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From the President

Council met in Tanunda, South Australia, after
the AAS Annual Conlerence and Dne 0[ the main

is a particular cause of concern now that the
Standards Association of Australia has adopted a

fruits of the meeting, th
and Grading of Mambers, was publlshed in the
Aprilissue of the Bulletin. An updated membership
application form and information sheet is now
under consideration by the Divisions. Members
will also be pleased to learn that Council has
finally agreed on the design of membership certifi-
cates. The South Australia Division has undertaken
to produce these which will be sent to Sustaining
lembers, Members and Affiliates in due course.

At the time of writing | am just preparing to
leave for a very quick visit to Europe to attend
Internoise 83 in Edinburgh and the 11th ICA in
Paris, as one of a number of AAS members hoping

a reasonable “Australian contingent”.
Iternaionel " Siandarde Organisation and Inter-
national Electrotechnical Commission meetings
follow the ICA in Paris, but unfortunately clash
with academic commitments. Regular and consis-
tent Australian representation on SO and IEC
working groups is very difficult to arrange, which

policy of tandards for use
as Australian Standards wherever posS\bIe

| would like to urge all members to take as
active a part in the Society’s affairs as possible.
One important contribution is to become one of
the ten Committee members who usually meet
once a month to look after the affairs of each
Division, and from whose ranks are drawn the
Councillors who meet twice a year to decide on
AAS policy. The AAS is affiliated with the Com-
mittee on Physics of the Australian Academy of
Science, it is a member society of the Inter-
national Commission on Acoustics (a Commission
of the International Union of Pure and Applied
Physics) and a member of the International Insti-
tute of Noise Control Engineering. Thus, as well as
having an input to the local acoustics scene, active
members have a chance to contribute, through
Council, on a national and international scale.

ANITA LAWRENCE

Editorial

The playing of loud amplified music is almost
certain to produce a hostile reaction wherever it
urs. Apart from the annoyance aspect, the

h

This is one of many publications we are now
receiving from acoustical societies and other
as a result of e by

possibility of loud music causing
ing loss has often been debated. The article by
Dick Waugh of NAL in this issue looks into the
considerable body of evidence that has already
been accumulated on this subject. Dick's article is
based on a talk given 1o the Audio Group of IREE
Aust. on 4th May,

The final mstalmsm of Bob Harris’s paper on
digital techniques introduces some novel methods
of analysis such as MESA and MIMO. The rapid

of digital

o oar from an inspection of the facilities now
provided on each new spectrum analyser that is
announced. One aspect of the art that has so far
been reserved for the human operator is that of
interpretation of the results of measurement but
even that could be under attack before we are too
much older if the possibilities of artificial intelli-
gence are realise

The quaint object on the cover is an antero-
lateral view of the right bony labyrinth of the ear,
derived from an_illustration in M. L. Barr, The
Human Nervous System.

We have been pleased to receive the first issue
of the new Chinese Journal of Acoustics published
in England by the Acoustical Society of China.

Bulletin Aust. Acoust. Soc.

the Australi Society for exchange of
information. All publications received in this way
will_be_acknowledged in the Bulletin and then
placed in the Society’s library which is located in
the library of the National Acoustic Laboratories,
Sydney. Members are encouraged to consult or
borrow books and periodicals from this collection
by contacting the Librarian at NAL.

From time to time we hope to print a group of
reports from a particular state or institution to give
members an opportunity to learn more about the
wide range of acoustical activities being pursued
in various nooks and crannies around Australia.
We will not attempt to assemble a comprehensive
catalogue of activities since this is already being
prepared periodically by the Australian Academy
of Science (the last such listing was published in

981). Rather we prefer to present a number of
sample reports containing a reasonable amount of
detail. The first set in this series, dealing with
Victorian activities, has been assembled by Jim
Fowler, Convenor, Victorian Bulletin Reporting
Sub-committee, and includes reports prepared by
Ian Taylor, lan Lane and Robin Alfredson pub-
lished in this Issue.

HOWARD POLLARD
Vol. 11 No. 2 — 51
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Articles for publication in the Bulletin may be of two
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(@ Short artcles uhich will appear a5 a Report
or Technical N

(b) Long articles wmch may take the form of a

iscussion, review, tutorial or technical paper.

A referee’s report will be sought for the latter
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long articles, be accompanied by an abstract of
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which greatly assist the reader in following the develop-
ment of the paper. Any standard system of referencing
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To assist the printer, footnotes should be avoided.
Instead, place additional material in brackets or include
in reference section. Equations, tables and figures
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figures should be supplied on a separate sheet. It is
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be supplied with or without lettering. If lettering is
added, please allow for the proportional reduction in
size and thickness that will be necessary. In general,
typed lettering is unsatisfactory

Reprints of papers may be ordered at cost prior to
publication by request to the Chief Editor.

Advertising _information may be obtained
Mrs. Betty Torok on (02) 523 5954.
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© SOUTH AUSTRALIA

Divisional Notes:

1. The conference at the Weintal Conference
Centre, Tanunda, was very successful. More
than 60 delegates from S.A. and interstate
attended to hear the keynote speaker, Dr. Eric
Bender, from Bolt, Beranek and Newman, as
well as over a dozen papers. Summaries of the
papers are available in book form thrcugh the
Secretary (Dr. Adrian Jones, C/- Hills Indus-
tries, P.O. Box 78, Clarence Gardens 5039).

. The committee has produced a letterhead logo
for all our divisional correspondence.

. The committee is currently developing and
printing the membership certificate which will
be issued by federal council to all members.

N

©

Divisional Meetings — 1983:

The programme for this year is as follows:

April 20— “The Acoustics of Studio Control

Rooms at the AB.C." (Peter
Swift).

May 17 or 24 — “Aural perception of phase anom-
alies — or demonstrating the
improved perception of sound in
speaker design” (John Dunlavy —
Joint meeting with the Australian
Audio Engineering Society).

— “Aspects of Future Noise Control
and Legislation for S.A”" (John

ambert).

June 15

August 17
October 19

— To be advised.
—The philosophy and design
pianos — or From Clavichord to

®Modern ' Goncert Grand
(Lucren Parent).

— Social meeting to be advised.  November

Technical Meeting:
20 April 1983

At the April meeting, Peter Swift explained the
principles of achieving'a “dead” room by balanc-
ing the low and high frequency absorption on the
surfaces, the design of the absorption surfaces,
the significance of “sound colouring” if normai
room modes are not taken into account and the
anomalies which arose from using the Sabine
calculation of reverberation time instead of the
Eyring-Norris method. Members were able to
examine rooms before and after treatment for a
practical demonstration of the design.

BOB WILLIAMSON

o NEW SOUTH WALES
Technical Meeting:
1 June 1983 —

A technical meeting of the N.S.W. Division was
held on the evening of Wednesday, 1st June, at

Bulletin Aust. Acoust. Sc.

the Auditorium of the Institution of Engineers,
Australia. The meeting was concerned with
environmental noise assessment and was jointly
organised by the AAS and the Noise and Vibration
Panel of the IE Aust. It took the form of a panel
discussion, and followed a formal seminar on the
topic which the IE Aust. had conducted during the
afternoon.

The meeting was chaired by Meredith Rogers,
and the panel members were Anita Lawrence,
Norm Parris, Tony Hewett and Louis Challis.

While there were a few questions from the
audience concerning the relationship between
sound levels assessed using the methods
described in AS 1055 and the subjective reactions
of people, most of the discussion centred on the
roles of the Victorian EPA and the New South
Wales SPCC in solving community noise problems.
On the subject of enforcement of the noise regu-
lations, both bodies are satisfied with the rate of
resolution of noise complaints using persuasion
rather than legal powers. It also appears that the
quickest way to Db(aln action on a complaint is to
write to the Minis

About thirty people were presen, yith perhaps
half being members of the Society. The evening
roll-up was a little isappointing, with only three
arrving who had not been at the seminar, The

E Aust. provided light refreshments for those
amwng for the evening meeting, but although they
tried valiantly, the three members had to leave a
large quantity of food untouched.

LEIGH KENNA

Technical Meeting Programme:

17 August
AGM. and "Elasrmg Criteria”
6.00 p.m.
S.P.C.C. Conlersnce Room — Barry
Murray, Brian Scrivenor and John
Matzlin to lead discussion.

26 October

“The Sacis/ Eﬂecls of Deaness”
6 00 p.m. p.
C.C. Conlsrence Room.

Spsaker from the Australian Deaf-
ness Council.

Mid November
“Sydney Town Hall Drgan"
6.00 p.m. - 7.30 p.
A combined 1ecnmca| meeting and
social function.
Robert Ampt, City Organist, will
conduct a tour through the recently
restored organ and will play a short
demonstration programme. After-
wards, an end-of-year dinner will be
arranged for members, families and
friends.

TONY HEWITT
Vol. 11 No. 2 — 53



* WESTERN AUSTRALIA
Divisional Notes

Dr. Valerie Alder, Department of Ophthalmology,
University of Western Australia, was granted six
months’ study leave by the National Health and
Medical Research Council to work in the Max
Planck Institute fur Hirnforschung in Frankfurt,
West Germany, between the months of September
1982 and February 1983. Her stay in Europe had
two purposes; one, to Iearn the techniques for

e VICTORIA
Technical Meetings
16 March 1983
On the 16 March members of the Division had
the opportunity to visit the officers and laboratories
of the Audiological Department of the National
Acoustics Laboratory in Melbourne. The Depart-
ment’s stated main role is the selection and fitting
of hearing aids for children and pensioners.
. Glenda Alder, the Acting Assistent Director
began the evening with

spocifc relinal regions; and Ihe Slnor was 1o loarn
The teohnique of isolated eye perfusion. Both these
techniques will be used to further the progress of
Dr. Alders research project: “Microelectrode
recording techniques in the analysis of retinal
disease”. In addition during her time away she
visited other relevant_research_laboratories in
Swizerland, France, Germany, the Netherlands

A paper detailing the work carried out in Frank-
furt has been accepted for publication by the
Journal “Brain Rescarch’.

. Derek Caruthers has recently returned from
study leave which included a tour of European
concert halls and attendance at the Conference of
the European Federation of Acoustical Societies,

which was as a joint meeting with the
German Acoustical Society in Gottingent in
September 1982. He subsequently spent four

months working at the School of Architecture in
Cambridge, where Dr. Michael Barron is under-
taking an objective study of the acoustics of
concert halls and theatres, mainly in the United
Kingdom

The-techniques used in this project, which is
sponsored by the SERC, are different, depending
on the function of the hall. For concert halls,
measurements are made of the early energy
fraction; that is the ratio of energy received at a
test seat in the first 50 ms, to the overall energy;
and the proportion of Jateral energy, which is felt
to be important for a source of “spaciousness”.
In theatres, measurement is also made of the
modulation transfer function after methods devel-
oped in the Netherland by Houtgart and Steene-
ken. Houtgart has shown that a measure of modu-
lation transfer correlates well with the intelligibility
of speech. In this technique, white noise modulated
at speech syllable repetition rates is propagated
into the hall and the depth of modulation
measured.

In opera houses, all techniques are used and in
addition, measurements are made with the source
in the orchestra pit.

Among the halls tested during Dr. Caruthers’
visit to Cambridge were the Queen Elizabeth Hall;
Festival Theatre, Chichester; the Maltings at
Snape; the:Octagon in Reading and the Royal
Opera House, Covent Gardel

The results are 1o be used in conjunction with
subjective assessment of the halls by normal
audiences.

The cambndgs Group is also concerned with
1/50th scale modelling and Dr. Caruthers was
involved in the model testing of a new auditorium
for Hong Kong.

MICHAEL NORTON
Vol. 11 No. 2 — 54

for

an informal and informative talk on the pmcedures
used in assessing hearing impairment, the selec-
tion of the aid and the assessment of the fitted aid
for possible “fine tuning”. Mrs. Adler described
several problems encountered by persons with
hearing loss, for example, recruitment, which is
the reduced range in level between audability and
discomfort, and also the loss of high frequency
hearing which exacerbates the problem of masking
by the low frequencies.

After the talk, members were divided into
several small groups. Hector Hart, Senior Techni-
cal Officer for the Department, demonstrated the

AL designed semi-automatic equipment which
enabled the frequency response and power limita-
tion of a particular aid to be checked. John Galt
and Mrs. Alder demonstrated the audiometric
booths normally used for the assessment of
hearing loss in adults. Vivienne Matheson demon-
strated the way impressions are made and
explained how slight changes in the shape of the
plug between the aid and the ear canal can be

ed to modify the overall frequency response.
Elizabeth Rofe demonstrated the large booth for
the assessment of children. Elizabeth also gave us
some insight into the problems of assessing the
hearing loss in children and in particular those
who may also have full or partial blindness.

7 June 1983

A visit was made to Radio Australia’s new com-

plex in Burwood East on the evening of the 7 June.
The complex, the largest of its type in the southern
hemisphere, has been operating for about six
months and is the source of the Australian Broad-
casting Corporation’s international short wave
service.
Radio Australia Centre, as it is known, is built
on three levels. The studios are on levels 2 and 3
in the centre of the building and provide a direct
link to the two wings. Each studio has an external
outlook or an overview of the main foyer. There
are five production studios, each with its own
adjacent control room, SIX announcer booths and
two news reading b

The floors in the buﬂdlng are 250 mm concrete
slab floors. Construction of the walls between
studios is lightweight but quite sufficient for the
purposes for which they were designed. A feature
of this design is the demountable absorption
panels which not only allow the acoustic character
of the studios to be adjusted for a particular
purpose, but also enables future electrical services
to be easily and neatly installed. All studios have
carpeted floating floors. The studio doors have
been fitted with rising butt hinges and the frames
incorporate “refrigeration door” type seals. The
doors do not require locks or other hardware to
ensure an adequate seal. The acoustic design

Bulletin Aust. Acoust. Soc.



work for the complex was done by Louis Challis
and Associates Pty. Ltd.

Other technical facilities viewed were the cart-
ridge/tape preparation room, for dubbing and
multiplecopying, and the computerized master
switch room. This room controls the switching of
all programme lines between studios before each
programme s sent to the transmitting stations at
Shepparton, Carnarvon and Lyndhurst.

Our thanks to J. McNeish, J. Nerg and P. O'Neill
of Radio Australia.

JIM FOWLER

* AUSTRALIAN ACOUSTICAL SOCIETY

ANNUAL CONFERENCE
The Economics of Noise Control
Tanunda, S.A., 24-28 February, 1983

About 80 delegates attended this Conference in
the Barossa Valley, timed for one week after the
bushfires and one week before the floods! The
Conference was opened by the Hon. Anne Levy,
MLC, and the keynote speaker was Dr. Erich
Bender from Bolt, Beranek & Newman, Boston,
whose topic was the Economics of Connomng
Noise at the Source. He concluded that it is more
cost effective to control noise at the source for
new equipment than to retrofit. However, not all
manufacturers or users benefit from noise control

and in cases where it is chiefly the public that
beneflls public investments in noise control R & D
through government-sponsored programmes is the
most promising approach.

Sixteen other papers were presented dealing
with such diverse matters as noise control in the
steel industry; the viewpoint of Unions whose
members work in noisy industries; the economics
of noise control in an oil refinery; the benefits of
noise control for quality of life; noise reduction
inside passenger cars; energy conservation versus
noise control in mechanical services; the com-
munity cost of noise control; product development

s a way to reduce noise control costs; sound
power modelling for major complexes; vegetation
— attenuation for the birds?; local government
noise control schemes as a cost-effective approach
to noise control; the cost of noise in residential
areas; costs of traffic noise abatement; economical
control of motor vehicle noise by tyre and tread
design; traffic noise reduction of facades contain-
ing windows and a consultant’s approach to
solving noise problems.

The South Australia Division is to be congratu-
lated in organising a very interesting and success-
ful Conference — the choice cl an out-of-town
venue worked very wel Il —

note that his company is NO LONGER Knowland

Harding Fitzell Pty. Ltd. but is now Graeme E.

Harding & Associates Ply. Ltd, 22a Liddiard Street,
HAWTHORN, VIC. 3122, Tel. (03) 819 4522,

(Ed. We understand that this pamcular\y applies
to the editorial team!)

We have been advised that Ron Carr & Company

Pty. Ltd. have moved their office to the 9th Floor,
60 Albert Road, South Melbourne. New telephone:
690 8933. Telex No.: AA 32071.

© PSYCHOLOGICAL ACOUSTICS IN
AUDIO EDUCATION

A private company, the Victorian Audio Educa-
tion Centre Pty. Ltd., Director Vyt Karazija, was
formed during 1982 and is located at Richmond,
Victoria. It is a sister company to the South Aus-
tralian Music and Audio Education Centre Pty Lid.

Director Peter Brook, , which commenced
operations during Tore."

The aim of both schools is to provide a back-
ground for prospective sound engineers for their
industrial in sound
the production of sound recordings, film sound
tracks and sound for radio and television broad-
casting.

A report in “The Bulletin” for April 1979 (Vol. 7,
No. 1) described an introductory course in phycho-
logical acoustics that was designed by Australian
Broadcasting Corporation engineer, Donald Wool-
ford, MAAS, and presented by him in collaboration
with' lecturers from the Sturt College of Advanced
Education, Dept. of Communication Disorders.

This S.A. course is still being presented once
annually by Mr. Woolford, who has now organised
a similar course for the Victoria School. He will
continue his involvement by visits from S.A. or
forwarding lecture material to cover the music and
recording/broadcast aspects.

The new School has been fortunate to obtain the
services of Dr. John Bench, Head, School of Com-
munication Disorders, Lincoln Institute of Health
Sciences, Carlton, Victoria, and his colleagues,
Rick Osborne and Dr. Rob Rodegeair, who will
introduce students to the anatomy and physiology
of hearing, psychophysics, speech production and
perception, hearing measurement and the effects
of noise on man.

Practical sessions in the listening room in the

only
were the lack of tlme to be able ta actually sample
the delights of the Barossa Valley (although few
who were not there will probably believe this!).
eedings are available through the
South Australva Division.

ANITA LAWRENCE

* CHANGE OF NAME

Would all who wish to communicate in writing
with Graeme Harding (of PEOPLE fame) please
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of stereo will be by Alan
Ireun of the ABC.

e psychoacoustics_ subject can be studied
separate o the Sound Engineering Course and it
is considered that the material presented should
be useful for practising sound engineers and
acousticians.

For information please contact the Schools at
1-3 Gordon Street, Richmond, Vic. 3121, phone
(03) 428 1190 or 212 Hindley Street, S.A. 5000
phone (08) 212 5955.

DON WOOLFORD
Vol. 11 No. 2 — 55



DENSITY

ISA Panels

close up
showing the
perforated

steel tray
supporting dense
ROCKWOOL
absorptive
insulation.

ISA Panels
in Situ at the
Torrens Island
Power Station
workshop.

CONTACT: SA. & NT.:

ROBUST AND V

SIDDUNS

NSUFAMION

MANUFACTURER OF ROCKWOOL INSULATION

SIDDONS ISA PANELS

ERY EFFECTIVE!

Siddons Insulation:
(Head Office & Factory)
Siddons Insulation:
Siddons Insulation:

Insulco:

ACl

LMY

Research Road, Pooraka, SA.
Phone: (98) 262 6611

58 Dougharty Road, Heidelberg West
Phone: (03) 450 9333

12 Verrell Street, Smithfield

Phone: (02) 604 1188

39-45 Balaclava Street, Woolloongabba
Phone: (07) 3917733

15 Fairbrother Strest, Belmont

Phone: (09) 277 6444

o

N\




ople comings and goings personal news people comings and gd

GRAEME CLARK HONOURED

Graeme Clark is probably very well known amongst
our members for his many years of work in deveoping
what is popularly called a bionic ear. Graeme has
addressed the Victoria Division on at least two occa-
sions in the last twenty years describing his work; we
are pleased therefore to see that he was honoured in
the Queen’s New Year Honours and was admitted to
the Order of Australia in recognition of his work in
developing hearing for the deaf.

WHY NOISE CONTROL ?

Why do factories get motivated to reduce noise?

Most of us know most of the reasons, but recently
Sound Attenuators had an enquiry from a factory aris-
ing from the installation of a new machine. And was
the machine very noisy?; it must have been, because
the factory were complaining that since the installation
of the new machine they had had to increase the level
of the background music. No, they were not complain-
ing about the noise of the machine or the noise of the
background music, only that they could not make their
background music loud enough to still hear it over the
machine without excessive distortion!

1 am indebted to John Blackshaw of Sound Attenu-
ators for the above.

MORRY JEFFERIES LEAVING ACOUSTICS 2
finitely one of the “characters”
ecently your People
Columnist has heard rumours, or been fed rumours,
that Morry Joffeies is thinking of lsaving acouslics and
retiring. When had cause to call on our office
recently I put Ihess suggestions 1o him and the answor

" Wnilst_having Morry captive we asked him how
things were going with NAP generally, and what we
learnt is included in some of the items below.

NAP-SILENTFLO AMALGAMATION

Noise Abatement Products Pty. Ltd. and BTR Silent-
flo Pty. Ltd. have amalgamated to form NAP-Silentflo

subsidiaries of British Tyre & Rubber; and as they both
manufacture noise conirol equipment it comes as
surprise that they have amalgamated. They have sent
to your People Columnist a press release setting out
details of their amalgamation and their product range
which includes all sorts of noise control devices. For
anybody not familiar with their product range | am sure
NAP-Silentilo at 21 Browns Road, Clayton, Victoria, or
28 Short Street, Auburn, N.S.W., will be only too happy
to provide details,
TIM MARKS OVERSEAS

Tim Marks from NAP-Silentflo is currently overseas
visiting the United Kingdom, France and Germany to
fearn ‘more about current trends in noise control in
those countries.

NAP SILENCERS FOR THE NEW
PARLIAMENT HOUSE

The last bit of information | learnt from Morry Jeft-
eries is that NAP-Silencers have been selected for
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Areas 4, 5 and 6 of the new Parliament House.

again it seems appropriate at this stage to
mention 1o all readers of the People Column that if
they have similar bits of information about people and
other acoustical doings they should contact the People
Columnist as all such bits of information will be grate-
fully received and may be used in this column.

RUGGED INSTRUMENT HEY WHAT !

A long time ago when this column was the gossip
column we mentioned the difficulties we had had with
one of our own instruments malfunctioning and the
costs that we had incurred in getting the instrument
repaired whilst still under warranty. Whilst we never
mentioned the manufacturer's name, he recognised
e story as fitting him and made representations to
your then Gossip Columnist about what a nasty thing
it Was to print these stories.
low that same instrument manufacturer can rejoice!
ot very same instrument of ours recently under-
went an impact test which it came through with smash-
ing success. More spec the _instrument was
croppedfrom the groat height of some 12 metres. (or
36 feet in old language) to fall on very hard concrete.
One of the batteries from inside the instrument was a
write off, the plastic battery holder was a write off, one
wire off the battery test push button broke, and the
instrument side panels were damaged. In  other
respects the instrument is operative which is some
testimony to its durabi h | forgot, there was
another 50 cents for a new meter glass.

ARAM GLORIG TO COME TO AUSTRALIA

Aram Glorig is now about 70 years old, but is still
as outspoken as ever. Readers may recall Aram
Glorig's previous mention n ths column when he made
derogatory remarks about Telecom telephon

Victoria from September 26 to September 30 and will
probably address the Victoria Divison at their Annual
General Meelmg on September 28 o

Dr. FRANK FAHV FROM I.SAVAR.
TO VISIT AUSTRALIA

Dr. F. J. Fahy, who is Senior Lecturer at the Institute
of Sound and Vibration Research, University of South-
hampton, UK., has indicated that he is interested in
coming fo Australia later this year (around October-
November) for a period of approximately six weeks.
Pe will spend a portion of this time in the mechanical
enginsering department at the University of Woster
Australia, and will give a series of speciali: minars
on statistical energy analysis and acoustic mlensuy
measurements of a noise control course.
Dr, Fahy has had a meteoric rise.

X has mentioned that he is very keen to visit
other Australian Universities and Research Organisa-
tions which are currently involved in noise-and vibra-
tion control, and is prepared to present a series of
specialist seminars/short noise control courses at the
respective Institutions that extend an invitation to him.

This information comes from Dr. Michael Nortan from
the Department of Mechanical Engineering, University
of Western Australia, who will be pleased to hear from
any organisations wishing to invite Dr. Fahy or to
contribute towards his visit to Australia.
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LOUD NOISE . . . THE DEAF OF YOU

Through the sponsorship of the Lions Clubs Inter-
national  Association the Deafness Foundation (Vic-
toria) has produced a slide/tape presentation on the
health and hearing dangers of noise, especially work-

. The kit contains 80

fullcolour slides with matching commentary on an
audio cassette plus teachers handbook and student
worksheets aimed at alerting apprentices and students
1o the risks of noise induced or industrial deafness.

Further information may be obtained from the Hear-
ing Conservation Education in Schools

o []
ness Foundation (Victoria), 340 Highett Road, Highett,
Victoria 3190, phone 555 8816.
CAROLYN MATHER RESIGNS FROM THE A.A.S.
ome members may remember Carolyn Mather as
the young girl who gave a paper fitled “A study o
noish in Gffice buldings” at the Sociely's International
Acoustic Symposium at the Wentworth Hotel in Sydney
in 1968. At that stage Carolyn had compieted her
of Architecture and Master of Building
Science degrees.

Throughout most of the seventies Carolyn worked
for the Public Works Department of Western Australia
and it rapidly became apparent that Carolyn was hard
working, dedicated and m(ellrgcnk Carolyn was active
in the Australian Acoustical Society, being Chairman
of the Western Australia Division and President of the
Society for two years. Carolyn was also very active in
the Standards Association of Australia and was the
dominant contributor to many standards.

In the latter half of the seventies Carolyn moved to
Melbourne to head the Noise Control branch of the
Environment Protection Authority. Progresslvely. how-
ever, Carolyn moved from working in acoustics towards
Working in’ administration. This was ObVIOUSly 16C0-
nised by the Public Service Board, and she is now a
full-time member of that board. Recognising that she
was no longer working in acoustics, Carolyn ultimately
resigned from the Society.

VIBRATION AND NOISE PANEL NEWSLETTER
RE-APPEARS

As the Editorial of the 10th issue of the newsletter
of the Vibration and Noise Panel says, it is more than
12 months since the last issue. This issue contains
interesting summaries of the following:—

Analysis of aircraft_vibration data: this requires
measuroment of vibration modes frequencies and
damping at various aircraft speeds in flig]

Laser induced structural vibration testing: This tech-
nique is being developed for exciting transient
vibrations in a structure by, using laser beams to
vaporise material from targets attached to the
structure.

Failure of ledell 500 MW turbo alternators: An
interesting article discussing several theories
advanced to explain the cause of failure of three
of the four base load 500 MW turbo alternators
at Liddell, New South Wal

Other opics mentioned inciude the_evaluation of
silencer performance using short pulsed-noise
signals; verifiation of analytical evaluation of
water fower vibration; developments of a proce-
dure for testing lhe security of screwed fasteners
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in masonry; and a discussion of progress of
various standards committees.

FRANK WICKHAM RETIRES FROM THE A.AS.

Frank Wickham, known for years around Australia
for his work with the Departments of Cnnslruoﬂon at
Yarra Street, Hawthorn, has retired from the Dej
ments (now the Departments of Housing & Con ahuo-
tion) and has in consequence retired from the Austra-
lian Acoustical Society.

BOB RANDALL IN THE US.A.

Bob Randall will be known to the members of the
Society not only for his many articles in the B &K
technical review but also for the books published by

K, such as “Frequency Analysis”. Bob has always
maintained his membership of the Australian Acousti-
cal Society and presumably intends one day to return
lo Australig, We hear from the address on his subscrip-

on form that he is currently not in Denmark but in

e US.A.

MOBILE EDITORIAL TEAM

Marion Burgess, our Managing Editor, wishes to
correct the impression we gave in the last issue that
she was in England on study leave. It appears that for
“study leave” we must read ‘“long service leave”.
Actually, Marion went to England to test the efficiency
of the medical services. She managed to break a bone
in her leg escaping from (correction: walking with) her
husband Mike and has been hobbling around in a
plastor cast since. Sho even managed 1o give a lecture
at Surrey University with the aid of two chairs, one
for the leg.

‘Doug Cato of RANRL, who is also our cartoonist, is
overseas attending the ICA in Paris where he presented
a paper on his theory of the generation of underwater
noise by the roughness of the surface. (His theory is
similar to the Longuet-Higgins model but predicts an

NA
Centre in La Spezia, ltaly (near the ltalian Rivieral), to
talk_about their work in underwater acoustics (he
probaly taok his swimsut as wll).

Bill Hunter has been posted to the position of
Gourcelior, Defence Scionce at the Austraian Embassy
in Washington for a period of three years. His position
as Director, RAN. Research Laboratory wil bo taken

er by Maurice Frost. Bill has also been the Bulletin's
consumng editor for underwater and physical acous-

Tho latter taskc will now be undertaken by
Dr. Marsh: whom we give a warm welcome to
The aorial am. Our best wishes go with Bill and
his wife during their long “exl

KNOWLAND HARDING FITZELL WON'T DIE
It is interesting how hard it is to kill an old name.
From Howard Pollard, the Editor of the Bulletin, we
receive letters addressed to Knowland Harding Fitzell
Pty. Ltd.; from Telecom we receive not just bills for the
telephone service addressed to Knowland Harding
Fitzell, but even advertisements in the yellow pages.
So once again let all would-be suppliers of informa-
non for the People Column send them to me at
eme E. Harding & Associates Ply. Ltd., 22a
dlard Street, Hawthorn, telephone 819 4522.

GRAEME E. HARDING
Bulletin Aust. Acoust. Soc,




INTERNATIONAL NEWS

Chinese Journal of Acoustics

The Acoustical Society of China, with whom we have
a publications exchange arrangement, have now started
to publish the Chinese Journal of Acoustics in English.

The Editors comment: “The Acoustical Society of
China was inaugurated in 1964 and the first volume of
Acta Acustica in Chinese was published in the same
year. Since then, the Chinese community has grown by
many folds and the field of activities enlarged to all
branches of acousti 1980, when a large number
of ‘acousticians rom China took part i the 10th Inter-
national Congress on Acoustics for the first time, it was
deemed important to promote the international und
standing and collaboration in the field of acoustics by
publishing part of the material in English. This is the
raison d'étre of the Chinese Journal of Acoustics.

In the Chinese Journal of Acoustics, it will be pub-
lished the research papers and technical notes on all
aspects of acoustics, theoretical or experimental,
purely scientiic or applied, and acoustical news in
China. It is inevitable that most material will be the
work done in China, but contributions from guests and
menas from abroad are also solicited.”

ibution_outside China is being handled by
Sciontle a0 Taahical Books Senvce Ld., P.0. Box

7, LONDON WC2N 4DE, Englan:

The Contents of Vol. 1, No. 1, July-Seplembar 1982,
include papers on: Theory of nonlinear interaction of
finite amplitude random sound waves; Reflection and
refraction of plane sound waves in moving stratified
media; Turning-point convergence-zones in under-
water sound channels (Il) A generalised ray theory; A
new method of adaptive array processing for signals of
unknown characteristics; Acoustical method for classi-
fication of seafloor sediments; Long-range reverbera-
tion and bottom scattering strength in shallow water;
Analysis of loaded ultrasonic amplitude transformer by
means of Mobius transformation; Scattering of BG
wave by a groove on the surface of a 6mm crystal;
Study on duration of Chinese consonants; Character-
istics of a uniform pipe array and its application to
infrasonic. reception; Fhl-evoked responses, and FM-
tonotopic characteristics in the auditory cortex of the
cat; Acoustic properties of rigid closed-cell plastic
foams.

Flushing in Concertland

The continuing saga of major problems connected
with major concert halls continues in London according
to a recent note from Marion Burgess. London news-
papers report that: "Just a year after its gala opening,
London’s £153 million Barbican Centre is about 1o
announce the appointment of a new acoustician to
tackle severe and unremitting sound problems in its
concert hall.” The 2,000 seat hall was designed for
large scale musical performances but concerts have
been disturbed by intrusive noises, “such as flushing
of distant toilets, squeaking descent of bar shutters
and the hum of air conditioning”.

The London Symphony Orchestra has complained
about a “loss of resonance in the bass register when
it plays loudly”. The acoustic consultant considers the
problem is related to “the topology of the seats and
their design. The solution could be to replace the seats
but that would affect the air conditioning” and may
cost a million pounds or more.
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Highway Noise Screens
From the CETE (Centre d'Etudes Techniques de
"Equipement) Normandie Centre comes the following
request:
“For one of our studies, we are now looking for
documents  concerning highway noise barriers or
screens.
are pamculavly Inleresled in the treatment of the
diffraction’s edge of
re trying to knaw the results of construction
experiments of noise screens using means able to
improve the diffraction's oficiency such as: poreh-roo,
caps, crenels, absorbent on he top of the wall, etc. .
If your association has documents concerning these
experiments can you send us some documents?”

I any members can assist, please write to F. Lema-
riey, C.ETEBP. 245 BIS-247, 76120 GRAND-QUE-
VILLY, France.

Polish National Conference

The 30th Open Seminar on Acoustics — Annual
National Acoustical Conference will be held in Gdansk,
Poland, from Monday, 5th September to Friday, Sth
September, 1983. The conference will cover all fields of
acoustics. Debates will be held in suitable sections in
parallel. For def ontact Lech Lipinski, Instytut

Telekomumkacu Politechniki ~ Gdanskiej, ~ 80-952
GDANSK, P
INTER- NOISE 84

The Board

of Dirsctors of the Inslituto of Noise
Qontrol Engineering (NCE/US.A.) has snnounced that
INTER-NOI n Decem!
0508 noxt yesr ¥ INTER NOISE 84, th T3t Intarsational
Conference on ol 'Engineering, will
sponsored by the International Institute of Noise Control
Engineering (1/INCE) and wil bo organized by INCE/

o-operation with INGE/Japan. More 1han 500
speclalvsts in noise control are expected to participate
at the 1984 meeting which will be devoted to the latest
technical developments in this rapidiy-expancing field
of world-wide importan

INTER-NOISE s4 Wil bo the first international con-
ference to intly organize member
socig«.es of International INGE. Honoluld was chosen as
the site for INTER-NOISE 84 as it is approximately half-

way between the West Coast of the U.S.A. and Japan.
With the theme “International Co-operation for Noise
Control”, participation is expected from more than 20
countries in addition to large delegations from the U.S.
and Japan.

The three-day conference will be held at the Hotel
llikai, a complete resort hotel at the end of Waikiki
Beach, just a few minutes from Honolulu International
Airport_with its excellent air connections around !
world. The likai was salscted for the confarence be-
cause it offers excellent meeting facilties for INTER-
NOISE 8

A Call for Papers for the conference will be issued
next July. In the meantime, additional information may
be obtained from the INTER-NOISE 84 Secretariat, P.O.
Box 3469, Arlington Branch, Poughkeepsie, N.Y. 12603,

ISVR 20th Anniversary

The Institute of Sound and Vibration Research, Uni-
versity of Southampton, celebrated its 20th birthday in
June 1683, Many membrs of the Australian Agoustical
Society have had the pleasure of working at ISVR over
the years and would like to extend their congvalulslmns
and best wishes for the future to ai the staff of the
Institute including, especially, Dr. R. G. White, the new
Director of ISVR.
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Future Events

AUSTRALIA
1983

August 29-30, SYDNEY
Applied Fourier Analysis Course
Universl(y of New South Wales

. n__Fenton, _Fourier
Ans/ys!s 1265, Senool o Mathematics,
University ol N.S.W. " KENSINGTON,

Aug n J1-$ep|emher 2, SYDNEY
Fourier Techniques and Applica-
tions Conference
University of New South Wales
Details:
Umve!s/lysgof N.S.W., KENSINGTON,
October 19, ADELAIDE
South Australia Division meeting
“The philosophy and design of
pianos — or From clavichord to the
modern concsn grand
Lucien Par
Qctober 26, sVDNEV
w South Wales Division meeting

e Social aftaci of deaness”

PCC Conference Rool
Speaker from tho “Ausiralian Deal-
ness Coun
Nnvember, SYONEY
New South Wales Division mesting
and Annual Dini
“Sydney Town Hall Or
Robert Ampt, Sydney cuy Organist

INTERNATIONAL
1983

September 4-7, LONDON
4th Conference of ths
Society of Audiology.
Details: above sociely, M. C. Martin,
The Secretary, 105 Gower sirset LR
DON WC1E

September 5-9, GDANSK

Annual National Acoustical Confer-
ence, Polish Acoustical Society
Details: Dr. Lipinski, _Instytut
Telekomunikacii Politechniki Gdanskiej,
80-952 GDANSK, POLAND.

October, HIGH TATRA,
CZECHOSLOVAKIA

22nd  Acoustical Conference on
Electroacoustics and Signal Pro-

ssing.

Preliminary Information: Acostical Com-
mission  of Czechosl. Academy of
Science, Sccr. Dr. . Januska, Provaz-
nicka 8, 11000 PRAGUE 1.

British

November 7-11, SAN DIEGO
Meeting of the Acoustical Society of
Chairman: Robell S. Gales, Code 5152,

Naval Ocean Systems Centre, "SAN
Dido, CaLiroRNiA 58155,

1984
May 7-11, NORFOLK, VIRGINIA

Meeting of the Acoustical Society
of America.

Chairman: Harvey H. Hubbard, Acoustics

and Noise Reduction Div., NASA Lan
esearch Center, Langléy Station, Mail

Sonies, HAMPTON, VIRGINIA 23565.

Augun 21-24‘ SANDEFJORD,

A 54 — 4th Congress of the
Federation of Acoustical Societies
of
Socrotariat; FASE 84, Secr. Gon. J. Tro,

, N-7034 TRONDHEIM-NTH, NOR:

October 8-12, MINNEAPOLIS
Meeting of the Acoustical Society of

Chairman: W. Dixon Ward, Hearing Re-
search Laboratory, University of Minne-
sofa, 2630 University Ave., S.E. MINNE-
APOLIS, MINNESOTA 55414.

October, HIGH TATRA,
CZECHOSLOVAKIA
23rd_Acoustical Conference on
Speech and Music in Environment.
Secrotariat: House of Technology, Ing. L.
oralikova, Skultetyho Street, 881 30
BRATISLAVA.

December 3-5, HONOLULU
INTER-NOISE 84
Organised by INCE/U.S.A. in co-opera-
tlon with INCE/apan. Secratarat: P.0.
3469, Arlington " Branch,
Koapsio, N.Y. 12685, U.S A

B® Acoustics

- AUDIOMETRIC TEST BOOTHS

Noise Isolation Class 39

ACOUSTICSPOORS

C 36, 38, 40, 43, dB

SOUND FIELD ROOMS
Installation Service available
Certified by Commonwealth Expenmema/
Building Station, Ryde, N.S.W.

Basic Construction — Composite Panel
Timber Finish
100% Australian Content
Manufactured by

Kell & R.gby (Builders) Pty. Limited

33 Railway Crescent, Burwood, N.SW.

Telephone: (02) 747 5777
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How Much Hearing Damage Does

Loud Music Cause?

Dick Waugh
National Acoustic Laboratories

5 Hickson Road, Millers Point, N.S.W. 2000

discusse

threats.

ABSTRACT: Much of the popular press and some of the scientific literature lead one to believe that there must be
an epidemic of hearing damage among rock music listeners and musicians. Yet in line with several overseas studies
a recent National Acoustic Laboratories survey of nearly 1000 young Sydney people failed to find evidence of such
an epidemic. The NAL and overseas research findings and the discrepancy between expectations and evidence are
It is argued that when objectively interpreted, sound level measurements at discos and similar venues
do not imply an epidemic of the magnitude predicted by some earlier writers and are thus consistent with the
findings of the hearing surveys. While there is a small risk of hearing demage among listeners and a larger one among
musicians and ancillary staff, other recreational (e.g. gunfire) and especially occupational exposures pose far greater

1. INTRODUCTION

When high degrees of amplification became established
in popular music in the 1960's it was only natural that
questions about the possible auditory hazards of this
new trend should be raised. Sound pressure levels (SPLs)
at discos and concerts of 110, 115 and even 120 dB were
reported (16) and the popular press soon picked up the
story. A certain amount of sensationalism occurred.
Headlines such as these: TEENERS RISK POP CONCERT
DEAFNESS, LOUD MUSIC HURTS HEARING, DISCOS ARE
HEALTH HAZARD, BANDS LOUDER THAN A CHAIN SAW
and ROCK AND POP CAN CAUSE YOU PHYSICAL DAMAGE,
though drawn from newspapers of the last few years,
convey the tone of most newspaper accounts of the
dangers of loud music.

A fundamental point overlooked in nearly all such
reports is that, except at extremely high SPLs, noise
level alone is no guide to the hazardousness of sound.
Exposure duration must also be taken into account. For
example, A-weighted energy (the product of A-weighted
intensity and exposure duration is commonly regarded
as the best simple guide to the auditory dangers of
noise; indeed this principle is currently built into all
Australian hearing conservation regulations, Thus the
regulatons permit a daily occupational noise exposure to
90 dBIA) for 8 hours but the level may be increased to
93 dBIA) if the duration is halved. Other countries have
adopted different_intensity/duration “trading. relation-
ships” (in the USA the level may be increased 5 dB(A)
per halving of duration) but the obvious importance of
exposure duration in determining the degree of hazard
means that the idea that amplified music is harmful
just because it is 5o loud is simplistic.

In any case the acid test is whether evidence of
hearing damage can be found in people exposed to loud
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music. In the last 16 years many studies have been
addressed to this question. In discussing them | will deal
separately with those concered with audiences and
musicians.

2. AUDIENCES

One of the first studies attempting to link amplified
music with hearing loss in young people was reported
by Lipscomb (17) in 1969, just as the number of loud
music events began to escalate. Because of its timing
and apparently dramatic findings this study influenced
opinion for a considerable time.

Lipscomb first noted that the incidence of high fre-
quency hearing impairment (typical of noise induced
hearing loss) in a sample of 3000 Tennessee school-
children rose from 4% at age 12 to 11% at ages 15-18.
As the sample was not screened these results must have
included components of inherited and disease-caused,
as well as all kinds of noise induced, hearing loss. None-
theless, Lipscomb's discussion focussed on constant
exposure to “high intensity rock and roll music . .. as a
possible contributing factor in the rising incidence of
high frequency hearing impaiment”. He made only.
passing reference to other noise sources, even though
two years previously a similar study had provided clear
evidence relating high frequency impairment in 1000
Colorado  schoolchildren to  shooting, _noisy farm
machinery and other causes in that order of impartance
(29). Subsequent studies of American rural ,school-
children have shown that at least 25% of+young males
can be expected to have high frequency losses resulting
from shooting (15). In passing, it is noted-that a much
smaller incidence (2.3%) of high frequency impairment
was observed in a recent study of 14391 Swedish
schoolchildren (23). About two-thirds of these impair-
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ments could be traced to noise and the authors reported
that the “most important noise causes were in the
following order: motor vehicles, including tractors, fire-
arms and crackers. In a small number, loud music could
have been the cause of the 4kHz dip”"
The foregoing studies were concerned only with
but Lipscomb (1 measured
the hearing of the 1968 and 1969 freshman intakes at
the University of Tennessee. Again subjects were not
screened for other pathologies, though they were
questioned about their noise exposures. The key result
was that 29% of the 1968 intake and a startiing 56% of
the 1969 intake failed a 15 dB hearing level screening
test at 6000 Hz. When hearing levels were related to
noise exposure, however, the only significant relation-
ship was with exposure to gunfire. Despite this, a single
case study of a young rock musician with a high
frequency hearing notch was presented and discussed
in detail, reinforcing the impression given by the title of
the article — “Ear Damage From Rock and Roll Music”.
Because Lipscomb’s studies were among the first in
this area and were done under the auspices of a Uni-
versity Audiology Department — and perhaps because
they produced the sorts of results people expected —
they were then and subsequently widely quoted in
support of claims about the auditory dangers of rock
music. Interestingly, another study done at about the
same time provided no support at all for such claims.
Rintelmann and Smitley (20} determined the incidence
of hearing impairment in two groups of students, those
who listened frequently to live rock and roll music
(estimated average 5 hours per week) and those who
seldom did (estimated average 41 minutes per week).
The subjects were screened for hereditary factors and
other noise exposure. There were 30 males and 30
females in each group. The results showed that there
were fewer cases of hearing impairment amongst the
frequent listeners, quite contrary to the expectations
aroused by Lipscomb's studies. Since they may have
prompted a more critical appraisal of the available
evidence it is unfortunate that the results of the Rintel-
mann and Smitley study were not published until 1977

In the United Kingdom a number of studies of disco
atteners havo bsen cared out by Faa of the Depart

mean hearing levels, the non-attenders more so than the
attenders, and there were 7 as against 3 subjects out of
a total of 1563 whose hearing declined by more than 5 d8
over the year (12).

Generally, the effects reported by Fearn have been
small, of an audiometric pattern unlike that generally
associated with noise induced hearing loss and ap-
parently uncorrelated with degree of exposure.

The most recent relevant study was conducted in
Sydney under the direction of Carter of the National
Acoustic Laboratories (5) as part of a general survey of
the effects of environmental, recreational and occupa-
tional noise on the hearing of young people. It involved
a sample of nearly 1000 under-21 year olds and was
conducted with meticulous attention to standards of
medical examination, determination of medical, hereditary
and noise exposure histories, tympanometry and audi-
ometry. Many of the subjects, of course, had attended
discos, concerts and other loud music events. Nonethe-
less group hearing levels differed very little from inter-
nationally standardised values of normal hearing.
Statistical analysis of the data revealed a weak connec-
ionb ttend: Joud musis d heari

level, but only in one ear and only at 2, 6 and 8 kHz.
Again, this pattern is not typical of noise induced hearing
loss which, in group data, is usually more marked at 3, 4
and 6 than at 2 or 8 kHz.

3. EVIDENCE AND EXPECTATIONS

While amplified music unquestionably has the potential
to cause hearing loss in susceptible individuals, the
studies just described show that it has not caused the
epidemic feared by earlier writers. There is thus a
conflict between the survey evidence and the common
belief that amplified music must be ruining the hearing
of the younger generation.

How has this conflict come about? It seems most
unlikely that the basic sound level measurements made
by many investigators at many venues could have
consistently over-estimated the levels that actually
existed. It is even more unlikely that audiological
investigators have consistently measured hearing levels
better than those that actually existed in the exposed

ment of Architectural Studies at Leeds First,
Fearn (9) found that, in a group of highly screened 1828
year old students, those who attended discos had poorer
hearing levels than those who did not. The differences
were small, however, averaging 2.4 dB across the 0.5 to
8 kHz frequency range, and showed no sign of the high
frequency notch typical of noise induced hearing losses.
Nor, on further analysis, was any systematic relationship
found between hearing level and frequency of attendance
(10,

In more recent studies (11, 12) Feam has looked at
the 9-16 year old age group, again comparing attenders
with non-attenders. The results were similar to those for
the older age groups. At all frequencies the attenders
had poorer mean hearing levels by an average of about
2 dB, but again there was no sign of the classical noise
induced high frequency notch and no progression of the
loss with age (and hence number of disco attendances).
Retested about a year later, both groups showed better
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If our are incorrect, therefore,
it seems that the fault must lie in the chain of reasoning
by which we proceed from noise measurements to
expected hearing loss.

1 would like to illustrate some potential sources of
error in such reasoning by working through a typical
newspaper report about the hazards of rock music. My
reason for referring to a newspaper article is simply that
many more people — scientists probably included —
read such articles than read the scientific literature on
noise induced hearing loss. Prevailing beliefs in the
community therefore tend to be based on popular
accounts and it is useful to direct attention to their
shortcomings, especially as these do not appear to
have been discussed elsewhere.

Consider, then, an article headed ROCK BANDS ARE
BLASTING AT DEAFENING LEVELS which appeared in the
Sydney Sun-Herald in February, 1981 (13). This article
is fairly typical of most newspaper accounts of the
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rock music hazard at the time; indeed it is more specific
than most in that it attempts to relate actual noise
measurements to official industrial hearing conservation
regulations. The following statements are made in the
article: “A SunHerald survey has found that many
Sydney rock bands are playing much more loudly than

varies in level over time. It is equal to that steady or
continuous sound level that would, in the course of the
measurement period, cause the same sound energy to
be received as that due to the actual, varying, sound.
A-weighted Leq (Leq.A) is now the most commonly used
measure of noise level for the purpose of hearing risk

danger levels by the Health C

... The Sun-Herald took a sound level meter to measure
the decibels at some popular night spots ... At Kings
Cross Manzil Room & punk band ... was playing an
average of 106 decibels with the needle swinging as
high as 107 ... . At The Rocks another punk band ranged
between 100 and 112 ... A more sedate band at the
Basement registered a pleasant 84 to 93 decibel reading
... A band at another hotel ranged from 90 to 104
decibels and another at Woollahra ranged-between 100
and 108 with an average of 104”.

The article points out that these levels are well in
excess of industrial noise exposure limits but acknowl-
edges that the latter are applicable to long term daily
exposure rather than the intermittent pattern character-
istic of rock music exposure. However — and this is the
crucial point — the article does not attempt to quantify
the difference this might make to the effective noise
exposure of disco patrons and the reader is left with the

g .
This impression is, of course, strongly reinforced by the
heading of the article.

As a working figure on which to base a critical
appraisal of this article, let us take a round number of
110 dB, just under the maximum level (112 dB) measured
in the Sun-Herald survey, and consider the following
points:

Weighting

The article does not say if the reported sound levels are
weighted or unweighted decibel values. It is important
to know this, however, since noise hazard is assessed
on the basis of A-weighted rather than unweighted SPLs
and the frequency spectrum of rock music is such that
A-weighted sound levels are, on average, 2 to 6 decibels
less than unweighted ones (20, 30). An unweighted
measurement of 110 dB would therefore represent 104-
108 dBIA). For the sake of the argument, however, let us
give the Sun-Herald the benefit of the doubt and assume
their measurements were made in dB(A). We are there-
fore considering a noise level of 110 dB(A) (though we
might note that 104 dBIA) is the average live music level
reported in major UK (30) and USA (20) studies).

Type of Reading

It is apparent from the article that a sound level meter
with a conventional needle-and-scale meter movement
was used for the measurements. From the range of
values reported in the article and from the relations
between the average and peak values noted by the
reporter, our working value of 110 dB(A) could reason-
ably be said to be an “average of peaks” reading.
According to Whittle and Robinson (30) the Leq value
of music is typically about 3 dB less than “average
of peak” meter readings, so the Leq value of our
hypothetical band would therefore be 107 dBIA). Leq
stands for equivalent continuous sound level and is a
measure used to denote the magnitude of a sound that
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Leq.A, but over what period?

Measurements of noise level alone, however, are not
enough. As argued above, to evalute the hazard of a
noise exposure we must also take account of ts duration.
In the course of an evening's performance a band
usually has a few rest periods, typically it seems (3) at
the rate of about one 15 minute rest period per hour. In
a 4 hour session, therefore, the band actually plays for
only about 3 hours. Returning to our example, if the
LeqA for the time the band is actually playing is
107 dBIA), the Leq.A for the total d-hour session, desig-
nated Leq.A.4, will equal 107 + 10 log 34, which is
just under 106 dB(A). This would be the equivalent

i d level by a patron attendi

for a full 4-hour session.

The 40 hour week

If we are going to use industrial noise criteria to assess
the hazard of rock music exposure, we have to think in
terms of equivalent exposure over a 40-hour work week,
because that is what industrial criteria are based on.
We are assuming attendance for one 4-hour session per
week (actual attendance averages 3% to 4% hours per
week (2, 3) so this is a reasonable valuel; this is exactly
one tenth of a 40-hour work week and so in energy terms
represents a factor of 10 dB. The Leq.A4 value of
106 dB(A) that we calculated in the preceding section
therefore represents a noise dose equivalent to that
received by someone working in 96 dB(A) for a 40-hour
week. This is by no means a safe exposure but it is far
removed from the horrendous sounding value of 110 dB
we began with.

3dB or 5dB rule?

In the previous sections | used the equal energy or 3 dB
rule to adjust Leq.A for quiet intervals in live band
performances and to reduce once-weekly exposures to
the common basis of a 40-hour week. This rule is built
into Australian, European and ISO hearing conservation
standards.

In the USA, on the other hand, a 5 dB rule is used
because it is believed that the equal energy rule over-
estimates the hazard of intermittent noise exposures.
This belief is based on evidence from laboratory studies
of temporary hearing losses induced by intermittent
noise exposures and field studies of permanent noise
induced hearing losses in forestry workers-and miners,
both of whose cut-and-clear work patterns entail inter-
mittent noise exposure. In all these cases smaller hearing
losses occur than would be expected on the basis of
predictions made using the equal energy rule. The
general rationale of the more liberal 5 dB rule is that the
rest periods sandwiched between intermittent exposures
give the ears extra opportunities to recover between
bursts.
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If the 5 dB rule s, in fact, the more appropriate one to
use for intermittent exposures the LeqA.4 in our
example would be 105-16.6 log 10, i.e. just over 83 dB(A).
Given that we have been considering a louder than
average live performance and that recorded music levels
in public entertainment venues are up to 13 dB(A) lower
than those for live music (30) it may not be so surprising
that surveys have failed to show a major epidemic of
rock induced hearing loss among young people.

4. NOISE MEASUREMENTS AND

-RISK ESTIMATES
This conclusion is consistent with the results of several
scientific appraisals of noise exposure at loud music
events. In 1973 Whittle and Robinon (30) reviewed the
38 papers published to that time that reported measure-
ments of sound levels at such events. Combining the
data from these reports they calculated that typical
Leq.A 4 values received by the audience were 101 dB(A)
for live music and 88 dB(A) for recorded music. Assuming
once-weekly attendance these values represent Leq.A.40
exposures of 91 and 78 dB(A) respectively (84 and 71 on
the 5 dB rule).

Using predictive equations derived from Burns and
Robinson’s (4) study of industrial noise induced hearing
loss, they estimated that after 8 years of once-weekly
attendance at live performances a person of average
susceptibility would show a notch of 8.7 dB at 4000 Hz,
still well within the “normal” range of hearing levels (up
to 20 dB). A highly (5th percentile) susceptible person,
however, would be expected to exhibit a 33 dB notch at
4 kHz, and such a person whose number of attendances
was a standard deviation above the average would suffer
43 dB notch.

These predictions underline a point that is worth
stressing: while most casual disco attenders probably
run little risk of hearing damage a few are likely to
suffer significant impairment. As there is no way of
predicting susceptibility until actual damage occurs,
anyone who experiences dull or distorted hearing or
tinging in the ears after exposure to disco (or any other)
noise would be prudent to consider avoiding or limiting
future exposures.

The same point emerges from other studies. In 1980
Cooper (7) reported a sound level survey of 37 Sydney
venues where loud music was played. He observed that
average Leq.A values varied, depending on the age range
of the clientele, from 86 to 109 dBIA) for live music and
from 82 to 100 dBla) for recorded music. These data
were subsequently converted to Leq.A.40 estimates by
Macrae (18), who showed that they were equal to
40-hour per week exposures of 80 to 95 dBIA) for live
music and 78 to 87 dBIA) for recorded music. Again,
however, these are average values and the data imply
less comforting prospects for the highly exposed or
unusually vulnerable ear. For example Cooper noted
Leq.A values as high as 112 dB(A) for live and 108 dB(A)
- high a ?

ears could not tolerate a once-weekly Leq.A.4 of more
than 88 dB(A) without damage.

Lastly, in a recent UK survey involving 4166 interviews
on patrons’ attendance pattems, and a sound level and
dosemeter survey of 49 discos, Bickerdike and Gregory

Vol. 11 No. 2 — 64

(2) reported a median audience Leq.A.4 of 97 dB(A) and
thus an equivalent weekly exposure (Leq.A.40) of 87
dB(A). Using the Burns and Robinson predictive equations
mentioned above they calculated that 0.025% of an
estimated 6 million regular disco attenders (i.e. 1500
people) would sustain a 30 dB average hearing loss at
1, 2 and 3 kHz at the end of their attendance period.
While the number of those affected is relatively small,
this degree of loss ental\s a significant dlﬂ\culiy in the
of disc d
unfortunate enough to have susceptlble ears.

Overall, these three surveys show a range of Leq.A.40
values of 80-95 dB(A) for live music and 78-87 dBI(A) for
recorded music and imply a small, though for the affected
individuals significant, degree of hearing damage risk in
rock music fans. A few provisos need to be kept in
mind however. The derivation of the Leq.A.40 values
and the risk estimates from the initial sound level
measurements has been based on the 3 dB rule. If the
5 dB rule had been used the values would have been
considerably smaller, varying from slightly below to

well
nmws with corresponﬂvng reductions in sk, Evaluating
such exposures by comparison with industrial criteria

also regular for 10
years or more. In the only survey that has provided data
on this point, Bickerdike and Gregory (2) found that the
median attendance duration was about 7 years. For this
reason too, therefore, the overall risk may be somewhat
less than has been estimated. On the other hand the
risk estimates are for loud music exposure alone and do
not take account of occupational or other recreational
noise exposures. Such additional exposures are cumula-
tive in their effects and imply a greater degree of risk in
individuals ine them with loud

As far as listeners are concerned, what is really
needed now is a study of the late 20's — early 30's age
group to determine the incidence of hearing impairment
in people who have had many years exposure to loud
music. Such a study is being planned by the National
Acoustic Laboratories, again under the direction of
Norman Carter.

5. MUSICIANS

It audiences show less sign of hearing damage than
might have been expected, what of musicians? Several
studies addressed to this question were undertaken in
the USA in the late 60s and early 70's. In this area the
surveys have yielded more concrete evidence.

Rintelmann and Borus (21) compared the hearing of
42 young musicians with that of 10 non-noise exposed
controls. On average the musicians had been playing
music at approximately 105 dB SPL for about 11 hours
a week for 3 years. All 10 members of the control
group and 40 of the 42 musicians had normal hearing.
One of the musicians had a bilateral 4 kHz notch to
40 dB, the other had a high frequency roll-off to 40 dB
at 8 kHz in one ear only.

Cohen, Anticaglua and Jones (6) measured the hearing
levels of two teenage bands. The 5 members of one band
had normal hearing. The average audiogram of the other,
6-member, band showed a decline in high frequency
hearing sensitivity to 22 dB at 6 kHz (no individual
audiograms are given).
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Redell and Lebo (22) studied a slightly older group of
43 musicians (average age 22). The mean hearing levels
of the group showed a 20 dB notch at 6 kHz with
individual audiograms dipping to 50 dB.

Speaks, Nelson and Ward (25) examined 25 musicians
and found that 6 of them had impaired hearing (HL
greater than 20 dB) at at least one frequency. They
pointed out that these impairments could not be at-
tributed solely to music, however, because “in each
instance, those musicians who evidenced a substantial
hearing loss also had engaged repeatedly in hunting,
trap shooting, or had served in the artillery of the
armed services".

Jerger and Jerger (14) measured the hearing of a 5-
member band who had been playing together for an
average of about 14 hours a week for two years. Three
of them had impaired high frequency hearing (HLs 30-70
dB at frequencies above 2 kHz). However, because
they had not attempted to exclude other possible
causes, Jerger and Jerger were unable to attribute
these losses to music alone.

In 1977 Rintelmann and Bienvenue (20) reported a
follow up of the 42 musicians originally studied by
Rintelmann and Borus. Four years after the initial study
10 of the original 42 were found who were still actively

leave the profession early when they notice their
hearing being affected.

As is to be expected from their greater exposures and

o n their gre £

higher incidence of hearing damage than their audiences.
Pooling the American and European data, it can be seen
that 40 (13%) of 313 rock musicians have been found to
have some degree of hearing impairment, usually mild.
It must be acknowledged that several of the studies
from which these data are drawn were poorly controlled,
in that little or no attempt was made to exclude other
possible causes of impairment such as medical and
hereditary conditions and other noise exposures. On the
other hand it is not known how representative these
musicians are of rock musicians in general; a notable
source of bias in fact is that there have been no studies
of older rock musicians.

For what they are worth, however, the observations
of musicians’ hearing parallel those of audiences in one
major respect: the amount of hearing loss is less than
generally expected. Perhaps this is further evidence for
the view that the equal energy hypothesis — the 3 dB
rule — is conservative when it comes to evaluating the
auditory hazard of intermittent noise exposures, a view
which has received further support from recent animal

playing. Their hearing was essentially the
largest individual difference measured being 10 dB.
After a further 3% years six of the musicians were stil
available for follow up. Their mean hearing levels were
within 10 dB of those measured 7% vyears before.
Individual analysis, however, showed that two of them
had suffered high frequency losses of 15 dB or more
and one of these had a clear noise induced notch
reaching 45 dB at 3 kHz.

Overall, 126 young musicians were examined in this
series of American studies and at least 23 (18%) were
found to have impaired hearing, though usually of mild
degree and not always the result of music exposure alone.

There have also been a number of European studies
of rock musicians’ hearing. They were reviewed recently
by Axelsson and Llndgren (1), as a prelude to an ex-
tensive study of their own. They pointed out that of a
total of 118 musicians investigated in four separate
studies only 6 (5%) were found to have hearing losses
attributable to amplified music.

In their own study Axelsson and Lindgren examined
69 rock musicians. Their mean age was 26.5 years and
on average they had played 18 hours per week for 9.3
years. Eleven (16%) of them had hearing losses at-
tributable to music though, as found in the American
studies, the degree of loss was mostly mild. Very few
hearing losses exceeded 30 dB and Axelsson and
Lindgren remarked that “at an average age of 31 years,
after performing pop music for an average of 13 years
for about 30 hr/week, these 11 pop musicians, in general,
have a slight SNHL (sensorineural hearing loss) and
mostly on one ear only. The incidence of SNHL and the
amount of hearing loss must be regarded as surprisingly
small”. Axelsson and Lindgren also measured temporary
threshold shift after a 2-hour pop concert and found that
musicians appeared to be considerably more resistant to
TTS after exposure to pop music than the audience, a
finding consistent with the often made suggestion that
young musicians susceptible to hearing damage may
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in which tir trading
as large as 8 dB have been observed for intermittent
exposures (19). Whatever the correct relationship turns
out to be, however, the profession of rock musician
clearly carries a definite risk of hearing damage for a
substantial minority of its members.

6. CONCLUSION

Compared with the industrial noise toll — where the
incidence of hearing impairment is over 30% in some
occupations (8, 24) and over 60% in some workplaces
(8), where the losses are often of severe degree, where
in Victoria alone 1500 employers have notified 50,000
cases of hearing impairment to the Health Commission
since compulsory hearing testing was introduced in 1978
and where the compensation payout for hearing loss in
NSW and Victoria alone is running at about $20 million
per year — the auditory dangers of loud music appear
almost trivial.

Nonetheless there is a finite risk. Whether its magni-
tude is sufficient to justify political action in the form of
regulations and codes of practice has been discussed in
several places (2, 26, 30) and is not pursued further
here. Clearly, however, at current playing levels those
frequently exposed to highly amplified music either
occupationally (and this includes ancillary staff as well as
musicians) or recreationally who wish not to endanger
their hearing must adopt self-protective strategies such
s wearing some form of earplug or earmuff, limiting the
duration or frequency of exposures and carefully
monitoring the state of their hearin

If people are to take a responsible interest in their
own protection they need clear and accurate information.
There is a need for community education about the
dangers of excessive noise exposure, not only from
recreational sources such as gunfire and amplified music
but above all from noise exposure at work (28). As
many as half a million people may work in potentially
hazardous noise levels in Australia. While the larger
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companies have undertaken hearing conservation
programs the majority of the noise-exposed workforce
is employed in small enterprises, many of which have
yet to take any initiatives at all in regard to hearing
conservation. The auditory hazards posed by rock music
are part of a very much larger problem.
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Scientific Communication

The language we use wh wiiting research papers is
omakably sitad, Thi st sruck ma forsily when | startd
o als some years ago. | remember coming across a paper
which mentioned in the body of the text that there had been a need
for “instrumental readjustment”. Under the references, it was

notad that thi chunge had boen made s the asit of *a personal
communication” from

lend of mine. My frien

o for ol on b
in any discussion of research.
So | queried the reference. It wanspired that what had happened
was this: my friend, whilst drinking coffee, had looked down the
author's microscope and remarked, “You have the specimen in
upsidedown.”

There are various ways of trying to estimate how difficult a
piece of prose is to read. Most of them lead to some kind of index
‘which increases in value as the pr rder. They
typically involve a count of such elements s the number of
per word and number of words per sentence. One that s frequently
used is called (appropriately) the FOG index. When this is calculated
for the prose found in aily newspapers, it gives a value of 9-10 for
tho Sun and the Stor, and 1243 tor o 7 the Guardian.
lculated for physics research papers it

The immediate conciusion, which has been drawn many times in

that something needs o be done about current
monest proposal has been
that researchers should be given aining in witing skils, preferably
at the postgraduate stage when they are leaming their trade.
Another suggestion is that research workers should have linguistic
mentors to whom they can tum for advice. (This already occurs in
some countries where the authors are writing in English as a second
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language.) In the future, when an increasing number of researchers

will be preparing their papers on word processors, they can be helped
Y programmes for assessing the author's feg. by

calculating the FOG index) and for improving the syntax sutomati-

cally.

But all these proposals for improvement may be beside the point.

is of a special K o i

ver cariod out the sxpariment, bu,

omred ot T i bod ordinary Englnh bt o & bed resssch

English? The point is that the stylised patterr

allows information to ba axtracted from them very repid.
Paradoxically, their low readability makes for greater ease of use.

After all, how many research papers do you read thoroughly, as

‘compared with skimming rapidly? Nor is this pure speculation. | have

have English as their first language. It appears that they find it easier
10 extract information from our present stylised research papers than

they would from the same material rewritten in “better” English.
hat the writng of research papers should
be worthwi

conclusion is

mors dlatinguishod, and therefors o audience, the
Simpler the presantation must be. It s ail fight 10 use sited
phrases with your immediate peers, but the world outside has
other s,
Professor A. J. Meadows
in Physics Bulletin, Jan. 1983
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Digital Techniques in Acoustics
Part 3: Analysis of Stored Data (continued)

Robert W. Harris

CSIRO Division of Mineral Physics

Lucas Heights Research Laboratories
Private Mail Bag 7, Sutherland, N.S.W. 2232

common techniques used to analyse sampled and digitised data are surveyed together with

some indications about future developments in signal analysis.

INTRODUCTION: The simple statistical techniques including the mean, standard deviation, kurtosis, and
probability density function were described in the previous article. Also described were the standard
calculational procedures used to compute the power spectral density. The discussion now continues
and considers one of the newer techniques to handle short time samples. After a brief treatment of the
cepstrum and digital filtering, the techniques for handling multivariate systems are described and finally a
few words about nonstationary and nonlinear systems and one of the other possible functions that can

be used in transform approaches.

2.6.3 MESA Approach

Two problems always present when using eitfier of the
two techniques previously described to compute the
[power spectral density are the difficulties associated
with any discontinuities at the ends of the samples and
the limitation on the frequency resolution if a long signal
record is not available. Neither of the previous methods
takes into account the nature of the signal in computing
the power spectral density, and a method which does
(often referred to as a “nonlinear” method) should
produce better spectral estimates. One such approach is
called the MESA (Maximum Entropy Spectral Analysis)
technique, which starts by constructing a linear predictor
filter allowing one to estimate the next value (x,) in a
sequence from past values (X1, Xa-2.

o = aXes + X2 + oo 22)

The mean square error between the predicted values
and actual values for M coefficients in the series will be
called Py, (prediction error). The estimates of the power
spectral density are given by:

Sulf) = Py/{26]1 + £ apexp(—izmfa0[7}  (23)

where f, is the sampling frequency, At is the time
between samples, and m is summed from 1 to M.

The problem associated with the MESA method is the
selection of the “optimum” filter order (value for M). If
M is too small the resulting spectrum will have poor
frequency resolution. If M is too large, spurious peaks
farising from numerical instabilities) can occur in the
spectral estimates. The optimal order is determined by
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finding the value of M which gives a minimum in an
expression involving Py, If N is the number of points,
then the Akaike final prediction error (FPE) criterion i

FPE = N+ M+ 1)/IN+ M- 0IP, (28

Further references on MESA techniques are given in the
bibliography.

27 CEPSTRUM

Many signals consist of a fundamental plus many
harmonics or the superposition of multiple echoes
(reverberation). The resulting spectrum will have a
periodic structure. The time scale of such a periodic
structure can be extracted by computing the cepstrum.
A spectrum is calculated and then converted to a
logarithmic scale. This log spectrum is then transformed
back to the time domain by an inverse Fourier transform
to produce the cepstrum (see bibliography).

2.8 Digital Filtering

Filtering of signals is an important 'I.InClIO", and one way
of achieving this would be to take the Fourier transform
of a signal; multiply it by the characteristic of the re-
quired filter; and then carry out the inverse Fourier trans-
form to obtain the output. This procedure is involved, re-
quires considerable computational aﬂon and the output
is affected by the results of any rpentry”
However, using the values of the digitised data already
available, it is possible to achieve a filtering action
without the use of Fourier transforms. A digital filter
constructs the current output from current and past
values of the input and past values of the output. Since
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MESA Analysis of a Sine Wave Plus Noise

@

) C}

The advantages of the MESA technique for spectral analysis are apparent when it is compared with the usual Fourier transform
tochnique applied o a sine wave plus noise. The figures show (a the graphs of the 100 points of raw dat; ) the unsmoothed
po

pest vahies of the cutput are used the fiv s calld
recursive (or Infinite Impulse Response — IIR), b

past values of the output are not used the filter is called
non-recursive (or Finite Impulse Response — FIR). If y;
are the outputs and x; are the inputs, the digital filter
can be represented as

Vi = agh + Ay + aig + ...
+ bryia + bayip + .. (25)

The recursive filter requires less coefficients than the
non-recursive filter, where all by = 0, but can be more
prone to numerical instabties. The determination of
values for be achieved usi

computer program packages. Some of the ammercin
third-octave filters now available use digital techniques
to achieve the filtering action. It is possible to achieve
filter characteristics using digital techniques that are not
easily realisable using known analog approaches.

Consider the low-pass filter specified by

Yi = X + Xiq — 05y, (26)

The frequency response of such a flter is given in Figure
3. The response is symmetrical about half the sampling
frequency and since the Nyquist criterion will be satisfied
when sampling the signal, no frequencies will be present
in the region above half the sampling frequency.

3. PARAMETERS FOR TWO VARIABLES

3.1 Joint Probability Density Function

The pdf, f(x), for a single variable, x, was defined such
that the probability that x lies between the limits x, and
Xzis given by

Prob (x < x<xp) = f fix) dx @)
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where the limits of integration are x; and x;.

For two variables x and y one can define a joint proba-
bility density function, fixy), such that the probability
that x lies between x; and x, and y lies between y; and
Y2, is given by

Prob ( < X< v <y<yd = | ] fixy dedy (28)

where the limits of integration are between x, and x;
and y; and y,. The probability distribution function for
x only, allowing y to take any value, can be determined
by integrating out the dependence on y.

o) = | fixy)dy (29)

where the limits of integration are from — e to + .

The digital formulation for the computation of the

foint probabity density function is an extansion of the
din Appendix| to

“10
_ o
3
=
§ -0
3
20k
-30
20 w0 6 80  100%
% of sampling frequency
FIG.3 Digital fiter gain (dB) against percent of

sampling  frequency
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32 Cross-correlation

If two variables x, (i = 1,2 ... N)and y, (i = 1,2... N)
are available, then the autocorrelation defined by
equation (9) can be extended to calculate the cross-
correlation,

Ralist) = [1UIN=i E xy. (30)

The cross-correlogram is an ideal means of ascertaining
the delay between two signals which is illustrated in
Figure 4, and can also be the starting point for the
calculation of the transfer function. The significance of a
peak in a cross<orrelogram is better estimated by
normalising the values by the geometric mean of the
variances of the x; and y; (which are the values of the
autocorrelations for zero lag). The normalised cross-
correlation is given by:

Onlr) = Ryl R0 R (0N @1

e NP7 NI B

|
Lol

Ry (1)

FIG.L  Ex of a signal and o distorted delayed
version (delay T) together with the
correlogram  between the two  signais
(showing a peak for o lag of T)

33 Crossspectra and Transfer Function

As the auto-spectra can be calculated by a Fourier trans-
form of the auto-correlation so the cross-spectra can be
calculated by a Fourier transform of the cross-correlation
lextension of equation (10}

Sylo) = J Rylr) expl—iwr) dr 32)
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The cross-correlation is not necessarily symmetrical about
7 = 0 50 that both the real and imaginary parts (cosine
and sine) of the complex exponential in equation (32)
have to be evaluated.

Alternatively, the crossspectra could be directly
calculated from the Fourier transforms of the two variables
extension of equation (14)]

Sylo) = (112T)Xqliw) Y5ie) 33)

Four power spectral densities can be calculated from
two signals, x and v. They are Sulw, Syylw), Sylw) and
Sydaw). The transfer function, Gl), which tells how the
two signals are related in the frequency domain (taking x
as input and y as output), can then be calculated:

Gla) = Syle)/ Spla) 34)
Glo) = Splu) /Syl 35)
G2 = Spla)/ Sele) 36)

Equation (34) is generally the preferred formula as the
effects of any contaminating noise is minimised. A test
of the “goodness” of the transfer function calculation,
which is an assessment of the effects of extraneous noise,
is to calculate the coherence function, Cyylw), which lies
between 0 and 1

Cole) = |Sle)|/Sule) Splw) @7

There are many ways of representing the information
obtained via a transfer function calculation. These include
real and imaginary parts versus frequency; modulus
(linear or log scaling) and phase versus frequency; log
scaled frequency (Bode plot); imaginary part versus real
part (Nyquist plot).

4. MIMO ANALYSIS

The analyses in the previous section considered that a
single input to a system gave a single output. A more
general case is that where there are multiple inputs and
multiple outputs (MIMO). Each output could have a
contribution from each of the separate inputs, so if there
are N inputs, and if one considers the Mth output, then,
in the frequency domain, one can write (the dependence
on w has been left out for simplicity)

Vi = XiGyy + XGoy + .o + XpGyy  (38)

where Gyy, is the transfer function between input N and
output M. An equation similar to (38) can be constructed
relating any output to all the inputs, and the most con-
venient way of expressing this is to use matrices
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Giy Grz--w G
Gy Gy Gou
Yy, Yoo Yol = DXy X Xyl | -
Gny Gz -+ Gym|
39)
Equation (38) can be written more simply as
Y = X6 @0)

where the bold type indicates a matrix. If equation (40)
is premultiplied by a column vector of the complex
conjugates, X;*, X", etc. one obtains

XY = X*XG @1

Using the definition of the power spectral density,
equation (41) can be written as

Sy = S« G a2)
NxM NxN NxM

where N x M means a matrix of N rows and M columns.
Equation (42) can be solved to find the values of the G
matrix by inverting the S, matrix, so that

G = Sy S, @3)
Atoey

Equation (43) has to be implemented for all the frequen-
cies at which the values of the spectra have been calcu-
lated. Various computational algorithms are available to
do the matrix manipulations of equation (43), and there
are also techniques to calculate partial spectra which are
the spectra relating one input to one output (the effects
of the other inputs are subtracted — see bibliography).

5. FUTURE DEVELOPMENTS

51 Nonlinear Systems
It is usually assumed that a system is linear so that the
pnnclple of superposition applies; that is if “a” produces
“c” “b” produces “d”, then “a+b” produces
ot dn Many physical systems possess some form of
nonlinearity so that the principle.of superposition does
not strictly apply, and various approaches for the
analysis of data from nonlinear systems and their identi-
fication are currently being considered. Most approaches
involve relating the input and output by some form of
power series. To obtain coefficients in the power series,
higher order correlations are calculated, such as:
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Ry (TA) = (M | xtyle+nyie+Ndt  (@4)

Equation (44) can be Fourier transformed to give a bi-
spectrum, Sylwy,wa), which is a complex parameter
since it is a function of two variables and also there are
restrictions on w; and wz. The bi-spectrum has been used
(see bibliography) but no acceptable approach for general
use on nonlinear systems is yet available.

5.2 Nonstationary Systems
A basic premise in signal analysis is that the system
being analysed is slatlonary, iLe. its statistical properties

such as the nansren( at the start of a musical note. The
simplest approach is to divide the signal into short time
slices and consider that within each time slice the signal
is quasi-stationary. The time slices may overlap. Since
one is dealing with short time slices, there is a frequency
resolution problem and a MESA approach could be used
to obtain a better estimate of the power spectral density
for a particular time slice. In seismic studies, where the
excitation is a short duration transient, the item of interest
is the maximum value for the power spectral density
over any frequency range and this is termed the peak
spectrum. Many of the commercial spectrum analysers
now available have a peak spectrum option.

When the spectrum change: cified pattern
with time, one can talk of an evolutionary spectrum
and search for functions that can be used to better
define such a changing process, but this is a difficult
task.

~

5.3 Walsh Transforms

The Fourier transform works because the trigonometric
functions are orthogonal. This means that if you multiply
sin (wyt) by sin (wyt) and integrate with respect to time, the
results are non-zero only if w; = wp. Thus

(M Jsinwt.sinwgt.dt = 0w #wp

=1 wy=w, @5

where the limits of integration are from ~T to +T and
T tends to infinity.

The sine and cosine functions used in the Fourier trans-
form are not the only available functions that have this
orthogonal property, and also computationally they are
unattractive because they have a wide range of values. A
better function in a computational sense would be one
which only has two values ( + 1) so that the multiplications
that are required in the Fourier transform are replaced by
simple aditions and subtractions. One such funcion is
the Walsh and the first eight
in Figure 5. The Walsh transform gives a specuum in
the “sequency” domain which has some similarities to the
conventional power spectral density but also exhibits
extra spectral peaks or misses spectral peaks depending
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on the nature of the signal when compared with the usual
frequency spectrum. Walsh functions are finding uses in
processing radio signals that use such techniques as PCM
(pulse code modulation) and in on-line image processing.

A variation on the Walsh transform, called either the
Walsh-Hadamard or BIFORE transform, can be thought of
as replacing the cosine function by a square wave so that
atwo-valued function results.
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The SPLC's Treffic-Noise
Control Programme

An Information Sheet published by
the N.S.W. State Pollution Con"ol Commission

INTRODUCTION

Excessive traffic noise is a widespread and increas-
ing problem in most modern communities, especially
for people whose homes are near busy roads an
people who work or attend school in areas close to
major traffic routes. As with many other forms of
pollution, it is_difficult to assess precisely the extent of
the traffic noise problem in New South Wales or to
quantit its various slements. It s clear, however, that
the effects of traffic noise can range from health and
psychological effects, arising from sleep disturbance
and the stress imposed by continual interference with
speech and listening, interruption of concentration and
general noise annoyance, 1o effects on the value of
properties on or near busy roads.

For example, a recent study of the problem in Sydney,
undertaken for the State Pollution Control Commission,
ound that:

« 85 per cent of main-road residents responding to a
questionnaire found trafic noise in their homes dis-
agreeable to some degre

One-third of main-road resldems claimed their slecp-
ing patterns were affected by this n

8 per cent had sought medical hevn for sleeping
problems caused by the noise.

Over the period 1988 to 1980, avorage house prices

16 per cent lower than average house prices in
parallel streets. The difference was greatest during
poriods when demand for houses was high Statstcal

The State Pollution Control Gommission (SPCC) has
embarked on a multi-pronged programme to reduce

noise emissions that cannot be prevented.
The main elements of this programme are  outlined
elow.

TRAFFIC NOISE AT THE SOURCE

The SPCC's activities here include the development
of new control measures designed to reduce engine
and exhaust noise levels from new vehicles, the intro-
duction of improved controls and_education pro-
grammes on muffler design and mufler replacement to
reduce noise from in-service vehicles, the development
of new controls on the use of trail bikes and multi-
toned horns, surveillance and enforcement activities to
improve compliance with the requirements of the Noise
Control Act, and research and investigations covering
areas such as truck body noise, exhaust brake noise
and the dovelopment of now legal standards

on these activities are provided in a soparate

information sheet (MV2) aveliable from the SPOE

PLANNING AND TRAFFIC MANAGEMENT

Proper planning, road-design and traffic-management
schemes can play a major role in reducing the impact
of ‘motor traffic noise. In conjunction with other State
Government authorities, the SPCC is conducting a
series of case-study investigations involving noise-level
measurements and traffic counts at selected home sites
in the metropolitan area.

Each of these case studies is examining recent
developments affecting traffic noise levels, contem-

rary approaches by various authorities to reducing
the problem, past planning deficiencies and design and
construction deficiencies. The site
50 as to best reflect traffic noise problems recently
created as a result of poor planning, poor siting and/
or a general lack of understanding or concern about
traffic noise.

The aim of those and other related investigations is

analysis showed that traffic noise
these differences, although the extent of the eco-
nomic impact of traffic no!se varied from suburb to
suburb and from time to time

The motor-vehicle noise problems experienced in
the community may be divided into several types:

« Noise due to bulk traffic flow: This noise is related
the number of vehicles using the road and particu-
larly to the proportion of heavy vehicles. As the study
discussed above indicates, bulk traffic noise can
cause severe stress and discomfort for affected
residents and shopkeepers. In some cases commer-
cial activities may be adversely affected as custo-
mers may prefer to go shopping in a quieter
environment.

Noise due to individual vehicles: This noise can
cause annoyance, disturb rest or even frighten
people in city and urban areas. In country areas,
where general background noise levels are usually
quite low, especially at night, the noise of individual
vehicles, particularly heavy transports, can be dis-
turbing even over long distances.

Noises that “shouldn’t be there", such as the con-
stant rewving of an engine by a neighbour for tune-
up purposes or noise due to the illegal parking of
heavy trucks in residential areas

« Noises that are annoying mainly because of their
repetitive, prolonged or tonal characteristics, such
as noise from construction machinery or noise from
the continued use of trail or moto-cross bikes.
Grossly disruptive noises, such as noise from the
screeching of tyres o the indiscriminate use of car
horns, particularly the musical and multi-toned types.
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criteria, guidelines and
siratogies 10 asiat planners and state’ and local gov-
armant authorties 10 avold, or at loast roduce, trafic
noise problems in the future.

NOISE REDUCTION AT THE HOME

In established residential areas traffic-management
schemes may be able to effect some noise reductions,
as may the installation of roadside traffic-noise barriers,
but often the only means of reducing the impact of
traffic noise are noise-reduction measures at the home
itself. Studies of traffic noise problems have shown that
noise from roadways can be excluded from homes, or
at least greatly reduced, by shielding windows and

doors from direct, line-o noise _exposure.
Thoughtful rearrangement of living and sleeping areas
within the also_significantly reduce the
impact of traffic noise on residents.

An information sheet with general guidelines on
these noise-reduction techniques for existing houses

2) may be oblained from the SPCC, More detailed,
technical guidsiines aro also being prepars

time to consider noise reducuun in the

home is,of coreaat he. il stage of house design
and contruction. The SPCC hes inflated a programme
to foster awareness among itects,  developer
councile and housenolders of the faot that traffienoiss
control measures can be incorporated in new houses
at a relatively low cost, without sacrificing market
appeal or architectural merit, at the design stage. The
techniques available include baffling, insulation, the
adoption of spedial construction methods, careful siting
of the building on its block, the arrangement of living
spaces within the house, and the design and placement
of perimeter walls and terraces.
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The first step in this programme is the $5,000
“Quiet House” design competition, sponsored by the
SPCC and Norbrik Bricks, in which competitors have
been invited to design a project-type house, on
defined site, with the bjective of cost.effectively mini-
mising intrusive noise.

The SPCC s also funding research and investiga-
ions intd tha efiectvanass of dieromt type of building

materials and facades in reducing traffic-noise levels
inside buildings. The results of this research wor
should provide practical assistance for architects,
builders, councils and householders in reducing traffic
noise impacts in the homes of the futur

For further information on any aspect of the SPCC's
tra control programme, please. contact th
SPCG, 157 Liverpool Strach, Syaney.

Marine Acoustics at the
53rd ANZAAS Congress

John Penrose
W.A. Institute of Technology

The 53rd ANZAAS CONGRESS was held in Perth in
the period May 16-20, 1983, The Section (1), (Physics)
programme had as its major theme “The Pl

Earth” and within that theme a major symposnum e
mote Sensing in Oceans and Atmosphere” was held.
In_this symposium parallel and concurrent sessions
involving satellite remote sensing and marine acoustical
remote sensing, convened by Dr. John Penrose of the
W.A. Institute of Technology, were presented.

The keynote speaker in marine acoustics was Dr.
Earle Hays of the Woods Hole Oceanographic Insti-
tion, Massachusets, USA. Dr. Hays, who is currently

y ncy, plovided a mastorly
exposl(mn of marine acoustical sensing on the grand
Scale, in a desaription of acoustic tomography tech-
niques carried out over 300 km path lengths in the
ocean. The success so far seen In this work owes
much to the development of high quality underwater
technology and points to the possible emergence of a
new generation of oceanographic techniques.

hapman from the University of Western Australia
presented a description of and results from an acoustic
imaging system which allows turbulent microstructure
to be revealed in selected water masses. A. Quill from
RANRL. described the volume reverberation data

S

acauistion system now in use in field work around
rali papers evidence interest in biological
tﬂrgels, sithar 25 competitors for turbulent scattering,
or @s the major source of fleld reverberalion
J. Penrose reported on the worl e by a tea
from the Westorn Australian Instituts of Technology 10
investigate the relationship between sea bottom rough-

acoustic recordings made on the No
Western Australia by the CSIRO vessel FRV * 2
wrence from RAN.R.L. presented a paper on
ADOBE, the Acoustic Deep Ocean Bottom Experiment.
This experiment will be undertaken jointly with New
Zealand scientists and will employ innovative acousti-
cal instrumenation packages in a programme to evalu-
ate deep ocean sediment acoustic propertit
One marine acoustics paper dealt with high accuracy
underwater positioning
beacons. Presented by M.
Surveys (Aust) Ply. Ltd.,
cated acoustic techniques used in positioning a giant
underwater plough used in association with pipeline
burial for the Rankin Fiold platform on the Norin West

Westor Australian scientists had the oppor.
tunity 20 Visit H.MA.S. GOOK, which came to Perth for
the ANZAAS Congvess Amongst features of interest
an the vessel was the Stabilsed Narrow Beam Eo
The avaiiability of ths
system, and of output galned during the voyage from
South Australia, added a valuable component to the
ganne acoustics activities of the 53rd ANZAAS

on,

at Monash University

Its possible to become comfortable about being
schizophrenic-according to Dr. ROBIN ALFREDSON of
the Department of Mechanical Engineering, at MONASH
UNIVERSITY. It came as a new experience to him to
begin to perceive the possibility that noise and vibra-
tion might be used to advantage. Dr. Alfredson is in
charge of a 6-man team who are now past the halfway
mark in a large contract to do with Machine Condition
Vonitoring. It is sponsored by the AUSTRALIAN MIN-
RALS INDUSTRY RESEARGH ASSOCIATION. Hall of
the toam s concentrating on wear debris analysis of
the lubricating olls whils the other half is sxamining
noise and vibration aspects. This furt
additional ‘source of schizophrenia according 10 br.
Alfradson as both approaches are considered noces:
sary to provide accurate diagnosis and prognosis.
Some twenty difierent vibration parameers have now
been assessed for usefulnes: itoring the con-
dition o rolling element boarings. This has beon carried
out 'on an HPEINX computer which automatically
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samples and processes the data. It has turned out that
none of the parameters is adequate to detect at an
early stage all types of bearing failure. Many bearings
have been tested and the work will continue to allow
further experience, and to examine the effects of oils,
and oi additives on bearing e,

Dr. Alredson rapors that two other test rigs are now
operational. The. hese was designed for moni-
toring journal beanng condition while the other will
enable research on the detection of gear failure to
proceed. Of particular interest is the business of de-
tecting damage where there is significant cross talk in
the various vibration signatures.

A feature of the AMIRA- programmes according to
Dr. Alfredson is that the opportunity exists to evaluate
laboratory techniques on site. This aspect of the work
will be emphasised in the latter half of the programme
and finally will be the most significant component of the
project. His parting remarks were “Don’t rely on one
technique alone! Condition monitoring is difficult, There
is an enormous amount of information in the vibration
signals but it's not easy to perceive it. And wear par-
ticle analysis can provide a different perspective to
machine condition monitoring.”
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Dimensions for a Melodious
Room, or “Musical Box"

Professor C.J. Milner
Department of Applied Physics
University of New South Wales

It is well known that persons, especially male persons,
like to sing in their baths. The usual physicists’ comment
on this is, that a bathroom, having little soft furnishing,
is highly reverberant and gives a weak voice more
volume,

A room of concert-hall size has dimensions so large
compared with sound-wavelengths in the voice range
that, in this range, adjacent resonant frequencies overlap
— that is, the fractional difference in frequency is much
less than the reciprocal of the “quality factor”, 1/Q,
which states the fractional width of an individual
resonant response curve. Such a large room will there-
fore, if the various resonances all have essentially the
same amplitude, not selectively respond to any particular
frequencies, i.e. will be “reverberant” but not “resonant”.
However, a small room of the size of a typical home
bathroom, has numerous but discrete resonances
within the frequency range of the normal voice; and in
such a room the voice will tend to be pulled into
synchronism with one or other of these. This paper
argues that a good room for singing in should be so
designed that all its resonant frequencies, as nearly as
possible, coincide with notes of a musical scale.

This note reports a computer study to determine
optimum dimensions for such a room. The room is
treated as being essentially a rectangular box with sides
A, B and C metres. The resonant frequencies of such a
box are members of 3 infinite series, viz.,

F = N*(343/2*"W)) Hz,

where W = A, B or C, and N is any integer from 1
upwards, 343 m/s being the velocity of sound in air at a
normal room temperature.

It is assumed that the male voice, for instance, does
not aim to sing any note above the octave of middle-C:
on the standard chromatic scale with A(Ad4) = 440 Hz,
this note, C5, = 623.2 Hz.

A computer program (in “BASIC") has been made

(1) to find all distinct values of W for which all
resonances up to 530 Hz are within 1% of one of the
semitones of this chromatic scale (except for the 7th
harmonics, which are allowed to be 2% out). This is
done by testing W-values successively from 1.5 to 4.0 m,
in steps of 0.01 m. Of several successive W-values which
match to one set of semitones, that one is chosen for
which the variance of all the resonances from the
respective nearest semitone is least; and a table is
compiled showing, for each such W-value, the individual
deviations throughout the top 2 octaves, from C-below
middle-C (C3) to C-above (C5). (However, the match is

Bulletin Aust. Acoust. Soc.

checked, and the variance computed, down to 41.25 Hz,
i.e., the fundamental resonance for the maximum value

3
chosen from the set of W-values (1), to find those com-
binations, of which one or more resonances match all of
the first 12 notes of a major scale from C5 (or B4) down-
wards. This computation is repeated for each of the 12
possible keynotes; matching goes down to E4, or F4, or
F4#. This lower limit has been chosen to set a severe,
but not impossible criterion: it is perhaps also about as
low as many baritone voices go. A computer-printed
listing of the program will be gladly supplied upon
written request.

TABLE |
Dimensions of rooms which have resonances that
match all notes (with the exceptions indicated)
of a major scale, through one octave on either
side of middle-C

Case Keynote Avpec Missing  Extras
No.  of scale (metros) (bolow above
midC)  mid)
1Cc# 331x294x185 CCF D
2 D 312x278x1.75 C#D D#
3 Dt 331x294x262 D EF#
4 331x294x1.75 CD  F#B
5 294x262x1.65 DD# E
6 E 331x312x278 C# CGA (& C5)
7 3.12x2.78x247 D# FG
8 312x278x1.65 C#DF G (& C5)
9 F 312x294x262 D C#G#B
10 294x262x234 E #,GF
1 294x262x157 DE G
12 Ft 294x278x247 D# DA (& C5)
13 G 278x262x234 E (B3 &) D#.A#

Combinations selected as above are found only for
the following keynotes: C#; D; D#; E; F; F#; and G. The
specific sets of dimensions found are listed in Table I,
together with listings of (a) those notes, of the 15 that
comprise the two octaves from C5 or from B4 down-
wards, that are “missing” from the “spectrum” of
resonances of the given chamber, with those dimensions,
and (b) the “extra” resonances of that chamber, lying
within that range, which coincide with semitones other
than members of that major scale. In each of the 13
cases shown in Table |, the ratios of dimensions, A/IC
and BIC, have one or other of four pairs of values;
i.e. the study reveals four different room-shapes which
match well to major scales. Table Il gives these shapes,
and the ranges of keynote which they respectively cover.

TABLE Il
Shape No. Alc BiC Caso Nos.  Keynote
(Table I) Range.
| 179 159 126  C#toD#
[ 1.26 112 3710 DftoF
m 1.89 1.68 4811  D#toF
v 119 112 69,1213 E t0G

(continued on page 78)
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Victorian Environment
Protection Authority’s
Instrumentation Section

lan Taylor
Senior Noise Control Officer
Environment Protection Authority of Victoria

BACKGROUND

he Environment Protection Authority was estab-
lshod i 1670 Brdl i 175 he Notas. Gontrol Branch
commenced a programme to establish controls on
environmental noise. In October 1976 the Environment

Reguiation in July, 1578, In May 1981 State Environment
Protection Policy No. N-1 came into cperation and at
the same time amendments to the Act also were
effectod which enabledenvironmental  noise_{fom
industrial, trade and commercial premises to be
effectively controlled. In respanse o these Regulations
and Policy, the Authority now tests about 3,000 motor
yehicles end records and analysss about 200 one hour
tape recordings of industries per year.

Bohind these programmes.théro is a need to cali-
brate all equipment regularly, and to make repairs
when required. In addition practical research by the
Authority can only be carried out with the development
and introduction of "circuitry and
systems not available off-t lhe -shelf.
service role is carried out by the Authority’s Instrumen-
tation Section, consisting of one Electronics Engineer
and two Electronics Technicians.

FIELD EQUIPMENT

The Authority is cunemly usmg Bruel & Kjaer
S.LM.'s types 2209 and 2206 (the latter modified to
asure down to ZDdE(A) which has been found
necessary for the occasional indoor measurement and
because the Policy requires a residual instrumentation
noise_greater than 10dB below the measured noise)
and Rion NA-60 S.LM.'s. Tape recorders consist of
Nagra, Stellavox. ani Suny Cassette recorders_have
been considered for field recordings but the Policy
requirement of 50 dB crosstalk between channels at
1KHz has not been met by any we have looked o (The

insirumentation and a. maximam fme of 15 manihe
between calibrations.)

PLAYBACK AND ANALYSIS EQUIPMENT

For analysis of recordings, we have 3 sels of squip:
ment_comprising Otari MX 5050 recorders, B&K 260
and 2607 amplifters, B&K 4425 statatical analyesrs and
B&K 2307 chart recorders. In addition, a B&K 2131 real
{ime analysor under control of a HP 9625 caloulator can
be used by any set for spectral analysis. Again, these
instruments must be calibrated every 12 m

"Tha photo shows some of the calibration aqurpmem
being tsed to calibrats a sound vl motar. Although
the Policy, and Australian Standards, call for an
accuracy of measurement of batter than 028, it wias
decided very early that we would use a working
accuracy for our calibration equipment of 0%, boing
the best that could be achieved using moderately
priced calibration equipment, and not requiring special
air Sonditioning plant. Considering that 019 is about
00 o think this accuracy i suffciont!

i “accuracy is-achioved with. tandard cells, a
Kelvin-Varley divider, thermal transfer unit, all used to
calibrate a Fluke meter calibrator, which is then used

for the calibration of all other insfruments.

Vol. 11 No. 2 — 76

One interesting aspect of our calibration procedures
for tape recorders involves adjustment of equalisation
and bias to provide as flat a response as possible up
to 8kHz, trading-off the uppar frequency response,
since most _environmental noise occurs well below
4kHz. One requirement for recording is a duration of
one hour, which means using taps speeds of 19 and
9.5cm/s, and most tape recorders require a one or
two dB_boost around 6kHz to give a response to
20 kHz. This is considered unsatisfactory in our appli-
cation, so that bump is reduced to less than 1dB,
consistent with a respanse better than—3 dB at 14 kHz.

MONITORING EQUIPMENT

In addition to equipment used for tape recordings,
several instrument kits have been developed for long-
term monitoring at particular sites. These are general-
purpose kits, not _precision, comprising B&K 2225
S.LM. and Linear Chart Recorder, plus power supply
and enclosure. In use, they are left on location, pro-
viding more than 2 weeks monitoring on one set of
batteries (3, 12V-60 AL car batteries) which can be
changed over when the pen and paper needs to be
changed on the chart recorder. A timer module pro-
vides hourly timing marks, since even a 0.1% error in
paper speed would mean an error of 20 minutes after
o woeks. The low cost and power consumption of
this system has meant that a lot of data can be
gathered for general studies without straining the
budget and manpower resources of the Authority.

This equipment has beeminecessary to quantify back-

where the levels vary significantly hour-to-hour ar
day-to-day. It has been found particularly useful in
determining the possible environmental effect of new
development in some areas; has been used to monitor
long-term noise levels of a refinery; and has supplied
extremely useful data on the propagation of noise over
very large distances. The latter cannot accurately be

(continued on page 78)
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Sounds of Simon and
Garfunkel — Reprise

lan Lane
Senior Noise Control Officer
Environment Protection Authority of Victoria

In contrast to Simon and Garfunkel's encounter with
Sydney officialdom (reported in Vol. 11, No. 1) no legal
constraints were placed on noise emissions from their
concert at VFL Park, Waverley, on 12th February, 1983,
Melbourne officialdom responded with noise levei
measurements plus a follow-up telephone survey of
subjective reactions from the local community.

In the aftermath of the infamous “Kiss” concert tour
of December 1980 the Environment Protection Auth-
ority agreed to requests by the Mmlslry for Planning and
the City of Waverley to det
level parameters' for specification in the hiring con-
tract for the use of VFL Park as a concert venue. At the
time all parties agreed that, if possible, the attitudes
and reactions of local residents to rock concerts should
be considered. The Simon and Garfunkel concert
provided the first opportunity since then to system-
atically gauge local community reaction to an outdoor

Thus, a combined noise_level/subjective reaction
survey ensued with costs shared by the Authority (with
money provided by an Australian Environment Council
grant), the Victorian Football League and the
Waverley. The VFL engaged Watson Moss and Gi
cott Ply. Ltd. to assist the counci and tho EPA officors
with noise level measurements on the night and other-
wise “keep them honest”. The telephone survey was
conducted by Spectrum Research Pty. Ltd. in the
following week.

NOISE LEVEL SURVEY DESIGN AND PROCEDURE
Altogether 11 personnel were involved in noise level
measurements in and around VFL Park. Six of these
were each assigned a residential area consisting of 3
or 4 sites to be continually monitored in sequence.
These areas lie generally to the north, north-west, west
and east of and within 2 km of X
e measurement sites were selected on the basis
of Council experience with previous concerts and the
anticipated weather conditions and output of Simon and
Garfunkel's sound system. Alternative sites were pro-
vided for use in the event that some of the pre-desig-
nated sites would be unsuitable on the night. A stand-
by officer checked the range of audibility around and
beyond the general measurement area, In addition, a
continuous monitoring unit was set up for operation at
a fixed site (and subsequently re-located early in the
proceedings).
Inside the 'stadium, noise lovels were continuously
monitored at a fixed reference position (in the
bers' Stand virtually on-line to the central mudspnaker
bank which faced north-west) and continually moni-
tored around the stadium.
ach of these continuous monitoring units comprised
a chart recorder plus a noise lovel analyser/printer set
n “Fast” response. Continual mom(armg was con—
ducted generally according to precision
. Average maximum meter aeﬂecnons sllnbu-
table to the music and the range (max.-min.) o
music were noted over approximately 10 minute nter.
vals. Where possible background measurements were
taken in a similar manner.

TELEPHONE SURVEY DESIGN AND PROCEDURE

pectrum Research was supplied with some 600
randomly selectod names and addresses (culled from
the Council ratepayer’s roll) of people residing in or
near the general measurement areas so that 500 tele-
phone interviews could be completed.
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Questions asked once it was ascertained that a
respondent was at home on the night of the concert
were essentially:—

1. Did you hear any noise from the concert?
YES -2

NO 4
DON'T KNOW § ~

2. Were you at all bothered or annoyed by the
noise?
VES%S

DON'T KNOW %

Rate on a scale of 0 to 10 your annoyance.
Anything (else) about the concert that annoyed
you?

o

©.g. (a) concert-goers’ behaviour.

(b) traffic congestion

or other (specify)?
plus_demographic questions to ensure an un-
biased representative sample.

DATE MANIPULATION

For the purpose of analysing the noise level data in
conjunction witn the telephiono survey data, e, o
obtain some form of dose-response refationship, pros
pective respondents were grouped into 76 reglnns
(streets or sections of streets) over which concert noise
levels were deemed to be fairly constant (at a given
time). For each region an aggregate figure representing
the estimated “dose” of maximum outside noise levels
for the duration of the concer, Lyuny, Was determined.

recorder traces of noise levels inside the stadium. The
5 corresponding L, values received at each measure-
ment site were individually estimated after comparing
the original noise level readings taken at the site with
those levels recorded inside the stadium for identical

the stadium and a given site was calculated. The 5
values for lhal site were then averaged to obtain the
ose”

x values for the regions as a whole were
obtained- fom the, regression ine of the Ly vs (100
distance) plot for the measurement sites. Background
snund levels showed little variation between nelghA
bouring measurement sites and values for intervening

fogions could b readily interpolated by inspaction.

SUMMARY OF RESULTS
Consecutive 15 min, Ly, values for noise (in

crowd noise) measurod ak'ihe referonce. position in the

stadium ranged from 93 to 101 )

performance between 8 and 10

noise levels around the stadium were estimated to be

10 to 15dB(A) down at the side cxiremitiss ith

respsct to the reference position figures an

1085 () Gown at the upparmost level (Level F) with

respact 1o the reference level (Level B)

Itis understood that no special provisions were made
to contain the noise emissions from VFL Park. Wind
conditions for the period wee south to south-casterly
and 4-¢ .

e resultant L, values ranged between 43 and
63.0B (A). Highest fovels were obtained in the area to
the north of VFL Park. In areas immediately o the east
and west officers reported the music to be immeasur-
able or inaudible for most of the concert.

he excess of Ly values over respective back-
ground levels ranged from zero (or less) to 15 dB (A).
The excess was greater than 10 dB (A) for 30% of the
respondents.
eople were interviewed — 165 males, 276
females and 1 “unknown”. 197 (45%) of the respon-
dents stated that they heard noise from the concert.
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Of these only 23 or 12% said they were bothered or
annoyed by the noise. None®gave ratings less than 5
(moderate annoyance). The distribution of annoyance
scores was 5(9), 6(1), 7(3), 8(2) and 10 (8). Most
people reporting annoyance resided directly north of
VFL Park. However 2 were people lving in the area to
the east.

21 peoplo expressed annoyance at the behaviour of
concertgoers outside their homes and 86 were an-
noyed by problems with extra cars in the neighbour-

hood. 30 people cited other causes of annoyance in-
cluding helicopter noises associated with the concert,
glare from lights at VFL Park, etc.

SOME COMMENTS

A relatively low incidence of reported annoyance had
been anticipated for the Simon and Garfunkel concert
based on prior knowledge of their style of music which
contrasts ‘markedly with that of Kiss. Noise levels
measured ms\de the stadium by Council officers during
their 1980 concert in December 1980 were of the order
of IOdB (AJ h\gher than those measured for Simon and

Wm only 23 data points provided for consideration
of annoyance ratings any attempt to establish a close-

response relationship was clearly unwarranted and in
this respect the result is disappointing

Even though the procedure for determining Ly
could give only approximate values it is believed that
useful information ‘about annoyance caused by large
scale music_concerts have been gained had
there been statistically sl?nmcant data available. It is
recognised that a definitive acceptability _criterion

ased on social survey techniques would require inves-
tigation of a number of concerts over a wide range of
conditions such as noise levels, type of performance,
the frequency of occurrence, duration, etc

There i no evidence from the findings of this survey
to suggest widespread opposition among residents to
all rock concerts held at VFL Park irrespective of their
noise emissions and frequency of occurrence.

ootnote

Lest readers imagine that the good citizens of
Waverley were consumed with apathy over this issue
1 feel obliged to report that 23 complaints were made

o the City of Waverley concerning impertinent ques-
tions from telephone interviewers about porsonal
income. community noise researchers can claim
rosponsibllity for annoying as many people as the noise
they were investigating.

(Vic. EP.A. from page 76)

predicted even with extensive knowledge of the
meteorological profile of the site.

At present, a precision monitoring system is being
developed  along  similar lines, but using a_printer
instead of the chart recorder (since this is the least
accurate instrument) and the option of a cassette
recorder for a very long-term monitoring. The system
will be under the control of a HP 41 CV calculator and
its associated HP-IL interface loop and will provide
possibly four weeks monitoring on one set of batteries,
and reduce further the manpower required for data
reduction.

EQUIPMENT TRENDS

Up until recently, noise measurement instrumentation
changed very littie, but now there is almost an explo-
sion of new, different instruments appearing. Generally,
it is becoming relatively cheaper whilst providing
similar, or better, facilities, It is becoming smaller,
lighter, and more power efficient. Digital electronics
are replacing analogue, and providing greater resolu-

puters available which can form the basis of computer
controlled field measurement systems which can be
i he i of

asily
different users.

It is possible to use a portable digital recorder for
field recordings, providing an almost perfect response
for a fraction of the price of a Nagra, and this could
remove much of the errors introduced by the use of
recordings.

Microphones, too, seem to be getting better. In the
past, we have often had condensation problems with
condenser microphones used at night in winer. (In
Melbourne, temperatures close to 0°C at night in winter
aro common) The latest eleatret miciophones do. not
seem to suffer from this problem to the same degree.
it is still too early to say whether the life expectancy

of these microphones will be- longer than the non-
polarised which

(Melodious Room from page 75)

Table II shows immediately one advantage of shape
IV over the other three, viz., that in different sizes it
covers a keynots fange of 4, and not only 3, semin-
tones, This is equally to say that in one size it covers
e range of pitches for the 2-octave range
o oo manchedt (ors thxon arbinarlly 1o 50 up 1o &
above middle-C). Review of Table | shows moreover
that shape IV is equal with Shape Il in missing cnly
nne nole of the 2-octave interval; and superior to i
ling d not only 2 “extra” semitones which
mlght match “accidentals” in a melody.
The dimensions of case 9, viz, 3.12m (long, say) x
2.94 m (high, say) x 2.62 m wide, for example, are close
o those of many suburban-home bathrooms. Architects
might with some advantage adopt thess dimensions, as
they stand or perhaps scaled up or down to sccom-
ato, say, a standard coling helght. and offer the
cnem home-builder a bathroom fit for a king to sing in?
wever, especially if the bathtub is not sunken flush
with the ooy e resonances of & rosl bathroom, com-
plete with excrescences, may not match exactly
enough the sets here discussed. Some direct experi-
mentation seems called for.

HIGH-LEVEL IMPULSIVE NOISE SOURCE

eigh C. Kenn:
National Acoustic Laboratories, Sydney.

J. Acoust. Soc. Am. 71 (2), 483, Feb. 1982.

To_assist in the development of hearing protection and
communication systems for use by crews of artillery weapons,
a_source of high-level impulsive noise has been produced
which has operating characteristics allowing its use within
the laboratory. Generating peak sound pressure levels in

source
principls of operation is the sudden release of comp
i to the atmosphere from a pressure chamber. The physical

Averages about 5 years.
Vol 11 No. 2 — 78

acoustical the source are
described.
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Technical fotes

Solitary waves

ANU researchers believe they may have discovered
the cause of some aircraft accidents at take off and
landing, They attribute these accidanis to_previously
unrecognised phenomena called solitary waves which
buffet and divert sircraft from their planned fight path.
They believe the risk to aircraft i world-wi

he. resarchers, M. Doug Christia and. Dr. Ken
Muithead, led by_ professor Kurt Lambeck, of the
Research School of Earth Sciences, ANU, have been
studying atmospheric solitary waves for six yoars,

Solitary waves were first noted in 1834 on the
surface of a canal in Scotland. For the next 130 years
hey were regardod as a curiosity of no real Importance
to the physical and mathematical sciences.

The first definitive observations of solitary waves in
the atmosphere were made in 1976 by the ANU Earth
Sciences staff. These observations were recorded on a
sensitive microbaragraph array located near Tennant
Creek in the Northern Territory. An extensive investi-
gation followed and it was realised that solitary waves
are a common feature of the atmosphere.

Spectacular visible examples of Solitary waves can
be seen near Burketown in the south-east corner of
the Gulf of Carpentaria. This solitary wave, known as
the Morning Glory. is an impressive oll-cloud forma-
ion.

lots in northern Queensland will not attempt a

1 take-off when the Morning Glory is in the
vicinity,” Professor Lambeck said, “What the pilots
may not recognise is that this same phenomenon also
occurs without the dramatic roll-cloud.

“Of 17 large solitary waves recorded in a two-week
period in September 1980, only one was visible. Invis-
ible waves, equally intense, come from directions other
than the direction favoured by the Morning Glory.”

waves travel over long distances and are not
restricted to the Gulf region. In the six-year observa-
tional period, over one thousand significant solitary
waves disturbances have been recorded. Some dis-
turbances have been tracked over hundreds of

kilometres.
ol
P
ol .
B T =3
Diagram s how the flight path of a plane is

aliociod by a samary wave. The aircraft is first forced
upwards and then thrust downwards.

(Australian Physicist, May 1983)

The voice from space

The $400,000 UK. amateur satellite launched into
space 16 months ago is now regularly “talking” to the
orld. lts voice synthesiser, which allows it to report
directly 1o schools and colleges in a normal rather than
coded language, is switched on every weekend and at
least 2,000 groups are receiving its bulletins worldwide.
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The 48-kilogramme craft is said to be the first in
space able to report back to earth in English so that
amateur radio enthusiasts and students can pick up its
messages and pictures with simple equipment that
costs only $500-$700.

Surrey University at Guildford, near London, which
built the satellite, says in a progress report that the
craft—known as UOSAT or University of Surrey Satel-
lite — is being regularly monitored from 2,000 points
around the world. These are users that have been in
touch with the satellite’s control centre at Guildford
where officials believe UOSAT’s audience is much
larger than this. Biggest interest is reported from
Australia, followed by the Middie and Far East and the

Since the craft was launched on a Delta rocket fired
from the Western Test Range in California in October
1981, the small university team has been working to
stabilise the craft so that its broadcasts and camera are
always beamed towards earth.

The project involved a unique method of stabilising
the craft in order to cut costs. This has presented
technical problems and at one stago the satslite went

for five months and would not receive com-
s, This wa overeoms by subjecting it to high
power signals from the ground which were able to get
through and break the silence.
Gently nud

UOSAT is now being gently nudged into an attitude
s0 that instead of spinning and rotating like_a wobbling
gyroscope it will rotate head over base. Then a 17-
metre_boom will be extended to act like a pendulum
with its base always pointing towards earth. Success of
this operation will ensure that the camera and vital
microwave beacons will aways be pointing towards the
grous

n'its polar orbit, UOSAT is expected to have an
operational life spanning over at least the next three
years. Under the control of the satellite’s main com-
puter, the voice synthesiser gives its reports once
every 96 minutes in an English voice that has a mild
American accent. For instance, it gives readings of 59
gauges and 45 switches in the spacecraft which are the
equivalent of an aircraft’s instrument panel. It also tells
the amount of solar particle radiation being expari-
enced, the amount of current being supplied to the
craft’s solar cells or the temperature in the batteries or
primary computer.

(John Webb in Australian Physicist, June 1983)

Flow measured acoustically

An acoustic_flowmeter has been developed at the
U.S. National Bureau of Standards for measuring the
flow of an arbitrary fluid in a pipe. Sound waves are
induced in the fluid at two frequencies whose wave-
lengths are much longer than the pipe diameter. The
mplitudes are detected by two micro-
phones located in the wall of the pipe, one downstream
from the other. The instrument then calculates in real
time the volume flow rate of, and the speed of sound
in, the fluid, mdependenl of fluid composition or tam-
perature. If the fluid is a gas, the instrument calculates
the temperature, given the molecular weight and
specific heat ratio.

If there is an independent measurement of the
pressure in the pipe, the flowmeter also measures gas
density and mass flow rate. The device is non-intrusive
and bidirectional, can operate in a noisy environment
and can respond to rapid changes in flow and tem-
perature. Due to the long wavelength, measurements
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Loudspeaker

Meter tube

Diameter L Sound
N @ [} Microphones—{]

— To
remainder - - remainder
of pipe of pipe
system Sound amplitude System

are independent of flow, temperature or density profile.
A patent has been applied for and a non-exclusive
licence is availal

The instrument consists of a length of pipe or tube
through which the fluid flows, with a loudspeaker or
other sound source connected to the pipe so that it
can introduce sound into its interior. Some  distance
from the loudspeaker, two small broad-band
phones or pressure sensors are mounted in the pipe
wall with their diaphragms flush with the inner surface
of the wall. One microphone is downstream of the
other at a distance equal to at least six pipe diameters.
The sound generated by the loudspeaker consists of
two sine waves, one twice the frequency of the other,
such that the distance between the microphonss is
half a wavelength at the lower frequency. The Instru
ment measures sound amplitudes and uses ratios of
the amplitudes to determine the sound frequencies that
maintain this relationship over a broad temperature
range. This gives the speed of sound and, for a gas,
the temperature. The instrument then measures the
time delay or phase difference between the sine waves
detected by  the two_ microphones 1o obtain the flow

The prototype device consists of a brass meter tube
om in diameter and about 1 metre long. Two wide-
band quartz pressure transducers are used as micro-
phones, located about 30 cm apart near one end of the
tub2, and a loudspeaker is mounted near the other
end. These are connected by a cable to a control box
containing a microcomputer, several other printed
circuit boards, an audio amplifier and power supplies.
In the experimental prototype a computer terminal is
also connected to the control box. The device is easily
scaled to tubes of larger or smailer diameter as long
as the wavelength is at least six diameters. Compre-
hensive performance data are not yet available.
(James Potzick and Baldwin Robertson in
Physics Bulletin, September 1982)

Leaks and cracks

The first leak noise correlatar, a device using cross
correlation techniques to determine the difference in
the time taken for the noise from a leak o travel to two
separate microphones and thus the exact location of
the leak, was announced in July 1980. The Mk Il version
has done away with the need for manual determination
of the time delay from chart recorder output: now the
instrument _ismicroprocessor-controlled and all the
calculations are done electronically. Besides runnin:
an advisory service, the. manufacturer (Paimor EAE)
provides irdining laciitics, ha doss the Natonal Water
Council Training Division for those in the water industry
wishing to use the device.

(Physics Bulletin, January 1983)
Vol. 11 No. 2 — 80

Novel approach to sound reproduction

A four-dimensional sound image (i.e. including time)
from a two-channel signal is claimed by the inventor of
a novel sound recording/transmission system, and in-
Good o reviewsr 1or Prafessional Video (1983'9 (5) 10)
found it very realistic. Hugo Zuccarelli, who works in
North London, based his design on the theory that
human hearing works in a similar way to_holography
and that what we hear Is the difference between an
incoming sound and a reference signal, not the pres-
ence or absence of soun

An amazing feature of the Holophonic Sound System

is that it is still possible to follow movement in both
vertical and lateral planes using the signal from just
one channel, though the width of the image is reduced.

his is because its operation does not rely on phase
differences between the two channels: indeed switch-
ing one channel 180° out of phase with the other does
not affect the sound image. Moreover, high sound
levels are reproduced without massive excursions by
the loudspeaker cones. Zucarelli's explanation for this
is in terms of human hearing being an active, rather
than a passive, system and the signal being a biological
stimulus to the brain, rather than a physical stimulus
to the ear.

(Physics Bulletin, May 1983)

Auditory warnings in aircraft
Pilots have complained that auditory alarms, such
as take-off warnings and fire bells, are too loud. in
fact, an auditory alarm may be so loud that it is itself
alarming; it may even distract the crew from everything
clse, except getting the noise shut off. There is a
conservative engineering argument for very loud warn-
ings, of course: when serious and potentially catastro-
phic events are occurring, the warning signal should
certainly engage the attention of the flight crew. But
the auditory warning area seemed to need systematic
work on the setting of signal-power levels, on the com-
position of the alarm signals themselves. and on the
learning and memory of these signals, AT THE MRC
APPLIED Psvcnomev UNIT (ARG, Cambrdge UK.
ROBERT MILROY and ROY PATTERSON have been
carrying out a search programme on these issues
Under Sponsorship.of the UK. Givil Aviation. Authority:
Among the first tasks of the research was to estab-
lish a suitable power level for an auditory warning
signal. When a test subject is presented with two noisy
sounds, one of which has a signal embedded in it, his
judgment of which sound contains the signal depends
on many variables, with a most important one being
how high the signal dB level is, above the background
or threshold level. From such data, a “psychometric
function” curve shows how the fraction of correct de-
tections goes up as signal strength is increased relative
to the threshold level. The shapa of this curve is gener-
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ally ogival. It turns out that, for ordinary noise and
signal spectra of the aircraft domain, a signal i easy to
detect when it is 5 dB above |hreshn|d And when it s

15 dB above threshold, it is “hard that

int, moro signal powdr brings nogligiole improvement
in_ detectabillty. This result argues that an audiory
Warning should be at loast 1 OB above the threshold
caused by ambient noise.

Patterson and Milroy further propose that making the
signal-strength diferential much more

id be ineffective, annoying, and needlessly diarspe
e 1o mormal sommmimeation on ih flight deck. For
such reasons, they suggest that warnings should be
limited to about 25 dB. above threshold, and so 2 good
practical rule would be ¢ al in the 15-
25 dB range

The noxt Iogical step was to determine typical fight
noise conditions under various flight regimes, and this
was done on the BAC 111, McDonnell-Douglas DC 10,
and Boeing 707 and 727 aircraft. Five phases of fiight
were used: takeoff, steady climb, level flight, descent,
and approach. The 727 and BAC 111 were the worst
cases, so further analysis concentrated on these air-
craft. The worst noise over the 1.0-5.0 kHz range in
these aircraft occurs in the level flight regime at cruise
speeds, where background levels on the order of 50-
85 dB wero observed (in these tail-engined aircrafl
most of the noise comes from turbulence in the bou
dary air flowing over the nose).

Patterson and his associates have formulated a
model of the human auditory filter. Application of the
model produced a “design band”, some 10 dB wide,
and from 1525 B over. threshold, which showed
acceptable power levels of warning signals at various
frequencics, for each aitcraft. A plot of these "desir.

able” t levels, with the power levels of present
alarm 'Stgnals. superimposed, was. most informative.
Such a display showed, for example, that present take-
off and undercarriage warnings on the Boeing 727 were
about 20 dB too loud.

‘There are some other design factors that have to be
considered in designing auditory warnings. With many
middle-aged men on the flight crews, there may be
significant high-frequency hearing losses in some crew
members, and so alarm signals above 5 kHz are to be
avoided. And there is no doubt that spectral specifica-
tions and consideration of harmonics and “warbles”
can improve discriminability. Work from the U.S. N
Electronics Laboratory Centie in the 1660 proved, for
instance, that the harmonic pattern of a sound influ-
enced the correct identification rate; also, experiments
showed that confusion of signals was less likely if the
signals differed on several dimensions (wave shape,
number of formats, etc.), than if the signals differed on
just one dimension.

(Extract from J. Acoust. Soc. Am., June 1982)

New seismic technique

A small research team in the University of Sydney,
Department of Geology and Geophysics, claims to have
taken the world lead in the development of a new
technique which will enable the coal mining industry
to_plan new mines more efficiently and more safely.
~The new “in-seam seismic” technique will save mil-
lions of dollars in mining costs by giving an accurate
picture of the layout of “fracture zones” — areas of
broken-up_coal rubble which pose dangers of roof
collapse and are uneconomic to mine.

The culmination of three years’ work by the team has
been to create a world record for the distance over
which sound waves from test “shots” of explosives
have been recorded through a coal seam — 2.5 km
compared with only 1 km in any previous experiment.

Bulletin Aust. Acoust. Scc.

The significance of such a long dls«anua v: that coal
mine developers will not only be able to “see” ahead
of existing working faces in their coal mmes, but will
be able fo plan mining procedures for entirely new
coal fields well in advance: if a fracture zone (or
“fault”) is detected, the direction of mining can be
planned to cut across it quickly instead of having to
'ollow it for hundreds of metres, as is now often the

e practical implementation of the project, which
involved solving many new technical and logistical
problems, was argely the work of lechnical staff rom

he Department of Geology and Geophy

Describing the most recent project at me Invincitlo
Colliery, north of Lithgow in N.S.W., Mr. Phil Mannit
the Senior Technical Officer in charge, said the logis-
ticalproblems had been “horrendous

% han 80 holes had 1o be drilled about two
metien g he-conl face to take the xplosives”, e
said. “Just getting into a coal mine and finding your
way around is difficult, and it was only the willing
co-operation from ming personnel at all levels that
nablod us to have the ishot holes' surveyed and
dnlled and the shots fired”, he sai
“At one stage, when we were pumng shot holes into
a part of the mine abandoned because of roof failure,
we had to wade through water up to shoulder level, and
one of the Mine Deputies actually found it easier to
swim.”

Mr. Manning said that because of safety factors and
extraneous noise, firing of the explosive charges could
only be carried out on weekends, and even then only
by & Mine Doputy with a specal ficence to fire explo-
sions undergros

I orter to-vacord the sound wave traveling along
the coal seam, four holes, varying in depth from 100
to 220 metres, were drilled in an adjacent valley, at
distances of up to 2.5 km away, east of the It

ollery. These accommodated geophones which were
designed and built in the Departmel

Vie Manning addod: “We had 1o devise an intricate

telemetry system to ‘tri
the_geophones to record signals from them, which
typically last for only about four hundredths of a
second.
This involved having a manned detector down the
mine to pick up a signal from an explosion and send it
via telephone wires to a manned transmitter at the pit
head.

The radio transmitter then sent an encoded signal
via a repeater station at the top of an intervening
mountain range, onto a receiver, where the signal was
decoded to activate the recorder. The encoding an
decoding was necessary to avoid the possibility of
radi ‘statc’ aceidentally tripping the recordor

information from the four buried geophones, fanned
out at hali-kilometre intervals and picking up vibrations
from the 84 separate explosions alon
coal mine, will enable researchers to build up a ve
accurate picture of faults in the proposed East Invin-
cible extension.

An important future appllcslmn of the in-seam seis-
mic_techniques will “longwall” mining_which
employs huge longwall mining machines costing more
than $8 million each to scoop out upwards of $20,000
worth of coal per day. Areas of non-coal cause great
damage to these machines, and fractured zones can
delay them for many weeks.

The longwall mathod will incressingly replace the
traditional “board and pillar” m and a longwall
machine is already in operation at the Angus Place
Colliery, also near Lithgow. It is expected that in-seam
seismic_evaluation will be carried out at the Angus
Place Colliery in the near future.

(Extract from The University
of Sydney News, 19 Oct. 1962)
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iew Producis

NEW BRUEL & KJAER PRECISION INTEGRATING
SOUND LEVEL METERS

Two new Type 1 Impulse Precision Integrating Sound Level
Meters Types 2230 and 2233, and two Filter Sets Types 1624
and 1625 have been introduced by Bruel & Kjaer. Their com-
prehensive and high precision make them ideal for
Bl Vinds.of sound: fevel measiyemonts, inducing octave, and
Y3 octave fraquency anaiysis, togother wit' the clip-on
filter sets. The meters compl WECe51 Type 1 (impuise);
ANs! St4.1971 Type 1, T Asalion Staniord 13551093
Tope 1 (mpuise).
e 2230 carries out five independent measurements i
parhel, hich enables the user o swlich between the vznolls
paramsters wi g the measuremen

ot Max. and Min. SPL; Ly and SEL. The Type 2233 is
Similar 0 the 2230 but moasios the foilowing parameters
according to reguisions appiicabls i the Fedaral Rapubli
of Germany: LT (1, 3 or 55), all appropriate L (accord-
ing to TAL Lavm "and VDI2089), SEL and finaly, the elapssd
measuring tim

For both instruments a choice betwsen two detector modes
(RMS and Peak, three time weightings (Slow. Fast, Impuise).

Ehiainod:for the icroonono by clecone raquency weight
ing. Measurements are displayed on a large liquid_crystal
display together with various warnings. The SPL

rs are easily held in one hand a

weigh less than 1 kg.
Vol. 11 No. 2 — 82

Semi- or fully-automatic analyss recording ls achieved with
a Portable Level Recorder Type 2306 or 2!

GRAPHICS RECORDER TYPE 2313
uel & Kiaer announce the release of Graphics Recorder
Type 2313. It offers fast, fully annotated, graphic plots of

well e documents measurement data transmitied by other
rnished with an IEC/IEEE interface.

mum operating Nexiolly, 8 1ange of Interchange-

able Application Packages is available. These plug-in the

front of the 2313 and especially format data to suit different

application requirements of

can be stored in the Recorder for future print out or trans.

her equipment. Also, ne measurement
310 raformat stored and incoming
data, plus use as a system controller is possible.
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here use as ic pri phi
ncerned, the 2313 may be operated without an
Appllcahon Package. High-resolution graphic plots are made
using a 512-point print head and as many as 128 (ISO 646
a haracters may be printed. It accepts 50 m rolls
Vo paper (metalized type) and from just one
alent of 160 A4 charts can be obtained.

LINE-DRIVE AMPLIFIER TYPE 2644

fow, ulta small, unity-gain, vbration transducar pro-
ampifier has boen niroduced by Brusl & Kiaer. The Type
e ospacially desigeed.lor Tiegral Soress mouning o

Signal Analyzers Types 2032 and 2034, Besides permiting
free choice of short or very long connection cables without
Scualht locoss, i provies 18 comeniancethal ony ane

nal trans-
and tempera-
' 2578 et b0 toesmind, which mave
Sevore emvironmonts whoro uso of oihar
preamplifiers is restricted.

Sectional

view
Amplifier Type
directly on top of an Acceler-
ometer. 200% actual size

of Line-Drive
2644 mounted
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Standards

ACTIVITIES OF AK COMMITTEES
SINCE OCTOBER 1982

Committee AK/1—Terms Units and Symbols
The curtent project of this commities is the revision of

AS 1633 — Glossary of Acoustic Terms. This draft will be
issued for comment in July
Commities AR/ -—insirementation and Techniques for
Measureme

This comittes has the most prolects: the projects desling
with Audiology h: separated from AK/2 and a new
Comittee, AK/H " tuted: The Tellowing draits have beon

sent for comi
DR 83001 ~Anousncs—ne\ermlnunan of Sound Power Levels
Noise Sources — Part 4: Engineering methods

for special verperation st 15bme (pAt rovision

DR 82157 — Acuu&\\ckne!ermlnzllm\ of Sound Power Levels
loise Sources — : Engineering methods
o ooeia condmons over reflecting plane
(part revision of AS 1217)
5 Determination of Sound Power Levels
rt 6: Precision methods
for anecholc and sami-anecholc ooms (par revi
sion of
DR 83081 — Acousucs—nue.mmauon of Sound Power Levels
Noise Sources — Part 7: Survey method (part
Fovision of AS 1
The following drafts were fevud for postal batlot
Requirements for tape recorders for the record-
ing.and roplaying of acoustcal Signals in acous-
tical measurement s
GiRb o e T Sound measuring equipment —
Equipment for integration of sound

Other Activities
The following  projects are curtently an the AK/2 work
programmy
— Guide for the Use of Sound Measuring Equip-
ment — Part 3: Equipment for frequency and
time analysis of sound signals. (A second com-
mittee draft has been issued under doc.

AK/2/8013 and adtional work is requied prior
to Issue for publc comment)
—Pr Cunhmllcn of Microphones by Recipro-

ied by Rotatng Electical Machinery (Revislon of

A
pared under Doc. AK/2/B1-4 and- some. com-
ments have been received. These comments will
be incorporated prior to submiting for comment

0 Committee AK/2.
Gommittes AK/3Hearing Gonservat
i commitoe. nas compiaied e presont work programine
it the publcation of the following standards:
AS 1269-1983 — o nown as the SAA

983 ring
commmon AK/4—Arch||ecluraI Aco
This committee has published the lonowmg standare
As |4E§~|983—Acouslucs — Meihad R Botormination
ioise Rat
The following draft was oo postal ballot:
ustics - Measurement  Procedures  for
Bicied Stencers
Other Activities
—Methods for Assessing and Predicting Speech

4
g

the Facades of
(This document is at the second committee draft
stage, and is expected to be processed for

o Arborno

has preparad a draft which was ssued for limited
review in June
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— Ambient Sound Levels for Areas of Occupancy
withn Buildings (Revision of AS 2107)

(A, meetin held to review the summary of
publlc comment and the raf is now o e p
Barod for postal bailot)

— Blilding Shing and Gonstruction against Aircraft

Noise Intrusion  (Revision of AS.2021) (A second

repared and will be ssued to the

Subcommitice for roview

Committee AK/5—Community Noise

The lunowlng draft will be Issued for a second limited
public review

c ustics — Desaription and Megsurement of
ironmental Noise (Revision of AS 1
The muuwmg oot s e s ed for postal Saior
— Acoustics — Mef the Messuroment. of
Road Traffic Noise.
Other Activities

— Noise from Mechanical Equipment In Buldings,
(The project approval has been re
Scope of s project shoud b deciied " upon

aftor discussions ‘wilh the Chairman of Com-
mittee AK/5.)

Committee AK/11—Otological and Audiological
Measurement

10 ihe. umique technical requirements of this fod,
Subcommittee AK/2/1 usly_part of Commitiss AK/2,
was set uj 711, ad 2 main commitiee.
The following standard was pu
AS 2586-1983 — Audiometers. 1Revlslnn of AS 243, Part 1,
and AS 1591, Part 6).

Other Activities
The iollowing projects are on the work programme. of
Commitiee
© Mhidomoters for Advanced Audiological Use.
(This proj

of AS 1591, Part 5
as been canled oul on this project
and 'he same comment as the previous project

— Electro-acoustical Characteristics of Hearing Aids
ids with Automatic Gain Control

Gircuits.
A frst proliminary draft has boen issued, and i
tio C documens in his
3, prior 15 mowng 1o he ness i
— Mioinoda of Measiament of Blectry asoustcal
Characteristics of Hearing Aids — Hearing aids
nol entirely worn on the jistener.
{Same comments as advisad for previous itom)
- ectro-acoustcal
Characleritics O Hoaring Ads — Magnans o
mo-vrequancy aduction ooge. o

hearing aid purp
(Same comments as above)

M MAFFUCCI
cutive Officer
COMMITTEE AK/- ACOUSTICS STANDARDS

Vol. 11 No. 2 — 84

CHINESE ACOUSTICAL STANDARDS
A repon in the Chinese Journal of Acoustics, Vol. 1,
o.

el Technical Gommitios of Acgustcal Standar-
te Bureau for

Stan-

ical Committee 43 of the International Standardization
Organization (ISO/TC43), and the translation and the publi-
gatlon of the technical materils from the IO International
Standard and other stan
Chnical Committeo consists of 32 oxperts in such
lochnical research,  desian and. productio
acoustcal device, who are invted fom research lnsmu«es
universties and factories. Tho director of the
U and the deputy directors are Yu Bo, Wa
A secrotariat under fhe committes s In charge

of the routine work. It is located in the Institute of Acoustics,
Academia Sinica.

In light of the need of the present.day worl the Technical

Commitiee has set up four Sub-committees. They are: (SC1)
foundation of acoustics, 1502; nom, (scs) building scoustics
onics and s in

Charde of the acoustoal wminology. and o def
scription and asic
acoustics. The SC2 is in charge of the noise standard and
measurement methods of machines, electric motors, vehicles,
ships, airplanes, etc.;
surement methods, such e
airport and the urban areas. The SC3 is in charge of the
design standard of noise in civilian and in industrial buildings
in other environments, the control of noise and acous-
fical standard and measursment methads of sound insulation
and acoustics and the acoustical standard ang measurement
methods of the architectural structure and materials. The SC4
s in charge of the acoustical stanc measurement
methods of the equipment and devices of ultrasonic an
underwater Sub-committees_not_only. include
those who are members of the Technical Commitise, but siso

28 experts invited from various units concerned. Of the
members, 25 are professors, associate professors or senio
engineers. The director and the deputy directors of the Tech-
ical Committee are concurrently the directors u

Academia
Sinica (SC1 & SC4); the Institute of Standardization of the
First Machinery Ministry (SC2); and the Institute of Physics
of the Academy of Architectural Science (SC3

Since it was sot up in r 1980, the Technical
Committee has olgamzed certain departments and u

items are placed in 1981’ plan. Most of the:
basic standards oraonty 0oged now. NinG_fems have peon
ear; they are: “Quantities and units of acous-
A Cousteal vl and roforence quantities™, “Preferred
froauoncies for the acoustical measurement”
physical and suhlecllve magnitudes of sound
“Octave -octave band filters used for the analysis
of sound and vibral
n area”, “Meast

Besides the work mentioned. ths. Techvical Committeo has
also translated and published the ISO International Standards
and pertinent materials. In order to push forward the work on
scoustical standardization and bring it o ful play in the
development of production many a

by tho Tochnical Commitae n accordance with various nesds
in our country.

The Yenhnlcal Committee meeting will be held annually to
sum up the previous year's work, examine and approve the
Slandard, artonge.the next year's work
the near future.
induslrial production, economic construction and the people's

it Is receiving more and more attention day by day and
will play a more important role in the future.
(Reported by Xu Welyi)
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BOOK REVIEWS

Fundamentals of Acoustics, 3rd E
BY L E KINSLER, A. . FREY, A. B. COPPINS,

J. V. SANDE!

John Wiley & Sons, 1982, 482655 (solt covers)
(Supplied by Jacaranda Wiley Ltd., Aust.)

“Fundamentals of Acoustics” by Kinsler and Frey has
long been an accepted text book on acoustics for both
undergraduate and post-graduate courses, and this 3rd
Edition is indeed welcome as it is now over 20 years
(2nd edition 1961) since the last major rewrite. In spite
of this lengthy intervai it is surprising how much of the
original text has remained intact, which is an md-ca-
tion of its quality and presentation. The new book is o
virtually the same size as the 2nd Edition although here
has been some significant rearrangement and updating
ofits contents: the layout and type face appear more
modern and there has been some change of emphasis
in its treatment of subject matter, especially in the use
of impedance concepts. As the book is a revision of an
earlier well-established text it is probably most useful
to_compare its contents with that of the original.

The first four chapters cover essentially the same
ground as the second edition — Vibrations, Vibrating
String, Bars and Plates — but their revised treatment
and greater emphasis of specific acoustic impedance
allows a more instructive handling of wave motion in a
string with all its side issues.

In"contrast to the ion, Chapter 5 develops
the wave equation in three-dimensional formalism, with
full use of vector elements. This leads naturally to an
introduction of velocity potent to an examina-
o of Spherical waves which 1s dealt with much later
in the 2nd edition. Also included in this chapter is an
introduction to rays.

ransmission phenomena are dealt with in Chapter 6
in a revised manner, developing simple relationships
for reflection and transmission coefficients in terms of
specific impedances. There is an unfortunate choice

<r> as the symbol for impedance. The case of
oblique angle incidence is similarly revised and more
easily presented.
apter 7 on absorption of sound, and 10 on res-
onators and filters remain little changed but the two
intervening chapters, “Radiation and Reception of
Acoustic Waves" and “Pipes Cavities and Waveguides”,
contain much needed revision and additions to the
material in the 2nd edition. Much greater attention has
een paid to radiation of energy from a source and to
waveguide and other effects in duct propagation.

Then follows three chapters of more descriptive
material on environmental and architecture acoust
The authors wisely contract to less than 100 pages
this ‘subject matter which has been exposed in
infinitely greatar detail . numerous other BOKS, Con-
ference and research papers, standards and com-
mercial lferstur.

r 14 on Transduction is a complete revision
of tho threo 2nd edition chapters on Loudspeakers,

factor of aimost 3 to 1. There is & judicious selection
the old material and more use of circuit analysis
theory to explain operations and characteristics.

The final chapter on Underwater Acoustics is an
improvement on the previous selection and is an accep-
table introduction to this field of expertise. There is a
brief but satisfactory treatment of rays and propagation
in stratified layers, a useful revision of passive and
active sonav concepls and finally an introduction to
mode thec e authors

references to the authoritative texts in the field.

In summary, a text book without peer at this inter-
mediate level of treatment and a book every acous-
tician should have on the shelf.

JOHN DUNLOP

Community Noise Rating, 2nd Ed
BY T.J. SCHULTZ
Applied Science Publishers, 1982, £36.00

In the Preface to this second edition, Schultz com-
ments that soon after the publication of the first edition
in 1972 there was a great increase of activity regarding
environmental problems which lead to a large number

new noise rating and evaluation schemes being
developed. This edition is designed to bring the story
up to .
The first three chapters have similar headings to
those of the first edition, but they are enlarged in
content. For example some very elementary acoustics
is now included, presumably written with lay readers in
mind. (The use of the logarithmic decibel scale is
justified only in terms of the avoidance of handling large
numbers, the added advantage of logarithmic scales
relating to human sensory pen:epnons is not men-
tioned)) The problem of determ oth the noise
levels to which a neighbourhood is. % posed and the
response of people to the noise is discussed and it is
pointed out that whereas some ratings have been
derived from carefully conducted research pro-
grammes, others have arisen as a result of years of
experience in consulting practice and these are difficult
to document or 1o justify.

In Chapter 2 some 22 rating scales and 14 rating pro-
cedures are described and commented upon (as com-
pared with 10 scales and 5 procedures in the first
edition). The derivation of the “A™-weighting scale is
discussed in some detail but surprisingly no reference
is given to the work of Robinson and Whittle, published
in 1964, which found that equal loudness contours for
bands of noise are more nearly parallel than those for
pure tones over a wide range of sound levels. (This to
my mind is a satisfactory explanation for the success
of the A-weighted decibel for measuring sounds of any
level) As in the previous edition, Schultz provides a
salutory_exposure of the derivations of the various
scales and procedures that have been proposed for
community noise rating. However, he tends to leave it
1o the gentle reader to decide on the rigour with which
they have been developed and tested — the layman,
who seems to have been considered earlier, is now left
without guidance. For example, well researched
schemes such as the Articulation Index, Statistical
Gentile Levels, Noise Exposure Forecast and Equivalent
Energy Level are intersparsed with indices which
appear only to have been proposed in doctoral disser-
tations or in a single referenced paper. (Something
called the Annoyance Index (Australia) is included,
based on a 1964 NAL. report, but not used in this
country, as far as | am aware.)

A comparison of the ratings against each other and
against subjective responses follows: Three useful
Tables summarise the essential factors in major rating
scales, in rating procedures and
sponse. Botsford's work is referred to, in
found that A-weighted sound levels correlate with
human responses as well as any of the noise ratings.
Botsford also had soms harsh words for researchers,

n

cknowledge the Inlroduclory nature of the material by
Bulletin Aust. Acoust

and 0 play what he calls
“The Weighting Gamer.
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Three new chapters deal with social surveys on
noise annoyance, “‘special matters” and some current
standards_on community noise. A useful summary
Table of 28 social surveys on noise annoyance is
provided. Since low correlations were found between
noise exposure and individual response, considerable
effort was_put into improving questionnaire_design.
However, Schultz puts forward his own view that it is
more fruitiul to be concerned with the percentage of
people who are highly annoyed, since the effects of
non-acoustical variables are then reduced. He also
comments on the possibility that environmental noise
levels have been incorrectly measured, since “for any
ane observation period the dynamic range overed by
the fluctuating levels never exceeds
Gynamic rangs typical of 8 sound. el meter at any
given attenuator setting! The relevance of noise levels
measured at a fixed outdoor location is also questioned.
“Special matters” are those for which, in the main,
there is not yet a consensus. They include the rating of
low noise_environments; the U.S. EPA method of for-
mulating Environmental Impact Statements, using the
Fractional Impact Method; repetitive and impulsive
noise; the validity of using yearly average levels to
describe_ community noisc; corrections for purs tones
and for time of valuating low frequency noise and
vibration. It is suggested that three models of noise
annoyance may be necessary—a detectibility model for
fow level sounds, an equal energy model for general
environmental noise and a high threshold model for
infrequent high energy sources such as blast noise and
sonic booms. The chapter on some current standards
for community noise is very cursory and mainly relates
to the United States, although the Greater London
Council guidelines are also mentioned.
ogins by repeating the con-
the comment is made
ihnat fitle has Ghanged over the decads 1o challengs
the A-weighted sound level in community noise rating,
except for low frequency impulsive noises. The energy
average A-weig| level, with or without a
Night-time. penalty. is tho. most' generally ‘accepted
basic measure of environmental noise world-wide,
although the question of supplementary measures or
corrections still needs to be explored. One contender
for this, favoured by Schultz, is some measure of the
noise peaks associated with individual, identifiable
sources of noise. He includes some suggestions for
future research including the human time constants
for aversive reactions to changes in noise level and a
soarch for an improved modal of noise annoyanco
applicable over a wide range of community noise
exbostres. A total of G55 reforances 1s provided (com-
pared to 143 in the first edition). The Index is primarily
cancerned with the rating scales and procedures.
marise: Required reading and a very useful
reference for all concened in community noise.
ANITA LAWRENCE

PRINCIPLES AND APPLICATIONS OF ROOM
ACOUSTICS
By L. Cremer and H. A Muller
Translated by T. J. Sch
Applied Sclem:s Pub/lshers, UK, 1982
Vol. 1,651 py
Vol. 2, 433 pp., 53400
Volume 1
s book s a translation of the 1978 German
edition and consists of three
Bari . Goometrical reom acoustics
Partli. Statistical room acoustics
Part i Psychological room acoustios
Volume 1 is intended t f primary interest to
everyone involved in building consiruction, architects
as well as civil engineers; it will also be valuable for

Vol. 11 No. 2 — 86

recording engineers and all others who are interested
in room acoustics, whether as performers o listeners”.
espite its size, Vol. 1 is a very readable book. The

sty!e of Part |, devoted to geometrical room acoustics,
is that of a discussion using very little mathematics but
instead some oxcallent diagrams. Practical examples
of the ideas abound including refe e acous-
fics of numorous famous, bulldings including the Whis-
pering gallery of St. Paul's Cathedral, a wedge-shaped
cave near Syracuss in Sicily, the Capitol building in
Washington, the Royal Albert Hall, et

The authors discuss many pracﬂcal matters including
the design of pulpit canopies, sound amplification, the
design of orchestral shells, sound reflectors in halls,
the shapes of cellings and wals, and a useful chapter
on Model

The dlscusslon of statistical room acoustics in Part Il
starts with a detailed assessment of Sabine’s trail-
blazing experiments on the measurement of reverbera-
tion. Amongst subsequent chapters are those
coupled rooms, the measurement of reverberation time,
the measurement of sound absorption and a discussion
of various acoustic criteria relating to rooms.
treatment uses more mathematics in this part but still
is basically descriptive with detailed discussions of
many _applications. and _experimental methods. An
example of some of the difficulties experiencad by the
early workers in this field may be read in an extract
from Sabine’s writings quoted by the authors:
“The next experiment was on the determination of the
absorption of sound by wood sheathing. It is not an
easy matter to find conditions suitable for this experi-
ment. Quite a little searching in the neighbourhood of
Boston failed to discover an entirely suitable room. The
best one available adjoined a night lunch room. The
night lunch was bought out for a couple of nights, and
the experiment was tried. The work of both nights was
much disturbed. The trafic past the building did not
stop until nearly two o'clock, and began again about
four. terest of those passing by on foot through-
i, ight and tho mecoesiy of tepsatad explan
tions to the police, greatly interfered with the work.’
Satine, W. C., “The Variaion in Reverberation wilh Variaiion
in Pitch"; in: Collected Papers on Acoustics, N
Un!vevsn(y Press, Cambridge, ‘927 (from Proceedings of the
American Academy of Arts and Sciences, XUIl, June (1906)

An important chapter in Part 11 s a long one dealing
with the physical laws that govern sound absorption.
This topic is one for which Professor Cremer has
become well-known and again the discussion is con-
ducted with a minimum of mathematics. Included are
the causes of sound absorption at low, medium and
high frequencies and the effects produced by resona-
tors, furniture and people.

Part lll (Psychological room acoustics) deals with the
question: “What do we mean when we say that a room
Ras go0d acoustics?" Tho. oponing chapter contains
some perceplive comments on the way in which
ions are formed in relation to a new concert hall.
The authors point out, that for a listener in & concert
hall, the ear is the final judge. “If the judge is a well-
known musician or music critic, his assessment of the

acoustics will usually be accepted as valid even though
-it_may not be based upon observations that others

could reproduce. No acaustical consultant would dara
to challenge the auditory evaluation of a music critic or
to suggest that his views be put o an objective test!”

In similar vein there is a fascinating account of the
evolution of opinions. “For_instance, at the first
rehearsals in a new hail the artists tend to react either

play. Just after the opening of a new hall, which usually
entails a spectacular artistic event (or at least a social
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celsbration). there s usually a ‘happy ending’ mood:
this may i 00d time for the acoustics
Chnstant 1o Gather favourable acoustical opinions of
the halll During the next wever, one must
expect increasingly critical opinions as the number of
people grows who hear the hall for the first time. And
as with all subjective_judgments, the discontented
o attention than the contented ones.
Whoever is critical of the hall is at least interesting:
whoever praises the hall risks the accusation of insu-
ficient_listening experionce ot or acoustical
judgment.” The bulk of this chapter is devoted to the
Cloments of peychoscaustics and ncludes testmonte
of loudness, pitch and localisation problems.

Then follows a long chapter devoted to the judgment
of acoustical qualities of rooms including treatment of
the diference fimen for reverberation time, articulation
tests, subjective imula-

PUBLICATIONS by AUSTRALIANS

We are indebted to Richard Rosenberger of UNSW for
assistance in preparing the following lists of publications.
Within each year the references are arranged alphabetically
by first author.

1981
ic Emissions Associated with Fracture Processes in
Structural Steels
CLARK", D. J. H. CORDEROY, N. W. RINGSHALL, J. F.

T
“etorets Research Labs. Ascot Vale, Vic.

Metal Science 15, 481-491 (1981).

Acoustic Emission and Microstructure in Atuminium Atloys
7075 a

ion, a detailed discussion of dummy heads, and a long
sectlun on factor analysis.

e final chapter an attempt is made to relate
sumecnve Judgments to objective criteria despite the

the most vmpomlnl factors involved. Graphs are pre-
sented showing recommended values of reverberation
times for speech, concert halls, opera houses and
churches. Also discussed are the effects of echoes and
tl i of i

With respect to Volume 2, labelled Part IV of the
complete work, the authors state that: “Because of its
greater mathematical content, it is addressed more to
the acoustician — who may be either a physicist or an
engineer — though for him it can still be regarded as
anntroduction to theoretical acoustical problems, even
with respect to noise abatement.” Vol. 2 is in fact more
like a regular textbook than is Vol. 1 although many
practical applications are discussed and there is fre-
quent reference to the historical development of ideas.
As the translator remarl jer may be sur-
prised at the great amount of cross-referencing betwoen
the four parts of the (complete) work, until he
nises that ne is being presented with & relatively sman
number of important acoustical phenomena, seen fro
four difierent viewpoints, much as musical themes
appoar. and roappear transformed in the movements
of a symphony”.
The fifst three. chapters cover allthe necessary wave
concepts including field equations, impedance defini-
tions and reflection and transmission at walls. The
next three chapters are devoted to a thorough sludy of
the impedance tube; s propertes, measurements using
the tube and a study of absorption within the tul
Chaptors 8 10 10 present a comprehansive reatment
of practical absorbers including porous materials, res-
onators and stiff plates. Then follow three long chapters
that deal with the wave theory of rectanqular rorms.
There is an extensive freatment of undamped waves,
d eigen modes, forced vibrations of rooms and
statistical including high frequency level
fluctuations and diffusion. In view of the thorough
nature of the discussion it seems a pity that the proSlem
of the non-rectangular room did not receive more thar
passing mentiol
‘The final chapter gives an interesting account of the
causes of sound dvsslpahnn in rooms. The authors’ final
comment is: reason Knudsen has desig-
nated the problem of sound dissipation i air as ‘an
interesting example of the inseparability of pure and
applied science’. Therefore, it is an especially suitable
topic with which to conclude a book whose endeavour
has been bath to interest those readsrs immediately
concerned with room-acoustical problems
Goneral awis of physics, and o intereet phyeicists n the
special problems of room acoustics.”
HOWARD POLLARD

Bulletin Aust. Acoust. Soc.

- ool Acoust 18 9) 208,222 (1082),
al Mode ole

& W, COUSLAND, C. M. SCALA
Research Labs., Dept. of Defence, Melbourne.

Metal Scionce 18, 606-614 (1081).
1982
Codirectional TE:TM Mode Conversion Through Codirectional
and Contradirectional Acoustooptic Interactions
L.N.BINH
Dep.of Ele. Eng. Monash Unis. Clayton, Vi.

Aop. s Latiers A0, a50.652 (1

ach 15 the < of Ultra-
rs

sonic Imme:
D.S. BLOSER

Non-Destructive Testing, Aust. 19 (1/2), 9-13 (1982).
Assaascaent of Commanity Hoeo Exposare from Rie Shoot-

R BULLEN, A, HEDE
NAL Syane
zn) 237 (1982,
lichannel Compression and Expansion
Ampllication on Perceived Gualiy o Spes
D. BYRNE, G. WALKER
Sydr

a0, 18 (1082,
sssisted Vented-box Loudspeaker Systems

vwm'sn H.J. WIEBELL
Prapran Ve o1
ucis Eng. Soc. 30, 306:317 (1982),

e Influence of Flow on the Acoustic Characterisics of a
uct Bend for Higher rder Mod
. CABELLI
iv. of Ensray Technology, CSIRO, Melbourne, Vic.

d Vib., 82 (1),

ity a

131-149 (1982).
ndback. Senaitivity and Stabity of Audio Power Ampliters

)ep! o Ehoc Eng Monash Univ., Clayton, Vic.

. Audio Eng. Soc. 30, 282-294 (1382).
sted Differentiating Feedback Loops in Simple Audio Power
mplifiers

. M. CHERR!

Dept. of Elec. Eng., Monash Univ., Cleyton, Vic.
Audio Eng. Soc. 30, 295-305 (138:
cousticaly Evoked hcieiy o Singls Eflerent Neurons n the

OHNSTONE,

Dept.

S Recvet Se A’ 73 (1 26032 (1982)

impuise Duration: A New Instrument for its Measurement
R.C

Aivanced Measurement Technology Section, NAL, Sydney,
NS,

Norm

e Role of the Branch-line Integral in
n-Gordon Type Models

ANAL P.0. Box 705, Dartinghurst, N.S.W. 2010
 Acoust. Soc. Am. 72, 187
ection, Tranamission and Interpretation of Acoustic
Emission Slanals
W. HARRIS, B. R. A. WO
SIRO Division of Mmerar Pnysrcs Lucas Heights Research
Labs.. Sutherian
Netais Forum 5. $10.316 (1653).
Communily Reaction to Noise from a Suburban Rifle Range
HEDH
NaLs Sy
ouma i 52 0, so-40 re82)
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he Prediction of Sound Fields in Nondiffuse Spaces by a
‘Random Walk” Approach

. KRUZING, F. FRIGKE

Dept, of Architectural Science, Univ. of Sydney. Sydney,

Sotna. vib. 81 {0, sto-504 (1962,
The n-l-\lomnlp between Hearing Loss and Incapacity

udion, qy Srosoarch Section, NaL, Sydney, N.S.W.
ust. J. Audiology: 4 (1), 10-13 (1682).
Damped High-Cut Cavlty Vent for Profound Hearing Loss
IAGRAE

VAL Sy ey, N.5 .

ust. J. Audiology, 4 (1), 22-25 (1982).
High-Cut Sound Channel Cavity
AL Sy

v
ust. J. Audmlogy 4(1)‘ AR

Bloacoustics of the Ear of the Bushericket Hemisaga
gana
(1) R. O STEPHEN, (2) W. J. BAILEY
(1) Dopt. of Physiology, Univ, of W.A, Nodlands 6000, W.A.

) Dept, of Z Univ. of W.A., Nedlands 6009, W.A.
'ACOuSt Soo. A, 72 (1], 13:35 (1963).
he Perception and Appreciation of Richness and Timbre in
ooms for Music

VAU

.P.0. Box 1515, Adelaide, S.
stics, 15 (), 269+ aos o2
ed Response Set Nonsen:

S,
logy. & (1), 27-31 (1982).

1983

Techniques for Evi of Earmould Vents
J. MACRAE
NAL, S iney. NS W,

J: Audiology, 4 ()
Ultv-lonlc Char
L ERENBIE . G, P STAGEY, 1. T, GLADWIN
s Krunscnmrlt Mineral "Research  Contro, Univ. of
Queensland, St. Luc

Roc ing S (1982).

5-30
lastic Wave Propacation n Solids In Relaton 1 Acoustic

T PoLLan
chool of Phy:

D
/sics, Univ. of NS W., Kensington, N.S.W. 2033
letals Forum §, 158-166 (1982).
nl!yn is and Assessment of Musical Starting Transients
F. POLLARD and E. V. JANSSON*
, UN.S.W., Kensington, N.S.W. 2033
institute of TacimolDwJ/, Stockholm

Surface Noise Source Levels in Deep Water
ostof Australa

ofonco Rassmrch Canire, Ssllsbury, S.A.
. Asoust. Soc. 201-220 (1989)
Sest Dificuly o e Sonsitity of Spoech
I-crlmln ion Tests

. DILL
Nlmmal Acoustc Labs. Millors Polnt, Sydney

3, Acgust. Soc. Am. 73, 336-344 (19
The Physics of Organ Pipes.

W FLETCHER. 5. THWAITES

opt of Bhysics, Uni. of New England, Armidale, N.S.W. 2951
ci. Amer. 248, 94-103 (19
improved Methods for Dalumlnlnq Eigenfunctions in Multi-
ayered Normal-mode Problem

. GORDON, D. WHIT!

mw osoarch Lab. Fusheittors Bay, Sydnoy

Acusuca 51, 249

Using the Mossbaar Techniquo
P M SELLICK, R PATUZZ], 5. M. JOHNSTONE
Denl of Physiology, Univ. of WA,
1 Soc. A 72 (1), giem (1982).

et of Basiiar Membrane Motion in the Guinea Pig

ust. Soc. Am. 73, 153-162 (1983).

Nnnllnocnv Vibrations in

Plates and Gongs

N, HFLETCHER

Dept. of Physics,

s, Univ. of N
B 1oava o Northorn Nimeis Criver
351 (1983).

ngland. Armidale, N.5.W. 2361
sity

(coust. Soc. Am. 73, 345-

ACOUSTICAL SOCIETY OF CHINA

Received from the Acoustical Society of China
recently have been exchange copies of Acta

Acustica published bimonthly in Chinese with an -

English contents list and English captions on all
diagrams; and a copy of Applied Acoustic:
lished quarterl, sgain with an Englsh contonts
list. Our acoustical friends in China very thought-
fully included in the parcel an English-Chinese
Dictionary of Acoustical Terms. It is quite an
education to 1ok up the Chinese characters for
some well-known acoustical terms. Reproduced
here are two extracts from the dictionary.

STOP PRESS

We have just received Vol. 1, No. 1 of the new
Chinese Journal of Acoustics published in
English. The contents of this issue are given in
the International News section.
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noise reduction %R, BRATHEE

noise-reduction coefficient  Ff
CRIROMRR

noise-reductlon slit  FEEMGERN

noise reduction system i

noise-rejected tube MFIEIE

noise remover FHRITHIH

noise selection HjHk

noise sensitivity B 60

noise shield SRR, REMEAL

noise signal BRFNE

noise silencer FHERRN, iM%, B

FREN
noise source

nolse-stop BHEA, B, R

bl
noise stop device BHER LT
noise stopping PRIHIZ), IDFk
noise strength strandard B3R

noise stretching

nolse suicide circuit
B BT L

noise-suppressing system P
WRE

noise suppression BJi(3419

Ey ]
ORI

impact F¥iit

impact enslh:hy &ﬁ!&
impact f¢ s

impact loss w;mse

impact microphone i 57438
impact noise 41 M
impact-noise analyser B

S
Impact nolse signature & H4FIE

impact sound B
impact sound insulation 7Y

2
impact sound level 14t

impact menm: uﬁa&. Hil
£l 4

impact veloeity REMIHE

impact vibration damper
TR

Impair {3307, 65, W59

Lnpairment of hearing UFA1i
Ui, F#

tmpairment of hearing for
conversational speech JFEUF
kil

impedance Fi%

impedance analogy mt‘i&tt

impedance angle i

#ifr
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Curved RpgHe Sound coing n Enrance Foyer
The Architects, Loftus-Hills Harkin & Ziersch,
who designed the Art Department at Luther
College, Croydon, Victoria, looked for a ceiling
that would reduce noise levels, as well as
providing efficient thermal insulation and maxi-
mum reflection of natural light. The material to
be used should also have the fiexibiliy to follow
their structural design. They found the answer
in Renhursts RIPPLE SOUND CEILING
SYSTEM.

A RIPPLE SOUND Ceiling :
System provides - oo alows cues g 10055
@ Excellent sound absorption R

thermal i A

@ A decorative maintenance-free surface
@A dramatic increase in light

IPPLE SO

UN

RENHURST INDUSTRIES

The RIPPLE SOUND System comprises cor-
rugated, perforated aluminium with polyethy-
lene and bulk insulation above. Itis designed as
a lightweight ceiling lining, easily suspended
from new or existing roof structures.

Sound Absorption tests by recognised inde-
pendent authorities prove that RIPPLE SOUND

is amost effective system

B

D

Renhurst Industries
Faigh St.. Mulgrave. Vic. 3170

Please send me Test details (7 & literature 0
about RIPPLE SOUND

[T — .

and its low cost is also an attractive feature,
We'll send you comparative test results. Just
indicate on the coupon.

Company
Address S——
Post Code...

or phone

Meb. 5603055
Syd. 6022
Bris. 3763222
Adel. 2557666
Perth. 4515666

RHITO
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BRADFORD
INSULATION

Ring us at Bradford Insulation.

We have the range of rockwool and fibreglass products

to meet the demands of all acoustical consultants.

Sydney 6469111 Melbourne 5600755 Brisbane 277 3422
Perth 4514444 Adelaide 47 5244 Hobart 725677.

Bradford Insulation

asiz

Building Materials for Australia

e om




