects etc
• measure at some angle below the stack exit and correct for
directivity effects to determine sound power level.
Each of these methods presents its own set of complexities and
problems and there are several ways of tackling these. The chosen
method will depend on the type of project (e.g. whether at design stage,
EIA, complaint investigation etc.), the constraints for access and cost
considerations. However, as a general rule, it is clearly more desirable
to measure near the stack exit as this is likely to provide more accurate
data for the real operating conditions encountered. P40

FIGURE 7: Steps to calculate noise imission level at receiver due to stack
exit

FIGURE 8: Comparison between sound power level of a stack as derived using ISO
10494 against measurements over a range of angles over the enveloping surface
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FIGURE 9: Predicted noise contours due to GT exhaust accounting for stack directivity (VDI standard) and downwind propagation (Concawe) under prevailing wind conditions
P39 ISO 10494 presents a method for determining the sound
power level of a stack exit. The standard is based on taking measurements at a defined angle of 20º above and below the lip of the
stack (horizontal axis), integrating over an assumed surface area
and then summing the upper and lower surfaces to derive a sound
power level. One problem with this standard is that it is only
intended to be used for (in the case of circular cross section
stacks) exhaust stacks with a diameter of less than 1 m. Using the
standard on a larger exhaust stack (such as those commonly
found in power stations, refineries and other major industrial
developments) will result in errors due to miscalculation of the
measurement surface area in addition to errors due to geometric
near-field effects.
However, the main problem with this method is that the
measured apparent sound power level does not relate to the “true”
sound power level of the stack as would be measured by taking an
all-encompassing measurement around the exhaust stack exit or,
indeed, the apparent sound power level as would impinge at the
receiver position. Figure 8 shows a comparison of the measured
sound power level using the ISO standard compared against a
measurement of sound power level made using measurements
over a range of angles across the enveloping surface. In this particular case, the difference in the overall sound power level was
significant (10 dBA) with the ISO standard yielding lower results.
If the sound power level is to be used in conjunction with
corrections for directivity to estimate the sound pressure level at a
receiver location, it is clearly desirable for that sound power level
to be defined correctly. Consequently, it is considered that measurements over the enveloping surface present a better method of
determining sound power for exhaust stacks than those determine
using the ISO standard. It is recognised, however, that it is not
always practicable to take such measurements due to access
restraints and safety considerations (not least due to the exhaust
flue gas temperature). An alternative to the ISO 10494 methodology is to take sound pressure (or intensity) measurements at a
range of angles and distances from the stack exit (though not
necessarily over the entire surface) and to apply directivity corrections to these measurements. The benefit of this method is that
the results yield a sound power level which can be used directly in
conjunction with directivity corrections to give the correct
apparent sound power level at any angle. Although this is based
on applying theoretical or empirical corrections, it is considered
that this would be preferential to determining a pseudo sound
power level which has no real basis for application in noise propagation modelling.
An alternative might be to take measurements at one defined
angle where the directivity effects require minimum correction to
elicit the overall sound power level. It is suggested that measurements at an angle of 45 - 60º from the vertical would elicit a result
requiring no significant correction (see Figure 4), particularly for
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FIGURE 10: Comparison of predicted noise level due to GT exhaust
accounting for stack directivity and downwind propagation against measured
sound pressure level (downwind)

the lower and mid frequencies, which are usually those of greatest
concern (higher frequencies are subject to higher losses due to
atmospheric absorption). It is considered that this could provide a
reasonably robust and simple measurement technique.
Once the sound power level of the stack has been determined,
it is then necessary to apply corrections to this level to account for
directivity, as seen from the receiver position. As discussed previously, this means that it is necessary to calculate the angle at
which a sound “ray” leaving the stack exit would impinge on the
receiver (i.e. the imission angle). The German standards VDI 2714
and VDI 3733 present a useful methodology for determining the
directivity characteristics of a stack exit based on these very
considerations. An imission angle is calculated based on the
height of the stack, range to the receiver, wind speed, flue gas exit
velocity, ambient temperature and flue gas temperature. Once this
imission angle has been determined, it is then possible to
attribute the correct directivity corrections to the stack exit sound
power level to calculate the apparent sound power level as seen by
that receiver location.

Case study – gas turbine exhaust stack
resulting in high workplace noise levels
The environmental noise propagation and directivity effects
discussed in this article are usually only a major concern when
applied to the assessment of noise in the community, and usually
at locations several hundred metres or more from the source.
However, this case study relates to a rather unusual case where
these propagation effects contributed to very high noise levels in
the workplace. The site of concern was in the Sahara desert and
was thus subject to regular and stable wind patterns which varied
(in a predictable pattern) through the day. It was noted that very
high levels of noise were experienced downwind from a new gas
turbine generator building, meaning that personnel had to wear
hearing protection to walk through the plant. At certain times
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of the day, the high noise zone moved towards the main offices
resulting in façade noise levels of more than 90 dBA. Indeed, the
hearing protection zone moved around by 180º during the course
of the day.
Despite the site operator’s protestations that elevated exhausts
could not possibly cause noise at ground level, detailed measurements over a range of angles were undertaken in order to the
determine the stack’s sound power level. This was entered into a
noise propagation model for the site which used the ISO 9613
propagation methodology. The model was configured to calculate
sound pressure levels with a back-correction for stack directivity
and wind refraction according to the VDI and Concawe standards.
The resulting noise contour plot is shown in Figure 9 for a southwesterly and north-easterly wind of 5 ms-1. (Note the zone of >90
dBA outside the office entrance for the north-easterly wind.)
Sound pressure level measurements were taken across the
plant at different times of the day for comparison to the noise
model. These measurements confirmed a similar pattern in noise
levels across the site, with sound pressure levels close to the gas
turbine sets being fairly low and then increasing with distance,
peaking at around 100 m from the turbines and then falling off
again more slowly with distance. By comparing both figures, it is
clear that the extent of the hearing protection zone (85 dBA on
this site) covered different sides of the site depending on the wind
direction and, therefore, time of day.
Figure 10 shows a comparison between the predicted sound
pressure level downwind from the exhaust stacks and the
measured sound pressure level on site. It can be seen that the
measured data has a very similar spectrum shape and overall level
to the noise model outputs. The mismatch in noise levels at low
frequencies (31.5 Hz and 63 Hz octave bands) was due to extraneous noise from sources other than the gas turbine exhausts.
Additional measurements, inspection and investigations eventually determined that the manufacturer had not accounted for a
combination of directivity and wind refraction effects when specifying the exhaust silencers (i.e. they accounted for directivity but
did not correct this to account for refraction due to wind gradients).

Conclusions
It is important to correctly define and quantify the sound power
level of the exhaust stack exit both during design and when
measuring the source under operational conditions. Use of ISO
10494 can present some difficulties and errors, although it is
recognised that it at least provides a consistent and standardised
method for comparing the noise emitted by stacks. A revision to
the standard would be most welcomed, clarifying that the method
does not yield the “true” sound power level of the stack but rather
a pseudo sound power level which might not be suitable for use in
environmental noise propagation modelling. It is recommended
that the standard should also be revised to include a method for
determining the sound power level of a stack suitable for use in
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noise modelling, e.g. by measuring at a defined position and
correcting for directivity or by measuring at a position where there
is no need to make this correction.
Although the combined effects of stack directivity and sound
refraction are well understood, there is a lack of appreciation
amongst many manufacturers, designers and even acousticians
regarding just how significant the effect can be. Directivity is
often, and erroneously, assumed to result only in a reduction in
sound levels whereas, in the real world, the effect can lead to
“focusing” of sound under certain conditions. Many designers
ignore the effects of exhaust stack noise on the basis that it is an
elevated source and highly directional, incorrectly concluding that
it will not therefore be an issue. Even where stack noise is considered, it is often left to the manufacturer to specify adequate
silencers. However, manufacturers often do not do this or do not
have the appropriate in-house expertise on sound propagation
effects available. It is therefore hardly surprising that a significant
number of complaints due to noise from operational industrial
developments relate to noise from vents and exhaust stacks.
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Performance testing of doublewindscreen using empirical data
Report by Dermot Blunnie of Enfonic

Introduction
Since the working group for the Institute of Acoustics released the
consultation document A Good Practice Guidance to the
Application of ETSU-R-97 for Wind Turbine Noise Assessment,
those with specific interests have been discussing the proposals of
the new document and presenting feedback to the publishers.
ETSU-R-97 The Assessment and Rating of Noise from Wind
Farms [1996] is an important document used for the planning of
our and future generations’ energy needs. It is therefore important
that the review undertaken by the working group be as robust and
comprehensive as possible; indeed, it is the authors’ opinion that
this is the case. We find ourselves at a pivotal point in windturbine noise assessment so it is critical that the review of the
guidelines is treated with the upmost gravity.
One area in particular that has been the topic of much discussion with regard to ETSU-R-97 is the use of a secondary windscreen for noise monitoring. It is with regard to this that the
research described herein has been undertaken.

Background
ESTU-R-97 makes reference to the use of a secondary windscreen
for noise monitoring; it states that the use of a secondary windscreen should be considered to avoid contamination from wind
noise. They are also strongly recommended in the working group’s
document. However, ETSU-R-97 offers no detail on the design
specification or considers the implication that their use may have
on the measured results. Reference however is made to the ISVR
Consultancy Services, Noise measurements in windy conditions
ETSU W/13/00386/REP [1996]. This is an investigation into
improved design of windscreens to help reduce contamination
from wind noise. It identifies three types of secondary windscreen
configurations, as summarised below:
• A “hollow” single layer of open-cell foam mounted on a frame
surrounding the microphone;
• A two-layer design with a hollow foam layer as above
surrounding a conventional commercial windscreen; and,
• A solid open cell foam windscreen.
The investigation concludes that the preferred arrangement is a
two-layer design. However, and most importantly, there were no
attempts made to characterise the performance of this windscreen. Furthermore, evaluations on the performance were
based on test results using comparative LAeq measurements over
short periods of time, for example five seconds. While there is
evidence presented to show that a reduction in the level of windinduced noise can be achieved, the test methods and the analysis
do not match the assessment criteria set out in ESTU-R-97 of LAF90
(10 min).
The issue of the insertion loss is addressed within the ISVR
document and it states that the frequency response should be
measured and corrected for. However, it is thought unlikely that
any of the “home-made” windscreens have to date been subject to
the comprehensive test procedures necessary to determine
insertion loss and therefore it is unlikely that this has been taken
into account on previous ETSU-R-97 assessments.

Standards and guidance
There are no national or international standards that give specification on the design of, not only a secondary windscreens but any
microphone windscreen. It’s therefore difficult to quantify the
performance in relation to wind-induced noise levels and how
best these figures should be measured and presented. Many
people have quoted the ISVR document as a reason to use a
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secondary windscreen. The standard BS EN 61400-11:2003 [Wind
turbine generator systems Part 11: Acoustic noise measurement
techniques] does outline a possible design for a hemispherical
secondary windscreen and states that it “may be used where it is
necessary to obtain an adequate signal-to-noise ratio at low
frequencies in high winds”.
IEC 61672-1:2003 [Electroacoustics – Sound level meters – Part
1: Specifications] requires that manufacturers must specify the
effects of using their windscreens on their SLMs and to state these
effects in the instruction manual. However, these specifications
only pertain to frequency response and directivity; there is no
requirement to determine the wind induced noise levels.
ETSU-R-97 requires the use of a “Type 1” instrument for noise
monitoring. However, the following paragraph, taken from the
ISVR Document, seems to contradict this:
“It has been agreed with ETSU that the acoustic effect of a
windscreen can be ignored if the free-field insertion loss does not
exceed 1 dB over the frequency range covered by the 31.5 Hz to 8
kHz octave bands. However, since A-weighted levels of wind
turbine noise, or background noise in rural areas, are rarely influenced by the levels in the octave bands centred at 31.5 Hz and 8
kHz bands, it may be justifiable to relax the limit to 3 dB in
these bands.”
Bearing in mind the tolerance levels of Type 1 classification
(‘Class 1’ as of EN 61672−1:2003) it would suggest that there
are some practical difficulties in the application of a secondary
windscreen. Perhaps the price paid for lower levels of windinduced noise is measurement accuracy, but what, if any, are
the practical benefits of using a secondary windscreen for ETSUR-97 assessments?

Assessment
In the ISVR Document the section Proposal for further
Development suggests that comparative measurements be made
using a test windscreen. These tests should ideally use simultaneous two-channel recordings of noise from two systems, one
using standard windscreen and the other using an “improved”
windscreen design. By carrying out simple measurements of
average wind speed and noise this data could then be analysed to
determine whether the windscreen performance can be quantified in a useful way and to determine the performance gain over
the standard windscreen in a range of conditions. They go on to
say that this information would provide valuable feedback to
the authors.
With this guidance in mind, the design of a secondary windscreen was undertaken to test this hypothesis. This prototype was
a 400mm diameter steel cage with a cover made from “fur” as used
in the professional audio recording industry. The decision to use a
fur type material was made following discussions with suppliers
who advised that it would yield better results then open-cell foam
at higher wind-speeds.

Test methodology
In order to test the performance and effectiveness of the
secondary windscreen for an ETSU-R-97 assessment, the noise
and weather data used for the comparison were measured over a
10-minute period. The noise parameter used was LAF90, 10min, there is little point after all in comparing any other noise
parameter as this is of no use in such an assessment. This is a
fundamental departure from the ISVR assessment which was an
investigation into general windscreen performance.
Data was collected in real-world conditions over several weeks
using two B&K Type 2250 SLMs with identical UA1404 outdoor
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close by and set to log wind-speed, wind-direction and rainfall
over synchronous 10-minute periods. All equipment was positioned at ~1.5m in height in an open area over soft ground.
All equipment logged for a period of 2 weeks and once downloaded and correlated any rain-effect data was removed from the
analysis. The number of eligible datasets remaining was 1,910 or
roughly 13 days.

Distribution of wind speed data
Data sets were filtered based on the average 10-minute wind
speed and the difference in the measured data at the test and
control windscreens was derived.
The distribution of average wind-speed data is shown in figure
1. It can be seen that a good distribution was obtained up to
10 m/s.

Difference in the measured LAF90 at
various wind speeds

(Figure 1)

microphone protection kits. One UA1404 was supplemented
with the prototype secondary windscreen and the two placed in
close – but not too close as to cause mutual interference –
proximity. The internal clocks were synchronised and the instruments set to log broadband and 1/3 octave frequency analysis.
At the same time, a Davis Pro II weather station was situated

It was no surprise that the LAF90 measured with the outdoor microphone + secondary windscreen was lower then that measured
with just the outdoor microphone. The average difference in these
values for each of set of average wind speed data (0-13 m/s) is
presented in the figure 2.
It is evident from this data that the difference between the test
and control windscreens increases with an increase in the average
wind speed. This suggests that the secondary windscreen is
performing better in relation to wind-induced noise and P44

Penguin Recruitment is a specialist recruitment company offering services to the Environmental Industry
Technical Acoustic Sales Manager - West Yorkshire - KP951

£24,000+

An independent leader, specialising in acoustic product design and production is currently looking to
recruit a Technical Acoustic Sales Manager to their office in West Yorkshire. The role will involve
marketing and promoting a full range of acoustic products (doors, screens, enclosures, louvers, etc) to
the energy, gas and oil sectors. The ideal candidate will have 3+ years experience in acoustic sales,
and proven ability to endorse, and up-sell technical products. They will also have a BSc, a proven
knowledge of the acoustics industry, excellent communication skills (both written and spoken),
numerical and IT competence, and a full UK driving licence. Applicants with IoA membership would be
favourable, and both salary and benefits are negotiable depending on skills and experience.

Environmental Junior Acoustics Engineer - South East - AG11

£20,000+

A fantastic opportunity has arisen for a Junior Environmental Acoustics Engineer to work in
London for a large multidisciplinary consultancy specialising in environmental acoustics. You will
hold a degree in Acoustics or a relevant discipline; have a UK driving licence, and ideally, some
previous working experience in environmental acoustics sector. Duties of this role will be
undertaking noise surveys, acoustic modelling with software such as CadnaA, updating project
administration and supporting senior staff. A competitive salary is on offer with an excellent
benefits package.

Senior Noise Consultant - Manchester - KP 952

£25,000+

My client, a reputable, UK based, multidisciplinary consultancy, is urgently seeking a Senior Noise
Consultant to join their small and specialist acoustics team in Manchester. The role is offering a
competitive starting salary, benefits, in house training, and a supportive working environment. Key
skills include: Familiarity with legislation (PPG24, BS4142, etc), experience with CadnaA and CATT
Acoustics, a proven ability to promote and develop business, and impeccable report writing skills.

Interested in this or other roles in Acoustics? Please do not hesitate to
contact Jon Davies on jon.davies@penguinrecruitment.co.uk,
or Kimberley Powell on Kimberley.powell@penguinrecruitment.co.uk
or alternatively call 01792 365100.

Junior Acoustics and Noise Consultant - Midlands - AG12

£19,000

My client is a specialist noise and vibration consultancy looking for a Junior Acoustics Consultant
to work from their office in the East Midlands. Specialising in Industrial and Building acoustics you
will be part of a team responsible for providing noise monitoring services to a wide range of
industries. Duties will include: noise modelling using specialist software, writing technical reports
and carrying out planning assessments. Applicants will have a minimum BSc in Acoustics or
Noise and Vibration control.

Principal Environmental Acoustic Consultant - Bristol - KP 953

£30,000+

A leading multidisciplinary engineering consultancy, with world wide recognition is currently
looking for a Principal Acoustic Consultant to join their specialist team in Bristol. The successful
individual will have 4+ year's private consultancy experience (with an environmental acoustics
bias), a relevant BSc/MSc, full IoA membership, and a full driving licence. Candidates must have
experience with project and people management, client relationship development and modelling
experience with CadnaA. My client is offering a highly competitive starting salary, and a flexible
and comprehensive benefits package.

Graduate Noise and Vibration Consultant - Warwickshire - AG13

£17,000+

An Assistant Acoustics Consultant is needed to work for a specialist noise and vibration
consultancy in Warwickshire. My client specialises in building and architectural acoustics,
and provides a complete service from project conception through to completion. Applicants must
hold a degree in acoustics and working knowledge of guidelines such as BS4142 and PPG24.
The successful individual will be assisting with acoustics measurements and assessments,
sound insulation testing, pre-completion testing, and planning applications, for a variety of
prestigious projects.

We have many more vacancies available on our website.
Please refer to www.penguinrecruitment.co.uk.
Penguin Recruitment Ltd operate as both an Employment Agency
and an Employment Business
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Contributions
ments of 40-second duration were taken using a B&K 4189
Microphone and Type 2250 SLM. The microphone was positioned
on a tripod at a height of 20cm above the tripod foot and measurements at various source and receiver positions around the
room were taken with and without the secondary windscreen in
place over the microphone. The average difference between two
datasets was obtained for each position and subtracted; the
insertion loss across the frequency spectrum was estimated.
From these simple tests it was determined that average
reduction in terms of LAF90 (the insertion loss) was 0.7dB. The
effect of the insertion loss within the individual octave bands was
within the limits suggested by the ISVR document that have been
agreed with ETSU.

Data analysis for ETSU-R-97

Insertion loss tests were carried out in a test room; the room was
diffuse in nature. White noise was generated through a dodecahedron loudspeaker, driven by an amplifier. A number of measure-

As an additional stage to our analysis, AWN Consulting conducted
a noise measurement on a site proposed for wind farm development as part of an actual ETSU-R-97 assessment. Baseline LAF90(10
minute) measurements were conducted with monitors side-by-side
using the same previously discussed single and double windscreen arrangements.
Wind monitoring was conducted at the location of the
proposed turbine and referenced to 10 metre height as per
best practice.
Regression Analysis was used to establish background LAF90
noise curves for the site for both systems and the relevant impact
of the two systems assessed. For the purposes of this assessment
the most stringent ETSU daytime and night-time criteria was used
i.e. fixed lower limit 35dB(A) daytime and 43dB(A) night-time or a
maximum increase of 5dB(A) above pre-existing background.
The resultant noise criteria were derived as Figures 3-6.
The differences between derived daytime and night-time

Daytime Criteria Curves - Single Windscreen (Figure 3)

Night-time Criteria Curves - Single Windscreen (Figure 5)

Daytime Criteria Curves - Double Windscreen (Figure 4)

Night-time Criteria Curves - Double Windscreen (Figure 6)

(Figure 2)
P43 provides an improved performance. However, the difference
is relatively small with an average of less than 2 dB at the higher
wind speeds. It is important to note that the differences presented
in Figure 2 include no correction for the insertion loss. We can
therefore assume that some degree of these stated differences will
be due to frequency attenuation from the larger windscreen.

Insertion loss
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Ref.

ETSU Daytime Noise Criteria at Wind Speed m/s

1

2

3

4

5

6

7

8

9

10

11

12

Single

35.0 35.0 35.0 35.8 36.7 37.9 39.4 41.2 43.1 45.1 46.9 48.4

Difference

0.0

0.0

0.0

0.8

0.7

0.6

0.7

0.9

1.2

1.5

1.7

1.5

1

2

3

4

5

6

7

8

9

10

11

12

Double
Ref.

35.0 35.0 35.0 35.0 36.0 37.3 38.7 40.3 41.9 43.6 45.3 46.8
ETSU Night-time Noise Criteria at Wind Speed m/s

Single

43.0 43.0 43.0 43.0 43.0 43.0 43.0 43.2 47.2 51.7 56.8 62.4

Difference

0.0

Double

43.0 43.0 43.0 43.0 43.0 43.0 43.0 43.0 46.1 50.5 55.4 60.8
0.0

0.0

0.0

0.0

0.0

0.0

0.2

1.1

1.2

1.4

Tabulated differences in ETSU criteria curves between tested single
and double windscreens (Table 1)

1.6

criteria curves with single and double windscreens for this
particular site are tabulated in Table 1.
The differences in the final ETSU-R-97 noise criteria curves for
the specific site are 0 to -1.7dB LAF90, depending on wind speed. It
is important to note that for this site study the measured insertion
loss (discussed above) of the secondary wind screen was not
subtracted from the measured values using the secondary windscreen, so the differences may be considered slightly less than
quoted in the table above. Furthermore, the results are site
specific and may vary between sites, however results are considered to give a good estimation as to the range of differences
between the two systems tested in site conditions.

Conclusion
The improved performance of the rather larger prototype
secondary windscreen used in these tests are probably a surprise

Contributions

to most. We suspect that this is because the performance figures
from the ISVR study are largely believed to translate for all types
of noise assessments. However, because ETSU-R-97 assessment
specifically uses LAF90 parameter, it can be concluded that
this parameter alone reduces the wind-induced noise levels
because these levels are varying over time due to the turbulent
nature of wind.
Various “home-made” secondary windscreens have been used
on several, but not all, ETSU-R-97 assessments. However, without
detailed specification on design of secondary windscreens it has
left open the possibility that each individual secondary windscreen arrangement could be contributing its own unique
coloration on the data collected.
In the future it may be that individual windscreens could be
subject to independent verification. However, without a standard
test methodology or performance criteria, there seems little point.
Manufacturers have been slow to enter this market and so lead
the way in secondary windscreen design. It would be of great
benefit to see detailed data on wind-induced noise levels on those
that claim to reduce contamination from wind noise and how they
compare with standard types of windscreens.
Any such performance figures will invariably be in terms of an
energy parameter, such as Leq, but consideration for A-weighting
and the effects of using the LAF90 parameter as discussed above
should be borne in mind. In other words, the performance of such
secondary windscreens may have less consequence for an ETSUR-97. It could be argued that it would be better not to use a
secondary windscreen at all unless the insertion loss is known. If
manufacturers were to publish details of wind-induced noise
levels and insertion loss, at least the measured data could be
adjusted if necessary and so prove more reliable.
A final point to consider is that although secondary
windscreen from some manufactures claim to be “Type approved”,
wind induced noise levels do not fall under the scope of
Type Approval.

Tyre Cavity Microphone TCM®
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Passing of ‘audio giant’ Neville Thiele
Obituary

T

he audio industry is mourning the
death of Neville Thiele, one of its
leading pioneers, who has died in his
native Australia aged 91.
Neville is best known as the inventor of
the Thiele-Small parameters. These were
originally published in 1961 and, after republication by the Audio Engineering Society in
1971 and subsequent extension of the work
by Richard Small in his influential papers in
1972, are now universally accepted as the
standard means of characterising loudspeaker components.
This work has had a direct and lasting
effect on the loudspeaker industry in many
ways: it provided a means by which loudspeaker component manufacturers could
measure and provide specifications for their

products, which in turn allowed loudspeaker
designers to make accurate predictions of the
response of those components.
Neville wrote many papers on electroacoustics, network theory, testing methods
and sound and vision broadcasting, as well as
many contributions to conventions. Some of
his publications, most notably on loudspeaker parameters, television testing and
coaxial cable equalisation, have become
accepted internationally as reference works
In addition he was a member of a number
of influential standards committees and
working parties involved in many aspects of
electro-acoustics and the broadcast of audio
and vision, including advising the Australian
Broadcasting Control Board, the
International Radio Consultation Committee,

the International Electrotechnical
Commission and Audio Engineering Society.
His achievements resulted in him
receiving many awards, including the IOA’s
Peter Barnett Memorial Award in 2009, which
was presented to him by then President John
Hinton at Reproduced Sound, Brighton.
In paying tribute, Frank Hinton,
President of the Australian Commercial
Entertainment Technology Association, said:
“Neville was a hero to some and an inspiration to many. He spent his life in research and
development, and very few could match his
accomplishments in creating and improving
audio/visual entertainment and industrial
technologies.”

Neville Thiele (left) receives the Peter Barnett Memorial
Award from IOA President John Hinton in 2009

Ian Harley
joins
Cundall’s
London
office

I
Caroline Sudworth
takes up new role at
Engineering Council

D

r Caroline Sudworth has taken up the
newly created role of Education and
Skills Senior Executive at the
Engineering Council.
She will be working closely with professional engineering institutions and other
relevant stakeholders, focussing on understanding and developing the number of
pathways and flexible learning packages
leading to professional registration as
Engineering Technician (EngTech),

46

an Harley, former SRL Executive Acoustic
Consultant, has joined Cundall as an
Associate in its London office.
He has extensive experience in managing
multiple projects of various sizes and
complexity and across all sectors, from high
profile Government and justice buildings,
through prestigious residential developments
to leisure facilities.
In taking a holistic approach to the design
process, he says he recognises “the importance of co-ordinating with other disciplines
to achieve a cost-effective and successful
outcome”.

Incorporated Engineer (IEng) and Chartered
Engineer (CEng).
Caroline has joined the Engineering
Council from Cogent Sector Skills Council
where she was Higher Education Manager,
responsible for a range of programmes
primarily related to employer engagement in
STEM education.
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Measure everything.
Whatever the weather.

The new CK:680 Outdoor Measurement Kit with 3G/GPS
The new CK:680 Outdoor Kit gives you an effective way to add remote data download over 3G and GPS
location data to the optimus green sound level meters.
•
•
•
•
•
•
•

Fully weather protected noise measurements
Remote data download over 3G with GPS data and mapping
Updated NoiseTools software with Optimus Cloud support, lifetime updates and licence free installation
Acoustic Fingerprint™ triggering with SMS, Email, Twitter and High Resolution Audio Recording
Periodic noise calculation and measurement comparison in the NoiseTools software
Tonal noise detection to ISO 1996-2:2007*1
15 year warranty

To find out more call us now on

BSIF Product
Innovation Award

0845 230 2434
or visit www.cirrus-optimus.com/outdoor
*1 features subject to instrument specifications.
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Castle launches online
equipment hire service
astleRent, part of the Castle Group,
has launched a new online equipment
hire service.
Dedicated to test and measurement
instrumentation, it offers a wide range of
products from numerous manufacturers,
covering subjects from airflow to weighing
scales, and from anemometers to
vibration meters.
Simon Bull, Castle Group Managing
Director, said: “Rental is more and more a

C

Hepworth
Acoustics to
produce
world’s
largest
noise map
epworth Acoustics has been appointed
by Defra to produce the world’s largest
noise map.
The map will cover urban areas, major
roads and major railways across the whole
of England.
Hepworth Acoustics will collaborate on the
project with long time partners
Acustica,DARH2 and Stapelfeldt.
The project requires the calculation of
noise levels for 24,000 km of major roads,
5,000 km of major railways and 65
urban areas.
Using input data provided by Extrium, the
calculated levels will be used to fulfil England’s
requirements for strategic noise mapping of
roads and railways under the second round of
the EU’s Environmental Noise Directive.
Extrium’s role will include the design and
production of all input data required for the
noise calculations. Managing up to 4 terabytes
of data, it will issue 7,000 map data files
to Hepworth.
Peter Hepworth, Hepworth Acoustics
Managing Director, said: “This is an exciting
project because the results will be used not
only to provide all of the road and railway
noise data for the second stage of the EU
Environmental Noise Directive for England
but also to enable the social and health
costs of road and rail traffic noise to
be determined.
“We have calculated that there are about
950 million assessment locations to be
processed, with up to seven noise indices to
be calculated for each location.”
For more information, ring Peter Hepworth
at 0161 242 7900 / 07779 336445 or email
peter.hepworth@hepworth-acoustics.co.uk

H
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desired option these days with capital
budgets being squeezed from all
directions in the face of work
that still needs to be done.”
CastleRent also offers a “try
before you buy” option which
allows customers to get their
rental back if they go on to buy the
equipment afterwards.
For more information, ring 01723 584250
or go to www.castlerent.com

One of the meters available from CastleRent

Black Cat drums up
‘purrfect’ noise solution
lack Cat Music has installed a
dedicated percussion practice room at
Trent College, Nottinghamshire, for use
by music school students.
The 6m x 4.8m facility allows the percussion teacher to hold lessons without
disturbing other music lessons taking place
in the rest of the music building.
Martin Loft, Black Cat Technical Executive,
said: “The college was very keen to have
natural light in the room from the host room
windows, along with a window tying in with

B

Trent College’s new percussion room
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an existing window from the head of music’s
office so that he could see into the percussion
area.
“With these criteria in mind, we specified
double pane 41dB rated acoustic windows
and a floating floor to isolate the physical
transference of sound associated with percussive instruments into the surrounding floor
and wall structures.”
For more details, ring 01732 371555 or go
to www.blackcatmusic.com or
www.musicpracticerooms.com

Industry

Update

AMEC helps deliver second round noise
maps for Northern Ireland
MEC has helped Northern Ireland
become the first UK devolved administration, and one of the first administrations in Europe, to deliver second round
strategic noise maps to the European
Commission under the requirements of the
Environmental Noise Directive (END).
The contract to prepare the maps was
awarded by the Department of the
Environment Northern Ireland. The project
covered:

A

• all major roads with more than three
million vehicle passengers a year
• major railways with more than 30,000
passengers a year
• Belfast City and Belfast International
Airports
• all agglomerations with more than 100,000
inhabitants, requiring the mapping of all
road, rail, industry and airport noise
sources affecting the agglomerations.

The noise map of Belfast

The approach adopted was to identify and
track changes between round one and round
two in terms of extents, data quality and
assumptions. At an early stage, the project
team undertook a review of data, models and
approaches adopted during round one
against a round two data specification to help
recap and induct stakeholders into the
project. This approach identified where data
would need to be captured, recaptured,
potentially improved or reused.
The project required a close working relationship between AMEC and key stakeholders, notably the competent authorities:
NI Roads Service, Belfast City Airport, Belfast
International Airport, Translink and Northern
Ireland Environment Agency, and DoE
Northern Ireland.
The review and capture exercises highlighted the change in extents between round
one and round two as a result of decreased
mapping thresholds which resulted in the
total noise modelling extents increasing from
2,728 to more than 5,000 sq km with more
than 2,300 km of road network and 450 km of
railway network to consider.
Several improvements were made upon
the data and approaches used during round
one. These included the use of more
permanent and temporary traffic counters,
decreasing reliance on assumptions where
possible and further refinements with the 3D
modelling environment, including marked
improvements in the consideration of ground
cover.
The mapping results are available at
www.noiseni.co.uk

Silence is golden for Mencap
complex acoustic issue at a charity’s
sports hall has been resolved by Total
Vibration Solutions.
When Mencap, the charity for those with
learning disabilities, raised enough money to
refurbish its hall in Sheffield built 38 years
ago, the future for the facility looked bright.
But the combination of high ceilings,
composite steel roof panels, hard brick walls
and wooden floors, meant the noise from
every footstep and bouncing ball was still
amplified to an uncomfortable level inside
the renovated building.
To solve the reverberation problem, TVS
supplied a series of TVS ABSorb panels, cut to
size and fitted to the walls with Velcro fastenings. The panels, which are impact resistant
(tested to DIN 18032-3: 1997), offer Class A
performance and have been specially
developed for use within sports halls, indoor
five-a-side pitches, gyms and event centres.
In addition, a number of matching made-toorder TVS ABSorb cubes were strategically
suspended from the roof purlins. The cubes

A

provide a unique and attractive way to reduce
reverberation levels within a large open space.
Both panels and cubes have an absorber
core with a textile covering that can be
finished in a variety of colours making them

ideal for use within Mencap's facility. Their
lightweight construction allows for easy
installation and removal when cleaning is
required. For more information email
sales@totalvibrationsolutions.com

Mencap’s new-look sports hall
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Arup ‘on song’ at new
concert hall
rup has completed a new £8.2million
music facility for the University of Kent,
in collaboration with Tim Ronalds
Architects.
The Colyer-Fergusson Music Building is
located on the Canterbury Campus and will
provide first class music provision to
students, staff and the local community, as
well as musicians and arts organisations
beyond Kent.
The concert hall is designed to be a
flexible space, incorporating retractable
seating at both ends, so that it can accommodate any production, from a flat floor exhibi-

A

tion to a performance by an 80-piece
orchestra and 200-strong choir. The building
also contains two large and two small
practice rooms, and an amplified band room,
all of which are floating “box-in-box” spaces
to provide significant sound insulation.
Ned Crowe, Senior Consultant and Lead
Acoustic Designer at Arup, said: “Over the
last three years we’ve worked closely with
Tim Ronalds Architects to ensure that all
aspects of the design were informed by
acoustics, to achieve optimal sound quality in
the finished spaces.”

Chips are down as RBA
Acoustics celebrates its
10th anniversary
BA Acoustics has celebrated its 10th
anniversary by welcoming guests onboard HMS President, London, for an
evening of drinks, canapés and gambling.
The event was attended by many clients
and gave them the opportunity to meet all
staff and network with fellow industry
members.
RBA was formed after founding directors
Russell Richardson, Charles Bladon and
Torben Andersen met while working for
another acoustic consultancy 17 years ago
and decided to launch their own business.
Since then it has grown to become one of
the biggest independent acoustic consultancies in the UK. Its work has ranged from
large residential developments such as St
Andrews and Battersea Reach, London, to

R

assisting with planning and everyday trouble
shooting for the Howard de Walden Estate
and supporting licensing applications for
hundreds of restaurants and bars.
Hilton Cape Sierra Hotel in Sierra Leone
was its first international project and it now
works throughout Africa, Europe and the
Middle East.
Russell Richardson, in thanking clients for
their support, said: “We have clients here who
have been with us from the very beginning
and those with whom we have only been
working for a short time. In both cases we’ve
tried to build RBA and its professional relationships on the simple idea of doing a good
job, on time and on budget.”
For more details, go to www.rbaacoustics.co.uk

Good bet: guests try to
get “on the money”
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The new concert hall

Troldekt
tiles used at
‘school of
the future’
roldtekt acoustic ceiling tiles have been
specified by Architype architects for the
classrooms and sports hall at
Oakmeadow School, Wolverhampton, one of
the UK’s first Passivhaus primary schools.
Architype director Jonathan Hines said:
“Oakmeadow is one of two schools we have
designed using Passivhaus principles to offer
radically low energy consumption together
with optimised comfort for children and staff.
Troldtekt acoustic ceilings are one of the
solutions which have helped to meet our
design and performance objectives – in this
case optimising the acoustic environment
using a natural and beautiful product.”
Danish-manufactured Troldtekt tiles are
made from 100% natural wood fibres mixed
with cement. Available in various sizes and
three grades from ultrafine to coarse, they
can be left unpainted or painted in virtually
any RAL colour.
For more information ring 0844 8114877
or visit www.troldtekt.co.uk

T

The sports hall at Oakmeadow School.
Photo: Architype Ltd/Leigh Simpson

Book

Review

Acoustics: Sound Fields
and Transducers
By Leo L Beranek and Tim J Mellow
Review by Bob Walker
tudents of acoustics, especially of rooms,
propagation, transducers and
noise/vibration, will undoubtedly have been
familiar with Leo Beranek's seminal work, named
simply Acoustics, first published in 1954. For many
people, myself included, it formed a constant
and well-thumbed reference. It was by no means
the earliest, nor the most academic textbook,
but those were its great strengths. For many
ordinary working acousticians, it provided an
accessible and easily-understood reference for
those irritating questions “what was the formula
for…”.
To students beginning their studies, it
provided a progressive introduction to the science
and theory of acoustics, beginning with Section
1.1 “A little history” and proceeding to Section 1.2
“What is sound?” and then to Section 1.3
“Propagation of sound through gas”. That
admirable order of presentation continued
through “The Wave Equation”, “Radiation of
Sound” to end with “Acoustic Measurements” and
finally “Hearing, Intelligibility and
Psychoacoustics”. Chapter 3 “Electro-mechanical
equivalent circuits” was especially relevant to the
art of relating mechanical properties of physical
objects to their acoustic behaviour (and loudspeaker design).
This new revision is a very substantial reworking of the original textbook. With the help of
his co-author, Tim Mellow, Leo Beranek presents
an up-to-date version of the original. However,
since those relatively simple times, the field of
acoustics has expanded to now cover a very wide
range of specialities. Accordingly, the original title
has had a subtitle appended to make it clear that
the range of topics is not intended to be as
universal as the original might have suggested. In
some ways, the range is indeed substantially more
than the original version, but the modern fashion
for misrepresentation actions and other litigious
activities probably made the change advisable.
The first five chapters closely follow the
original in content and scope, though with some
re-allocation of sub-topics. Chapter 6,
“Electrodynamic loudspeakers” covers what used
to be “Direct Radiator loudspeakers”, with two
additional sub-sections to cover Thiele-Small
parameters. Chapter 7, “Loudspeaker systems”,
covers much the same area as “Loudspeaker
Enclosures” in the original, but extensively
updated in terminology. The many plots of
different responses for bass-reflex enclosures
have been re-written in the simpler, modern
terms of filter responses, ‘alignments’ and Thiele-

S

Small parameters.
Chapter 8, “Cellphone acoustics”, introduces
an entirely new topic. This short section (16
pages) is specific to the particular design principles of miniature loudspeakers, microphones and
enclosures. One cannot help feeling that if this
edition lasts as long as the original, it may end up
looking somewhat dated. One can only suppose
that the future will continue to involve micro
transducers of some sort.
Chapter 9, “Horn loudspeakers”, returns to the
mainstream, though with a substantially more
extensive treatment of different horn flares than
the original edition.
The second part of the book, beginning at
Chapter 10, “Sound in Enclosures”, just like the
original, deals with the propagation of sound in
both small and large enclosed volumes. It covers
room modes, absorption and reverberation.
Transient behaviour is treated much more thoroughly than it was, based on the equivalent
circuits for room modes.
Chapter 11, “Room design for loudspeaker
listening”, is something of an oddity here. It is
four-and-half pages of general (and fairly nonspecific) guidance on home listening rooms. As
many drafters of listening room standards have
discovered, rooms differ so much that very little
concrete guidance can be given.
Chapter 12 marks the beginning of a complete
departure from the original edition. Gone are the
sections on noise control, acoustic measurements
and intelligibility. As the authors inform us in
their preface, these are now thoroughly covered in
other publications. Three chapters on modern
numerical analysis have been included in their
stead. In Chapter 12, “Radiation and scattering of
sound by the boundary value method”, analytical
solutions to the wave equation are derived for a
number of different acoustic situations. The
intention is to provide a framework for the readers
to formulate their own numerical simulations.
Chapter 13, “Radiation and scattering of sound by
the boundary integral method” similarly provides
solutions for sound sources as arrays of point
sources. These two sections, of about 150 pages,
form a collection of analytic solutions to an
extensive range of acoustical problems.
Chapter 14 completes the main body of the
book with an analytical approach to solving for
the responses of electrical networks. This has
relevance to acoustical equivalent circuits and
uses as a worked example the solution of a loudspeaker in an enclosure with a bass-reflex port.
It continues on to discuss much more compli-

Acoustics: Sound Fields and Transducers by Leo L.
Beranek and Tim J. Mellow is published by Academic
Press (ISBN 978-0-12-391421-7). Price £72.99.

cated examples!
Finally, the book concludes with three useful
appendices on “Frequency response shapes for
loudspeakers”, “Mathematical formulas” and an
extensive table of “Conversion Factors”.
All sections include much new material, and
are of course essentially up-to-date. A particularly
notable update is the shift to exclusively SI units.
This is appropriate for a modern work. One of the
difficulties of the original for most people today
was the extensive use of ‘imperial’ units, though
there was much duplication with mks units
throughout.
The overall presentation is a model of clarity,
with new, modernised drawings, clear fonts and
plenty of white space. This makes it the sort of
book that can be read reasonably comfortably
rather than simply picked up to refer to specific
facts or equations. On the down side, the larger
page size and predominantly single-column
layout has allowed somewhat longer than usual
lines that are not compensated for by increased
line spacing. However, as the book has a great
number of figures, equations, photographs and
plots to break up most of the body text, that is
only an issue in some places.
Even to those that already own a copy of the
1954 edition, I would recommend acquiring a
copy of the revision. It has sufficient new material
and is a pleasure to read to justify that cost. To
those starting out in the fields of room acoustics
or electro-acoustics or those wishing to extend
their existing knowledge, it would be invaluable.
Its 704 pages are very well worth the current list
price. Personally, I feel that £73 (RRP) could hardly
be better spent.
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Product

News

New scanning vibrometer
from Polytec

P

olytec has launched a new scanning
vibrometer tailored to the four main
application fields of more than 1,000
users: acoustics, structural dynamics, experimental modal analysis and ultrasonics.
It is the result of a four-year development
project to improve measurement data
precision as well as the speed and convenience
of operation, while at the same time retaining
operational familiarity for long-term users.
The most important development has
been the introduction of VibroLink, with fully
digitized processing of measurement data.
Data from the vibrometer and up to eight
data acquisition reference channels, for
driving point and excitation force for
example, are commonly transferred via

Ethernet to the processing unit, avoiding any
unnecessary sources of noise.
At the heart of each laser vibrometer is a high
precision optical interferometer. The size of this
component was reduced by 80 %, which helps to
reduce the overall size of the scanning head.
Secondly, improvements to the mechanics and a
lower thermal sensitivity resulted in an
increased overall stability of the system.
Among other improvements are new lownoise scanners have extended the scan field
by 25 %. A larger area of the test object’s
surface can now be scanned with this new
WideScan technology.
After the data has been captured this
needs to be presented to the customer in an
impressive manner. With a new HD camera,

Polytec’s new scanning
vibrometer

not only does this provide pin-sharp images
of the object under test, but it also creates
improved lifelike animations of the results.
For more information, go to
http://www.polytec-ltd.co.uk/uk/products/
vibration-sensors/scanning-vibrometers/

Version number nine for
noise predictor
rüel & Kjær’s Predictor-LimA Type 7810
has added more applications with the
release of the ninth version.
Predictor-LimA maps environmental noise
using coloured contours that can be overlaid
on 3D models, photographic images, or
online maps, making it easy for non-experts
to understand.
The new software has improved functionality and workflow support to make environmental noise mapping much simpler. It is
suitable for modelling shooting ranges due to
3D source directivity, which is necessary for

B

modelling supersonic sources.
A “hanging barriers” feature simplifies
modelling of noise-reducing curtains something that is more difficult with traditional modelling techniques.
The new function also makes it suitable
for modelling bridge construction, where
screens are placed on scaffolding beside the
raised road surface and has improved wind
turbine assessment, supporting input of
sound power levels measured in accordance
with IEC 61400-11. For more information, go
to bksv.com/Predictor

Acoustics assessments
programme has grand Designs
ound Design is a new programme from
Acoustics Central intended to handle all
general acoustics assessments carried
out by acoustics consultants.
It has three primary remits: to increase
productivity, increase company-wide consistency, and increase quality assurance. For
example, Sound Design allows users to:
• store all data (e.g. noise levels, SRIs,
absorption coefficients, lookup tables, etc.)
in one file to be instantly available when
creating new assessments
• carry out all of assessments within one file
and assessment environment (e.g. room
acoustics, noise transfer, noise breakin/out) to save on entering the same data
in multiple locations
• produce all schedules of data and calculation sheets with a couple of mouse clicks
• have standard corrections available and

S
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instantly usable at all times, along with the
ability to create and save any corrections
• keep track of assumptions made during the
assessment, and keep all previous versions
of users’ assessments and data objects.
In addition, as acoustics assessments tend
to form chains of noise sources to receivers,
Sound Design allows users to draw
their assessments on a canvas in two
dimensions, with each part of the
assessment being a link in the chain.
A huge amount of interoperability with spreadsheet
programmes is provided, with the
facility to export and import data
between Sound Design and
spreadsheet programmes. The
programme is equally suitable for
very small or very large projects.
Derek Nash, Acoustics Central
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Managing Director, said: “At its heart, it’s a
programme written by acoustics consultants
for acoustics consultants. It’s the first of its
type as far as we are aware, and we are very
excited about it. We have big plans for this
programme, intend to continually improve
and add new features, and we welcome any
feedback from the acoustics community.”
For more details go to www.acousticscentral.com/software/sounddesign Sound
Design can be installed from the website and
used for 30 days with full functionality, with
the exception of saving database files.

Product

A Brüel & Kjær analyser

Software update for Brüel
& Kjær hand-held analysers

B

rüel & Kjær has launched a software
update for its hand-held analyzers version 4.1.
Designed for the company’s 2250, 2270
and 2250 Light hand-held analyzers – and its
PC software Measurement Partner Suite – the
new version 4.1 is the first feature update of
Brüel & Kjær’s fourth generation (G4)
hardware and software, which was launched
in April 2012.
The updated software boasts useful
features and functionality: for remote instrument use, improved notifications send daily
SMS or emails relaying the instrument’s
status and potential problems, such as
tampering or damage. A noise threshold

exceedence notification alerts users when
pre-set noise limits are exceeded.
24-bit signal recording is now available,
which allows users to easily record complete
data without the risk of overloads, and subsequently perform post-processing on WAV
files. 16-bit resolution is also still available.
The software provides a moving (or
sliding) average of the latest T minutes (1 to
60 minutes) that updates every second,
making it ideal for monitoring sound
exposure at outdoor events like concerts
and festivals.
New features in Measurement Partner Suite
include background noise correction according
to commonly used standards, playback of 16-

News

and 24-bit recordings, and display of noise
rating curves (NR, NC, and RC).
For more details, go to www.bksv.com

CadnaR makes debut at
Campbell Associates

C

ampbell Associates have announced
the release of CadnaR, new software
from Datakustik for the calculation
and assessment of interior noise.
CadnaR use complex modelling methods
such as diffuse field, mirror image method,

particle model and VDI 3760. CadnaR users
will be able to make a seamless transition to
CadnaR as the result of identical user faces.
For more details, phone 01371 871030 go
to www.campbell.associates.co.uk or email
info@campbell-associates.co.uk

CadnaR assesses interior noise

Non Contact Vibration Measurement
Making vibrations visible
Why measure with a laser?
¾

Fast
Fix your sample points by mouse
or geometry import, not by
sticking on and hooking up

¾

For over 40 years Polytec has provided high technology, laser-based
measurement solutions to researchers and engineers.

Track even picometer vibrations
on micrometer-scale structures
¾

¾

Call 01582 711670 or email info@polytec-ltd.co.uk

Weightless
Get true values with no influence
of the sensor mass

¾

Discover more from Polytec by visiting www.polytec-ltd.co.uk.

Flexible
You’re not limited by the
availability of sensors or data
acquisition channels

Polytec offers you a way to improve vibration measurements, correlate
FEA models and reduce development time.
See results as intuitive 3D colour maps from − small, fragile, hot,
rotating and large surface area parts.

Precise

Universal
Measure vibrations up to 24 MHz,
on virtually any surface at any
temperature

to arrange a demonstration.
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NPL (National Physical Laboratory)
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Ams Acoustics
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Pulsar Instruments Plc
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Rockfon
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Mason UK Limited

Committee meetings 2013
DAY

DATE

TIME

MEETING

Thursday

24 January

10.30

Membership

Thursday

7 February

11.00

Publications

Thursday

14 February

11.00

Medals & Awards

Thursday

14 February

1.30

Executive

Institute Council
Honorary Officers

Ordinary Members

President

L D Beamish MIOA
WSP Group

Prof B M Shield HonFIOA
London South Bank University

Thursday

28 February

10.30

Engineering Division

President Elect

Tuesday

5 March

10.30

Diploma Examiners

W Egan MIOA
Brüel & Kjær

Thursday

7 March

11.00

Council

Monday

8 April

11.00

Research Co-ordination

Tuesday

9 April

10.30

CCWPNA Examiners

Tuesday

9 April

1.30

CCWPNA Committee

Thursday

18 April

11.30

Meetings

Thursday

2 May

10.30

Membership

Thursday

A L Budd MIOA
New Acoustics
K Dibble FIOA
Ken Dibble Acoustics

Immediate Past President

Dr E E Greenland MIOA
WSP Acoustics

Prof T J Cox MIOA
University of Salford

Dr P A Lepper MIOA
Loughborough University

Hon Secretary

R Mackenzie FIOA
RMP Acoustic Consultants

16 May

11.00

Publications

Wednesday 22 May

10.30

CMOHAV Examiners

Dr N D Cogger FIOA
The English Cogger LLP

Wednesday 22 May

1.30

CMOHAV Committee

Hon Treasurer

Thursday

23 May

11.00

Executive

Tuesday

28 May

10.30

ASBA Examiners

Tuesday

28 May

1.30

ASBA Committee

Thursday

30 May

10.30

Engineering Division

Thursday

13 June

11.00

Council

Wednesday 19 June

10.30

CCENM Examiners

Wednesday 19 June

1.30

CCENM Committee

Thursday

20 June

10.30

Distance Learning Tutors WG

Thursday

20 June

1.30

Education

Dr M R Lester FIOA
Lester Acoustics LLP

G A Parry MIOA
Accon UK
A W M Somerville MIOA
City of Edinburgh Council
D L Watts FIOA
AIRO

Vice Presidents
Dr W J Davies MIOA
University of Salford
R A Perkins MIOA
Parsons Brinckerhoff

Chief Executive
Allan Chesney

G Kerry HonFIOA
University of Salford

Refreshments will be served after or before all meetings. In order to facilitate
the catering arrangements it would be appreciated if those members unable
to attend meetings would send apologies at least 24 hours before the meeting.
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Gracey & Associates
Sound and Vibration Instrument Hire
We are an independent company specialising in the hire of sound and vibration meters since 1972, with
over 100 instruments and an extensive range of accessories available for hire now.
We have the most comprehensive range of equipment in the UK, covering all applications.
Being independent we are able to supply the best equipment from leading manufacturers.
Our ISO 9001 compliant laboratory is audited by BSI so our meters, microphones, accelerometers, etc.,
are delivered with current calibration certificates, traceable to UKAS.

We offer an accredited Calibration Service traceable to UKAS reference sources.
For more details and 500+ pages of information visit our web site,

www.gracey.com
C

Campbell Associates
NEW

Sonitus House
5b Chelmsford Road
Industrial Estate
Great Dunmow
Essex CM6 1HD

Calculation and
assessment of
interior noise
We are pleased to announce the
release of the fantastic new software
from Datakustik to enable you to model
internal noise.
It has advanced calculation protocols
which enable you to model to various
standards with the same user friendly
interface of CadnaA.

Key features

• Easy user friendly interface
• Quick and easy 3D presentation included to give you a better
•
•
•

t 01371 871030
f 01371 879106
e info@campbell-associates.co.uk
w www.acoustic-hire.com
w www.campbell-associates.co.uk

overview of the project and to give you advanced
presentation options
Advanced directivity of sources such as loudspeakers
can be modeled
Large database of absorbing materials included
Model and display the differences between different scenarios

Prediction of sound
level and room
acoustics for:
• Factories
• Open plan
offices
• Classsrooms
• Plant rooms

Plantroom

Factory

Theatre

The UK Distributor of

M

E A S U R E M E N T

S

sales - hire - calibration

Y S T E M S

Long-Term Monitors

Reliable - Site Proven - Quick & Easy To Use - Realistically Priced

Outdoor Protection with Two Layer Outdoor Windshields
hieldss
hields
Site proven – years of continuous use at some sites
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NNR-03 Noise Nuisance Recorder
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