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Gentle on the Hands,
/St/rong on the Pipe

rom Bradford’s new TEL plant
F comes the latest range of top

quality Sectional Pipe Insulation
products.

Designed to be easy and quick to
install, Bradford SPI is one of the most
‘user friendly’ products available.

SPlis supplied in convenient one
metre sections, making it simple to
determine costings. Each section of
SPI features a slit along its length
which, when opened, allows the
section to easily spring into position
over the pipe.

The new high-tech SPI also
features automated density, thickness
control and microwave curing. The top-
grade glasswool also provides thermal
and acoustic performance of the

highest standard.
Bradford Insulation Group For pipe insulation that’s friendly to
Shae otoes: sy mnl 2 etoomn "”n‘m-'nﬂ.'s‘;‘n‘u‘r‘s‘s handle and can be fully relied upon,

Canbera (08} 268 2588 o “s' Tiid Bhsbans {on 2173422 Bradford SPl is the only choice.
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NEWS

NSW
Technical Meetings

The acoustic design of the AOTEA
Centre in Auckland was discussed by
Peter Knowland on 11 July. This cen-
tre comprises a 2300 seat multipurpose
auditorium and the variable acoustics is
provided by added absorption and ex-
tension of reverberation by the use of
electronic multi-channel reverberation,
giving a total change from 1.2 to 2.1
seconds. The overall design pi
losophy of the auditorium was dis-
cussed, including how the natural
acoustics predominates for the majority
of the functions. To achieve the design
goal of NR 18, special precautions were
taken by providing an exteral cocoon
to the main audiorum and in-
corporating the use of air conditioning
from within the seating. This air dis-
tribution system, which employs a micro
climate in the audience area, has been
pioneered in Europe and provides quite
Tow noise levels.

On 7 August, Professor Peter Da-
vies from ISVR, Southampton, pre-
sented a talk on "Realistic models for
predicting sound propagation in_ flow
duct systems". He discussed the rel-
evant physical factors which must be
taken into consideration when adopting
the analogy with electrical networks to
model the acoustic characteristics of
mufflers and silencers

The AGM of the NSW Division was
held on 26 September at NAL. Three
committee members were re-elected at
the AGM (Tony Hewett, Don Woolford
and Ray Piesse); the remaining two po-
sitions on the committee will be filled by
co-opting people. The first speaker at
the technical meeting preceding the
AGM was Renzo Tonin who discussed
the use of personal computers in acous-
tics. He gave detailed presentations of
the licati of two

Technical Meetings was sent to all
members of the NSW Division. Al
though only 12% replied, it is con-
sidered that the responses indicate the
feelings of those who are likely to attend
meetings. The replies indicated that a
greater emphasis on noise, architectural
acoustics and acoustic measurement is
desired. A number of interesting offers
of papers were received and these will
form the basis of the technical pro-
gramme for the coming year. The pre-
sent lecture format for the meeting was
preferred, with several speakers where
the topic s suitable.

Norm Carter

CT
June Technical Meeting

On 25 June 1990, Stephe Jitts, from
Stephe Jitts Audiology, spoke on "Hear-
ing Aids - Present and Future”. Stephe
first explained the variety of hearing
losses which can occur and showed the
typical locations for the threshold levels,
the most comfortable listening levels
and the loudness discomfort levels. He
gave a short historical review of the de-
velopment of hearing aids and then dis-
cussed the limitations of the various
types of hearing aids currently available
in Australia. There is great hope that
future developments, making use of dig-
ital techniques and introducing non lin-
ear amplification, will enable a more
careful matching of the performance of
the hearing aid to the needs of the
user. The talk was followed by a lively
question time which continued during
the dinner at a nearby Malaysian res-
taurant

August Technical Meeting

On 14 August, 28 attended a joint
meeting with the Institution of En-
gineers, Mechanical Branch. The meet-
ing was held at the Acoustics and Vibra-
tion Centre in the Department of

dBdox, an acoustic spreadsheet; and
dBray, a ray tracing program for use in
the design of auditoria and industrial
spaces. The second speaker, Geoffrey
Bray of Richard Heggie & Associates,
described and illustrated the use of the
latest generation of software for data
gathering and analysis, display, struc-
tural modifications and reporting phases
of a project involving vibration modal
analysi

Early in 1990, a questionnaire on

Mechanical at the Aus-
tralian Defence Force Academy on the
topic *Sound Intensity - Measurements
and Applications".

The principles involved in sound in-
tensity measurements were first be out-
lined by Dr Joseph Lai, a senior lectur-
er in the Department. He then
discussed some recent studies using
the sound intensity technique for noise
source identification, including noise
from an air conditioning plant and a
business machine. Marion Burgess, a

research officer for the Centre, reported
on the findings from studies on the ap-
plication of the sound intensity tech-
nique to measurements of the trans-
mission loss of partitions both under
Iaboratory and field conditions.

An inspection of some of the facilies
of the Acoustics and Vibration Centre,
including the anechoic chamber, and a
demonstration of the sound intensit
strumentation followed the presentation.
Almost half of the group then continued
on for an enjoyable dinner in the Offic-
ers Mess at the Academy.

Marion Burgess

VICTORIA
September Meeting and AGM
At the AGM, Charles Rossiter and
Charles Don were elected on to the
Victorian Divisional Committee to re-
place retiing members Rob Burton
and Mike Snell. Following the AGM
was a presentation from Greg Michael
from the Environment Protection Au-
thority on Noise from the Very Fast
Train. Greg reported that the expected
noise levels are approximately 95 dB(A)
at a distance of 25 m and 80 dB(A) at
200 m. Whichever route from Mel-
boumne to Canberra is chosen the ex-
isting rail track will not be followed as
the radius of curvature required for high
speed operation is approximately 7 km.
Mike Snell

WA
September Meeting

Sound recording studios are always
fascinating places to visit, for here are
created the sounds we hear every day.
They are even more fascinating when
made the subject of a technical visit, for
here acoustician meets artisan on com-
mon ground. Not surprisingly, a good
turnout of members (about 17) enjoyed
the visit to Planet Sound Studios in
Subiaco on 27 September.

Perth is fortunate to have arguably
one of the top studios in the country, if
the succession of national and inter-
national artists is any indication. Fea-
tures of the visit were:
« enormous "bass traps' (low fre-
quency absorbers) mounted in the
4 m high ceiling space to comple-
ment the range of mid and high fre-
quency absorbers
« the use of natural rock, in both the
studio and control room, for its good
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mid to high frequency dispersion
« the high degree of digital pro-
cessing used in today's recording

studio. The main 32-channel desk
is analogue  with computer control.
Thereafter the  signal is digitised for

recording onto the master tape.
Many of the original ~ signals are
digitally sampled, some  passing
through six digital processes.

« perhaps most interesting of all is the
creature known as the recording en-
gineer. Known to inhabit his lair for
days ata time, this creature develops
perhaps the most highly dis-
criminatory hearing of any of the
human species - the engineers at
Planet were able to detect mi-
nuscule differences between an-
alogue and digital sounds that
none of the visitors could!

The interesting and informative visit
of Planet Studios was guided by
James Hugall and John Villani.
Following the visit was the AGM of
the Division and then a Mexican
Banquet.

Part 1 - Determination of compliance
with limits for exterior noise and
Part 2 - Operator's position (Revision
of 1977 edition)
AS 3781 Noise labelling of machin-
ery and equipment (identical with 1SO
4871)

AS 3782 Statistical methods for de-
termining and verifying stated noise
emission values for machinery and
equiment (identical with ISO 7574)

Part 1 - General considerations and

definitions

Part 2 - Methods for stated values for

individual machines

art 3 - Simple transittion method for
stated values for batches of machines

Part 4 - Methods for stated values for

batches of machines

American National Standards

American National Standerds on
Acoustics are available from the Acous-
tical Society of America (ASA) Stan-
dards Program. ~Discounts are avail-
able for members of the ASA, for
standing orders and for bulk purchases.
Details from: ASA Standards Sec-
retariat, 335 East 45th Street, New
York, NY 10017-3483, USA.

John
VIBRATION AND NOISE
STANDARDS CONFERENCE
Australian - New Zealand
Agreement Over 150 delegates attended the

In line with the Australia/New Zea-
land Closer Economic Relations (CER)
Trade Agreement, Standards Australia
and the Standards Association of New
Zealand (SANZ) have signed a Mem-
orandum of Understanding which links
quality management systems accredita-
tion in both countries with international
benchmarks.  This development will
particularly benefit Australian and New
Zealand companies wishing to_enter
the other's marketplace and avoid the
need for multiple assessment and its
associated costs, pending the  intro-
duction of a Joint Australian/New Zea-
land Accreditation Scheme being de-
veloped by the governments of both
countries, certification bodies and us-

New Australian Standards
The following Standards have re-
cently been released:

AS 2012 Measurement of airbome
noise emitted by earth-moving machin-
ery and agricultural tractors - Stationary
test conditions.

Australian Vibration and Noise Confer-
ence, sponsored by the Institution of
Engineers and co-sponsored by Mo-
nash University, which was held at Mo-
nash University, from 18 to 20 Sep-
tember.  The seventy contributed
papers were presented in the appropri-
ate sessions given the following
themes: Environment, Control of Noise
and Vibration, Modal Analysis and Mod-
elling, Dynamics of Machines and Sig-
nal Processing. The Opening address
was given by Prof White from ISVR,
UK on "Vibration control of machinery
installation and structures: some de-
sign procedures and experimental di-
agnostic techniques:. The four keynote
papers were given by Dr David Bies
from University of Adelaide, Mr C. Stak-
er from SDRC, USA, Prof S. Ibrahim
from OId Dominion University, USA and
Prof D. Brown, University of Cincinatti,
USA.

During the Conference there was a
technical exhibition. Prof J.D. Crisp
from Monash University gave a very en-
tertaining speech at the Conference
Dinnes

NATO ADVISORY
COMMITTEE

Ray Piesse recently stood down as
Chairperson of the Acoustics and Vibra-
tion Measurement Registration Com-
mittee. Ray was appointed to the Chair
in 1979. David Symons, from DSTO,
has now taken the Chair of the Com-
mittee. Four new members have joined
the committee and the composition is
now: Louis Chalis (Consutant), K.
Hews-Taylor (CSIRO), K. Cook (RMIT),
A Brown (Vipac), B. Gore (Dept Health)
and R. Harris (CSIRO).

A recent resolution of the committee
states that: ‘the minimum set of re-
quirements for the verification  pro-
cedure for sound level meters shail be
as stipulated in Appendix 1 of the Or-
ganisation Internationale de Metrologie
Legale Recommendation No 58 (Oct
1984) with the addtional requirement
for the verifcation of a.c. output”. It is
hoped that this resolution will overcome
some criticism of the past NATA re-
quirements.

EXCHANGE PROGRAMMES

There are a variety of intemational
awards, fellowships and exchange pro-
grammes which can provide funding for
Australian scientists and engineers.
The applications usually have to be
submitted well in advance. Details can
be obtained from: Interational Ex-
changes Officer, Australian Academy of
Science, GPO Box 783 Canberra, ACT
2601.

ARTICLES OF
ASSOCIATION

The Articles of Association of the
Australian Acoustical Society have re-
cently been reprinted. Copies are avail-
able from the General Secretary of the
Society , AAS - Science Centre, Private
Bag 1, Darlinghurst, NSW 2010.

FASTS

The Federation of Australian Scientif-
ic and Technological Societies has con-
tinued to open up channels of com-
munication with the Government. At a
meeting with Simon Crean, issues such
as shortages of skiled personnel,
award restructuring and the need for
more post graduate awards were dis-
cussed. FASTS is also making sub-
missions to the Opposition which is con-
tinuing to rework its policies.
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People

New Members
* Interim Admissions

We have pleasure in welcoming the
following who have been admitted to
the grade of Subscriber while awaiting
grading by the Council Standing Com-
mittee on Membership.

New South Wales
Ms Sun Chao, Dr R Chivers (UK)
Queensiand

Mr D M Borgeaud, Mr A C Monkhouse,
Mr R H Palmer, Mr M A Simpson
Victoria

Mr B T McEniery, Mr | G Shepherd
Wester Australia

Mr S L H Litobaski, Mrs R J Macmillan,
Mr D A Nunn, Mr M J Sharman

* Graded
We welcome the following new
members whose gradings have now
been approved.
Subscriber
Queensland
MrJ Dodds
Member
New South Wales
Mr K Mikl, Mrs N M Murray
Victoria
Ms W L Saunders, Mr D J Dolly, Mr N A
J Goddard, Dr R Richardson

New QId Office

Growing demand in Queensland for
noise, vibration and blasting services
has led to acoustical consultants Rich-
ard Heggie Associates opening a Bris-
bane branch office. Company Director,
Dick Godsen said that ‘the main im-
petus for our work comes from the min-
ing, quarrying and construction in-
dustries, although we also have a
strong  involvment in architectural
acoustics and environmental noise con-
trol".

The company has recently completed
a research study into the effects of vi-
bration and overpressure, mainly from
blasting, on buildings and their oc-
cupants. This work, funded by the Aus-
tralian Mining Industry Research As-
sociation was conducted in conjunction
with the Julius Kruttschnitt Minerals Re-
search Centre at Queensland Uni-
versity. The results of this wide ranging
study are likely to influence the de-
velopment and revision of standards

and regulations for control of blasting
emissions throughout Australia.

Moves in NSW

loods has made the move
from the Environmental Design Group
of the Building Management Authority in
WA to head up the Acoustics Group in
the Public Works Dept. of NSW. Paul
Bridge has recently rejoined Eden Dy-
namics after spending about 5 years
travelling the world.
Italian Connection

David Eden of Eden Dynamics, has
indicated that the sister company, Rotor
Dynamics, has recently won a contract
with Davy McKee-McDermott for Wood-
side Offshore Petroleum. David will be
commissioning the vibration monitoring
system for the gas compressor which is
1o be tested at the manufacturer’s facil-
ities in Italy. During this time in Flor-
ence David hopes to sample the cul-
tural delights, including Michelangelo's
statue of him.
Company Changes

Flakt Australia has acquired the fan
engineering and sound control division
of Richardson Pacific Ltd. These divi-
sions have been formed into a new
company, Flakt Richardson, which will
operate out of the former Richardson of-
fices and which will be the largest fan
supplier in Australasia.
Membership Values

Peter Knowland recently found his
first membership_receipt, dated 30th
October, 1964. His was the second re-
ceipt issued; it is understood that John
Irvine received the first. Peter es-
timates that the five pound membership
fee would be equivalent to at least
eighty-two dollars today.
New Australian Hearing Aid
Industry

The Federal government has an-
nounced the establishment of a major
new export industry which will greatly
assist the hearing impaired. Minister for
Aged, Family and Health Services, Pet-
er Staples, announced changes to the
operations of the National Acoustic
Laboratories (NAL) which will improve
the provision of hearing disability ser-
vices and provide a major opportunity
for developing the hearing aid industry

in Australia. He said under a col-
laborative arrangement with Australian
Hearing Aids (AHA), NAL was set to
capture a major share of the inter-
national market in the production of
quality hearing aids.

NAL will enter into a collaborative ar-
rangement with AHA for research, de-
velopment and manufacture of state-of-
the-art hearing products. AHA is a 50/
50 joint venture between Crystalaid, a
wholly owned Australian company and
Ascom Audiosys, a hearing aid man-
ufacturer and subsidiary of the Swiss
telecommunications company, Ascom.

AHA will manufacture the hearing
aids in Australia under a supply contract
with the Government. They will es-
tablish a new world class manufacturing
facility in Brisbane, from which they will
also export the new products to coun-
tries such as Japan and the United
States.

The new plant wil be the sole pro-
ducer, world-wide, of hearing aid remote
control units for Ascom's market with
100 per cent Australian content.

The world market for hearing aids is
estimated at 4 million units a year. Mr
Staples said the arangement will pro-
vide hearing impaired people with state-
of-the-art programmaole hearing aids.
The changes include establishing NAL
as a statutory authority over the next
two years to achieve greater client focus
for people with a hearing impaiment
and the adoption of improved business
practices,

*A range of strategies have been de-
veloped to ensure that clients receive
the highest level of professional service
and that people requiring urgent atten-
tion receive priority appointments, * he
said.

“The improved delivery of services to
hearing impaired clients will be man-
aged by a new position of National Op-
erations Manager who will be re-
sponsible for  introducing  improved
business practices throughout the net-
work of 44 permanent and 65 visiting
hearing centres throughout Australia.*

INTER-NOISE 91
The Inter-noise 91 Committee would
like to help meet some of the expenses
of delegates from *Pacific Rim" coun-
tries who could ot afford to attend In-
ternoise 91 without financial = as-
sistance.
Continued P 63
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48 Flakt Soune

Fiakt Fichardson Py L1d. CONTROL
WE'RE STILL CONTROLLING NOISE

* Offices in each State Capital > Full Product Range Including: —

* Sound Attenuators — Commercial & Industrial

* Acoustic Louvres  * Floating Floors

* Acoustic Doors - Timber and Steel

% Acoustic Enclosures - Modular and Purpose-designed
* Steam and Blow-down Silencers

* Audiometric Rooms and Booths

* Design, manufacture and installation facilities
% Watch your trade publications for new product releases.
Contact your local office today for more information.

VICTORIA: (03) 580-2000 NEW SOUTH WALES: (02) 638-6699

QUEENSLAND: (07) 3751133  SOUTH AUSTRALIA: (08) 352-3944

WESTERN AUSTRALIA: (09) 451-9899  TASMANIA: (002) 23-4855
NEW ZEALAND : 478-9049

FORMERLY OPERATING AS RICHARDSON PACIFIC SOUND CONTROL

METROSONICS INC
PRESENT

INSTRUMENTATION AND SOFTWARE
FOR THE NINETIES AND BEYOND

db-3100  Universal Noise Dosimeter
Integrating/Averaging and True
Peak Sound Level Meter - Time
History Monitor.

db-311/312 High Precision Dosimeter & SLM in
one Miniature Type | Instrument.
Toxic Gas Monitor (4 Gases).
Personal Heat Stress Monitor

and Data Logger - with alarm.
AQ-501 Indoor Air Quality Monitor measure
and log Co>RH-C*Dust

CO Etc.

Carbon Dioxide Monitor.

PM-7700
HS-383

AQ-510

AUSTRALIAN
METROSONICS PTY. LTD.

37 BENWERRIN DR.. BURWOOD EAST, VIC. 3151 TEL. (02) 233-5744

Digital Waveform Recorder
and
Evaluation Analyzer

*Up to 12 channels of simuttaneous analog
data recording and analysis
*Data sampling rate to 20MHz (50 nanosecond)
Sampling resolution to 12 bits
(10 bits at 10 MHz and 20 MHz)
eResident signal analysis software

ETMC TECHNOLOGIES E
6 Pound Rd,
Homsby 2077

(02) 4771764 René Maurer
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NEWS. ..

If any readers could offer ac-
commodation in Sydney from 24 De-
cember 1991; could make a donation or
offer any other assistance please would
they let Fergus Fricke or the Inter-noise
Secretariat, know as soon as possible.
Conference Secretariat:

Christine Bourke, the IPACE Institute,
PO Box 1, Kensington 2033, Tel: (02)
697 3178 Fax: (02) 662 6983.

Fergus Fricke,

Department of Architectural Science,
University of Sydney 2006

T

INTER-NOISE 90

INTER-NOISE 90 held during August
in Gothenburg , Sweden, was very suc-
cessful, with over 800 participants. Go-
thenburg is Sweden's second largest
city and is located on the West Coast.
Apart from the Opening Plenary Ses-
sion in the Gothenburg Concert Hall,
the conference was held on the campus
of Chalmers University of Technology, a
short tram ride from the city centre. Aft-
er introductory remarks from the Gen-
eral Chairman, Tor Kihiman, Manfred
Heckl presented a paper on the main
theme of the meeting "Science for Si-
lence". Two other distinguished invited
lectures were presented at the com-
mencement of each day’s proceedings,
by A. Flock on "Active ‘noise’ in the
hearing organ, an aide to auditory sen-
sitivity" and by A. Cummings on *Pre-
diction methods for the performance of
flow duct silencers".

Contributed papers were presented in
up to eight parallel sessions, many spe-
cially arranged by well-known experts in
their fields. The broad topics covered
included Building Acoustics (sound in-
sulation, sound intensity, low frequency
reverberation room acoustics, structure
borne sounds and sound absorption
and scattering); Environmental noise,
(including wind turbines, sound prop-
agation); Transportation noise  (rail-
ways, aircraft and road vehicles); Re-
quirements, including noise labelling;
Duct acoustics; Noise control (various
sources, aircraft cabins, launchers and
other vehicles); Analysis (including en-
gineering applications of SEA); Effects
of noise; Low frequency noise and vi-
bration; Active noise control; Vibration;
Measurement techniques; Hearing Pro-
tectors; Signal analysis and sound pow-
er measurements.

About 330 papers are printed in the
two-volume  Proceedings, and del-
egates came from about 40 countries. |

am pleased to say that Australia was
well represented. | addition to the Pro-
ceedings, delegates received a booklet
“Fight the Noise' by Elvhammar and
Landstrom, published by the Swedish
Work Environment Fund and giving ex-
amples and solutions within companies
and institutions in Sweden.

Over 30 Exhibitors presented their
wares at the Technical Exhibition, which
was well attended and held in an ad-
joining space to the main venues for the
technical program.

Social occasions included a Civic Re-
ception at Gothenburg Town Hall, and a
Banquet held in the Students' Dining
Hall, which culminated in a display of
*horizontal" fireworks viewed  through
the glass walls. At the closing Plenary
Session, Australia was given the op-
portunity to invite delegates to Sydney
next December for INTER-NOISE 91
this included showing a short video of
Sydney and the University of New
South Wales (the venue for the meet-
ing) and the opportunity for delegates to
sample some great Australian wine,
kindly donated by the local Swedish
agent for the Wyndham Estate.

As well as tours arranged for ac-
companying members (including an all
day excursion along the scenic West
Coast) technical tours were arranged on
the Thursday after the meeting - the
most popular of these were to the Volvo
truck and bus factories, and to Saab. At
Volvo it was interesting to see that the
method-of-vehicle-production wheel has
apparently gone full circle, from the ear-
Iy gradual developments of coach-
building techniques, through sophisticat-
ed computerised automation and now
back to small groups of mechanics car-
rying out a fair degree of hand assembly
of individual veficles (supported by

puting the paths and intensities of
sound as it propagates outwards from a
given source. One possible use of the
software is to assist noise producers in
scheduling their activities so that dis-
ruption to the community is minimised.

Comparison of results from the comput-
er program with field measurements is
being carried out by the National Acous-
tic Laboratories.  Additional program
features planned include a module for
enhancing data entry and a module for
including reflection and absorption at
the ground surface. When current re-
search is complete, ASPAK will be put
on the market (contact Jeff Prentice, 01
542 2646).

CSIRO Industrial Research News
Junet

UNDERWATER
ACOUSTICS
4 DAY COURSE
The Austalian Maritime College is
conducting courses in Underwater
Acoustics during 1991.
The courses provide  solid introduction
10 the underwater acoustics field and
involves tutorials and practical test tank
demonstrations.
Course Dates: 11 - 15 February, 1991
22-26 July, 191
Course Fee:  $650
For more details contact:
M. John Foster
AMC Search Lid.
P.0. Box 986
Launceston TAS 7250
Telephone: (003) 260 761
Facsimile: (003) 266 493

Just-In-Time robotic
I am sure that INTER-NOISE 91 in
Sydney will be just as interesting as oth-
er meetings in this series, and | do hope
that a large number of Australian acous-
ticians will participate - the Announce-
ment and Call for Papers is being dis-
tributed and Abstracts are due in by
March 1st. Acceptance will be notified
by May 1st and the final papers are due

by August Tst.
Anita Lawrence
General Chairman
INTER-NOISE 91

ASPAK

oftware,  sitable for _ micro-
computers and code-named ASPAK o
mospheric - sound

FOR SALE - SURPLUS INSTRUMENTS
© 2011 B & K Sound Level Meter Type 2203
©10ff B &K Vibration Pre-Amplifier Type 1606
1 Off B&K 1/3 Octave Fitter Set Type 1616
1.0ff TEAC 14 Channel FM Tape Recorder
wpe XR510 which uses video cassettes. The
iment TEAC recorder is worth $40,000, the
sale price is $26,000.
1.0ff Hewlett Packard Computer Type
'HP9836, original price $50,000, the sale
price i $5,000 including full documentation.
and complete accessories.
0 1.0ff Hewett Packard 1/4° 8 Channel FM

Tape Recorder with case.
@ 1 0ff TEAC R310 Studio Tape Recorder with
case

been developed by the CSRIO lesmn
of Mathematics and Statistics for com-

Eden
at Eden Dynamics Tel: (02) 5795566
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Den't be
a noisy
neighbour!

CHADWICK TECHNOLOGY
specialises in the design and
construction of lightweight
high sound transmission
loss roofs and high

acoustic absorption

ceiling systems.

THE CHADWICK GROUP

i B 292 Burns Bay Road, Lane Cove NSW 2066
For more information contact Tel: (02) 426 8388 Fax: (02) 428 5625

UTTERWORTH
EINEMANN

BOOKS FROM

10% DISCOUNT ON THESE TITLES IF ORDERED WITH A COPY OF
THIS ADVERTISEMENT BEFORE JANUARY 31st 1991

Payment must accompany order. All titles are available on 30 days Approval.

Acoustic Deslgn Machinery Nolse and Diagnostics
Templeton / Sat Lyon
15500 83130 018 8 Hardover 1584 0.409 90101 6 Hardcover
160 pages 1987 $103 299 pages 1987 $11.
NDE Handbook
Detalling for Acoustics Non-Destructive Examination Methods
Second Edition for Condition Monitoring
Lord / Templet Boving
ISBN 0 85139 144 3 Softcover ISBN 0 408 04392 x Hardeover
208 pages 1986 $100 432 pages 1989 $220
Health Book Trans| Nolse Book
Jackson / Morris / Smith / Crawford
T o8 09600 & Hardorar ISBN 0 408 01446 6 Hardcover
532 pages 1989 $240 520 pages 1987 $275

Prices include postage and are subject to change without notice. Books not in stock at time of receipt of order, please allow
approximately 4 weeks delivery. This order subject

Payment Details: - Q Cheque 0 Bankeard Q Mastercard Qvisa
creditCardNumber | | | [ [ | | [ | [[[|]]]|] ewiyoate..

Signature Name

Street Address Postcode

For further information, please contact Katherine Greig at: — ButterworthHeinemann
271-273 Lane Cove Road North Ryde NSW 2133 Tel: (02) 887-3444. Fax: (02) 8874555
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Timbre Measurement

Howard Pollard

Honorary Research Scientist, School of Physics

University of New South Wales
Kensington NSW 2033 Australia

ABSTRACT: Experimental methods appropriate for analysing both transient and steady-state features of musical
sounds are discussed. Representative sats of notes from & musical instrument can be used to categarise the timbre

of
pressntation. The techniques are illustrated with sets of organ tones.

1. ANALYSIS PROCEDURES
The analysis of musical sounds can proceed on three levels:
physical, psychophysical and feature analysis. Table 1 sum-
marises the information that can be extracted at each lovel.

The aim of is s to devel imi
the assessment procedures used by the brain.

For steady musical sounds a basic method of analyss is the
sampled 1/3 octave filter method:[Pollard & Jansson, 1982b);
a typical measurement taking 40 sample spectra averaged over
an interval of 4 sec. The mean level and standard deviation is
then available. At low frequencies, the 1/3 octave band levels
e combined nto broadar bands according to the (SO mathod
[1SO 1966]. After conversion into loudness units, the next stage
is to exact foatucs from the  band loudness. spoctum
appropriate for musical sounds. In particular, measures are
required that will identify the tonal centre of the spectrum and
the balance between high and low frequency spectrum com-

ponents. As will be discussed below, sharpness and tristimulus

Values have been found valuable for this purpose.

For transient musical sounds, tho fist 80 ms of a recorded

function [Pollard et al, lml producing sets of wowa n
6 ms intervals with an equivalent window width
FFT data are then grouped into 1/3 octave bands Imw lhghl!y
narrower critical bands if desired) and the signal levels con-
verted into loudness units. From this analysis, sets of loudness
growth curves, one for each band involved in the analysis, and
corresponding derivative curves are produced [Pollard &
Jansson 1982bl. The latter are valuable for deriving a number
of features relevant to the starting transient [Pollard et al 1982c,
rd 1988al, including the start-time, rise-ate and time to
reach steady state for each of the partial tones.

Figure 1 is an example of transient analysis for the first
50 ms of the sound from an organ pipe (a Gedackt closed pipe
having only odd-numbered partial tones, pitch C4). Figure 1(a)
shows a sat of 113 octave loudness growth curves; Figure 1(0)

o sach banc 1 ok s the time for which the riserate
equals 600 dBs (a rise-r 3 d ms, a convenient
ieshold value.Fo th sound shown in igue 1 the isoratos
ar as follows:
Partial Tone: 13 5 7 9
Starttime (ms): 9 35 45 0 2 2
Timetoreach SS(ms): 33 28 16 16 10 14
Overall Duration of ST (ms): 42

Avcatr feaure of o strtng wrersien fs the presence of
dominant_tones s that have maximum risefate in

1,13
25

TABLE 1 —
‘Thres lovels of analysis and the information each produces
PHYSICAL ANALYSIS| ANALYSIS FEATURE ANALYSIS
Spectrum analysis
igh Y
s istics_|by the brain
© mean steady state | ®mean steady state
lovel (dB) Toudness (sones)
® spoctrum at ® loudness spectrum| ® loudness
specific times at specific times 7
during the attack, |  (response of the | ® timbre
stato, ear’s critical sharpness
) fluctuations of
@ masking effects | loudness, pitch,
timbre
® starting times of @ assossment of
each partial attack:
© rate of rise of level « early sound
partial « duration of attack
® times to reach « dominant tones
stoady state for « synchronism
partial
© overallduration (Other acors ncluding
attack « rougt
. mmn.nml
« missing or
inharmonic partals
. In Figure 1(b) i , shown

by the heavy snvelops curve, and corrssponding time intervals

Dominant Tone: 7 5 1
Time Interval (ms): 06 616 16

Four characteristic features have been found to be involved
in the assessment of a starting transient [Pollard 1988al:
© The duration of the starting transient
© The presence of early noist
© The dominant tones present
© The degree of synchronism present
je of sta

related to the rar imes, tho ango of times ©
‘maximum riseate, and the range of times to rea
steady state).
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Figure o Growh curves fo a Gedackt & organ pioe sounding
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mmprmmmncn 173 octove fiter dand.

3000
2500
2000

Rise-rate

(d8/s)
1500

1000

500

30
TIME (ms)
Figure 1(b): Derivative curves for the Gedackt organ pipe. The

shows. i at, times.

2. TRISTIMULUS METHOD

From the evidence presented in the previous part of this
article [Pollard 1990], three dimensions have been  found
sufficient to categorise timbre. An analytical procedure for
representing timbre, both for the starting transient and in the
steady state, has been introduced by Pollard and Jansson
(1982a)
coordinates (called tristimulus coordinates) which then enable
the data to be shown simply in graphical form. The 1/3 octave
spectrum levels produced by either the sampled filter method
[Pollard & Jansson 1982b] or from FFT analysis [Pollard et al
:snem are converted into loudness units and then grouped as
follows
1 the loudness of the band

with more than one partial occupying each band for the higher

partials, The higher partials are important for timbre but as a

group rather than as individuals. Equivalent loudness is

computed using Stevens Mark VIl method [Stevens 1972).
sum of the three loudness groups is then

N = N(1) + N24) + NGn)

the loudness of the fundamental

NG5 nl is the equivalent loudness of pa 3
Each term on the right-hand side of Equation (1) is regarded

as a tristimulus value from which a set of normalised coordi-

nates x, , z may be formed by dividing each term by N. Thus,

= NN
= N2AIN
= NN

The sduantage of narmalsing the coordinates (making
x4y + ind of using the fundamental of the sound as

roneo s ot this representation is now independent of
bmh loudness and pitch: x, y and z represent only timbre. Since
tes are normalised, the data may be represented
w ‘wodimensional section disgrams, graphing, for nstance,
x=y)or (x-2).

A measure related to sharpness [Bismarck 1974] may be
formed by taking the ratio x/z. The x/z ratio correlates highly
with sharpness but there is a difference in meaning. x/z
measures the proportion of high-frequency partials compared
with the fundamental whereas sharpness determines the
balance point around which the high- and low-frequency
components of the spectrum have equal loudness “weight”’.
x/z may bo used to quaniify the rather vague concept of the

@

The useful in representing both the
tonal changes that occur during the starting transient and the
timbre of the steady state. Figure 2 shows an example of a
o !

=
£

sounding middle C. Both the Principal (an open flue pipe with

moderate harmonic development) and the Gedackt (a stoj

'Iue pipe with only odd harmonics) show a progre:
mphasis from initial high frequency partials to predominance

of lower ordor partials during the steady state (shown by a

larger filled circle in the diagram)

Region of strong
mid - frequency
portial tones

1.0

Region o strong
ency
partial tones

Reglon of strong
fundamental

2 xh- nquwulenl loudness of the hnndl containing_ partial

3 lh' -quiv-lam loudness of the bands containing partials 5
and upward:
T

rouping that th

0 0s

Figure 2: Tristimulus diagram showing timbre changes during the
sarng swnsent o  Gedeckt 3'and « Pckol & organploa

one of a
has special significance and that the first 5 or 6
pamul- o hlvmnnlc sounds occupy separate critical bands

v s 3 milsocond for s vt of o sound The larger.
filled circles indicate the region corresponding to tho steedy state.
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3. STEADY STATE ANALYSIS OF
SETS OF NOTES
The tistimulus diagram has proven useful in studying a
vnlsty of tonal problems. For instance, the changes in umm
r when different singers sing the same noto o
Giterant nsrumentalis "y the sama.noto (Polard 19636]

potential to tackle the age-old problem of defining the overall

“quali instrument. Musicians often test an instrument
by playing a seri
number of test pieces. For a keyboard instrument it
necessary to analyse every available note, a representative
subset is usually sufficient.

Pipe organ tones are popular in tonal studies since they have
the advantage of reproducibility when testing new procedures.
Choosing a representative set of sounds is rather complicated
sincothee 1o  arge rumber ofseparate rarks of pies, ech
rank covering at least a 5-octave span. Itis
it b e of v e - ot o of oves
within each rank. A set of pipes designed to cover a 5-octave
range from C2 (65 Hz) to C6 (1046 Hz) usually shows changes
in timbre from bass to treble. Organ builders must juggle
factors such as the length, diameter and shape of pipes in order
to achieve the pitch and timbre of sound desired. From a
technical viewpoint it might appear to be ideal for a given rank
to have a uniform timbre throughout its range. In practice, for a
variety of reasons, ranks of pipes have a different harmonic
development in the bass than in the treble. This is especially so
for reed pipes for which organ builders have always had
problems maintaining both harmonic development in the bass
than in the treble, but, of course, the reasons are different.

It has been found that a set of 7 notes, consisting of the C
and G notes fmm C3 to C6, is adequate to characterise a
chosen rank of pi minimum number of ranks to be
Studiod would normaly includo at least one representative
principal, flute and reed pipes. As an example of the technique
applied to the organ, the following will describe the analysis of
selected ranks of pipes from the organ in the Great Hall,
University of Sydney.

Two procedures that may be used to analyse this type of
problem are: (1) the use of a reference loudness spectrum,
comparisons being made between the spectrum of each note
and the reference, (2) the use of tristimulus values to compare
each note with a reference value (which may be the mean of
the set or an independent mean).

3.1 Normalised Spectrum
Itis possible to take a representative note: wnh as middle C (C4)
as a reference but a more satisfactory reference spectrum is
one that has been normalised with mpem to pitch. Such a
spectrum can be formed by frequency-shifting the individual
loudness spectra of the different notes comprising a set. From
the set of spectra for the C and G notes (C3 and C6) from a
rank of principal pipes (the Principal 8 of the Great Hall,
Sydney University, Positive division), the band loudness values
were shifted to coincide with those for the note C4 and then
the loudness values averaged. Figure 3(a) shows a normalised
spectrum for a similar set of C and G notes from a rank of reed
pipes (the Cromorne 8" of the Great Hnll Positive division).
comparison of ised spectra reveal quite
different overall spectral envelopes. The Principal pipes have
strong low-order partial tones with a gradual tapering off in
strength at higher frequencies. The tone is moderately bright
with strong fundamental and octave sounds. The Cromorne
pipes have strong middle-order partial tones and stronger
higher partials. The tone is strong and bright with a somewhat
light fundamental.

soues

o025 os v 1w zamsie s s 6w
v e
Figure 3: Normalised spectra for
fo setol 7 Pinciol & s,
b/ set of 7 Cromorne &'
The arowhead marks the pasiton o the relative sharpness value.
Such specta form a useful reference for the comparison of
O aonds from difaron sruments.

The same technique can be used to make comparisons
between sets of notes from different instruments, for instance,
sets of notes played on two or more violins as part of a
comparison test, or sets of notes from different organs, and so
on. From the point of view of an instrument maker, there is an
advantage in studying the complete spectrum since the effects
of changes to an instrument can be readily detected and
evaluated.

3.2 Tristimulus Data
The tristimulus method provides a measure of the tonal effect

The method is useful for comparing the timbre of sets of
representative notes. Figure 4 shows the results of tristimulus
measurements made on sets of Principal 8' and Cromorne 8’
pipes from the organ in the Great Hall, Sydney University,
together with the corresponding changes in sharpness and x/z.

Acoustics Australia
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TABLE2 —

Tristimulus. dll. for the sets of 7 Pﬁndpll 8 (flue) pipes.
. Cromorne 8 (reed) pij
MID- PRINCIPAL 8 CGOMOHNE L3
“eion mean xyz|_norm ‘mean xyz|_norm
0.183 0495 0492
r 0.363 0.346 .339
4 0.454 0.159 0.169
45 72 .9
Cics o5 0.40 26 29
05—
3
L 2
L \ 3
A
Princal &
In Table 2 are shown the mean and coefficient of variation
3 (mean divided by the standard deviation) for x, y, z, SHrel), x/z
L for the atsof Principa and Cromore otes.
FUNDAMENTAL HIGH FREQUENCY spectra;
RN, 1 PR theso aro aiso shown in Table 2. The normalised valuos agree
0 05 ] ly with those for the means of each set of notes. It there-
x— fore seems reasonable to use the normalised spectrum as a
o T showing the referenco whan comparing loudness specta and the mean
for sets of C i ‘when making

Cromarne &

€3 63 Cé 6 C5 65 CB

L L
€363 CL 64 C5 65 C8
NoTE

Figu in ).

w0a v
by noting that the secand harmonic (interval of an octave) lies in

Trimlis oat may also be displayed in the form of a pie
chart. Figure 5 shows pie charts for the mean tristimulus
coordinates for the sets of Principal and Cromome pipes
previously described. The relative proportions of high frequency
partials (x) and the fundamental (z) in the two cases are
particularly noticeable (the sharpness values for the two sets
are 4.5 and 7.9 respectively); the x/z ratios are 0.43 and 2.6.

4. DISSIMILARITY
The essentia differences between two or more spectra or their
istimulus coordinates may be studied using dissimilarity
measures [Plomp 1976]. When a sound is analysed wi
of n fier. the resuitng n band levls may bo regarded ss
coordinates of a point in n-dimensional space (with orthogonal
ciical band anatysis using all 24 itr bonds

would give rise to0'a point in 24-dimensional space. In practice
a smaller number of bands usually suffices.

The spectr ilarity, D(i), between two tones i and j is
given by (general Minkowski metrics):

[kE‘ILﬁ,k) - Lk ]®

DGj) = @

where L(i,k) is the level of tone i in band k. Dii,j) measures the
distance between two points (the interpoint distance, ID) in the

(interval of 2
Thus, a sharpness value of 4.0 indicates that the centroid of the

Ngmel(c}.mdiagnmfwmcmmmmmh/

rank
(Figure 4ia) corresponds with a nmkedpukmmax/}plphmpm-
in the.

As the pitch changes from C3 to C6, the changes in timbre
in both cases are observed. The Principal 8’ maintains its tone
reasonably well although there are some substantial changes
in timbre; nntes G4 and C6 have a greater fundamental com-
ponent and the sound tends to be more flute-like. The Cromorne
8' has bright sounds at lower pitches with a progressive shift
towards mid- and at higher pitches.

z
16%

2
4%

Y
35%

urs 5 fon of the inates for
a the set of 7 Princioal &' pipes, (b) the set of 7 Cromorne &' pipes.

This behaviour is reflected in the sharpness and /z graphs.

ratios proportions of high frequency partials (x)
and fundamental (z)in the two cases.
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For the type of analysis discussed here, it is appropriate to
put a = 2 (Euclidean metrics). It is clearly advantageous to
reduce the number of dimensions, n, by some means: for
instance, the tristimulus method reduces the analysis to three
dimensions.

The DIl in Equaton () represert the totel csimiarty

tween the two sounds. This could include differences in
pitch, loudness and timbre. Jansson (1976] has described a
method in relation to two sounds having the same pitch
which the remaining dissimilarity due to loudness and timbre
may be separ set of band levels for one sound is
Shifed progressively in smllsteps up or down untla minmum
value of DI, is found. The total spectrum dissimilarity is then
considared o ba made up of & feve dlssimilrty together with
a spectrum shape dissimilariy.

Dissimilarity measures can be applied to two normal

o to two sets of trstimulus coordinates. For normalised

spectra, Jansson's method is needed since only pitch has been

normalised leaving level and shape differences. For tristimulus

coordinates Jansson’s procedure s not necessary since both
pitch and loudness have already been normalised.

Figure 6 shows the result of applying vity analysis
0 two nommalsd specye: the ek of Pichal lpes shown n
Figure 4(a) and a similar set from a previous analysis a few
yours arlr, The level cisimlaty fe 200 (e two ses of
the shape
dissimilarity ey erpaint ditancel s 1.6 sonos, thos
reflecting only a minor tonal change. Figure 6 clearly reveals
where the significant spectrum differences between the two
'sounds occur.

5. FLUCTUATIONS
Fluctuations in pitch, loudness and timbre, sometimes called
the microstructure, are important properties of individual
musical sounds. Without such fluctuations musical sounds are
ludged 1 be lisass o aifc. Whan cameurig e e
sampled loudness band levels, ma ndlvd devi
coefficient of variation for each dotormined,
provkdiog usetl massures of e lou loudnu variations in each
It is also possible to compute changes in
pntdl lGuv & Moorer 1977 1o the ndivicl signal samples or
changes in timbre from the individual sample spectra [Segal
1983, Pollard 1988al.

A second type of variation s that which occurs from note to
note in a set, As shown in Table 2, the values of the coefficient
of variation provide a measure for this type of instrumental
fluctuation.

SoNES
°
o

2 a
FREQ (kHz)

Figure 6: Spectrum shape dissimilerty diagram for two sefs of
measurements on the ssme 7 Principal 8" pipes from the same organ
at an interval of 14 years. The diagram reveals no chan

of 1.6 sones).

6. SUMMAI
By taking into account known properties of the ear and brain
itis possible to analyse musical sounds in terms of a number
of appropriate features. The starting transient is characterised
by an assessment of four main features [Pollard 1988, 1988bl:
early sound that occurs in the first few ms, the duration of the
starting transient, the presence of domi
doq: of synchronism. The timbre of steady sounds may be
cified using tristimulus coordinates, sharpness, x/z and
ooelfcmnu of variation.

cts as
fw a pomculav instrumental sound. By establishi

ing a
wimhle reference spectrum, changes i the instrumental sound

over a period of time, changes that occur before and after
restoration, or comparisons between different instruments may
be made. Dissimilarity analysis provides a useful way of
emphasising the changes due to loudness variations and those
due to timbre variations.

Tristimulus coordinates provide a useful measure of timbre
and may be displayed in both graphical and tabular form for
sets of representative notes from an instrument. The mean
as a timbre reference when making tonal comparisons. Changes.
that occur, either with age or by instrumental adjustment, may
bel studied using dissimilarity analysis applied to the tristimulus.
values.
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REPORT

Acoustics and Noise Control Activity

lan C Shepherd

Principal Research Scientist

CSIRO Division of Building, Construction and Engineering

P.O. Box 56, Highett, VIC 3190

The Acoustics and Noise Control project group at the
CSIRO Division of Building, Construction and Engineering,
based at Highett, have a long history of involvement in acous-
tics and fluid mechanics dating back more than 25 years.
Eight staff currently comprise the Architectural Acoustics
group of the former Division of Building Research and part of
the Fiuid Mechanics group of the former Division of Energy
Technology (previously Mechanical Engineering). The current
members of the group are lan Shepherd, John Davy, Des
Burton, Frank LaFontaine, lan Pearson, lan Dunn, Rex
Broadbent and Tony Swallow. The range of staff expertise
spans the areas of acoustics, vibration, fluid mechanics and
electronics which are all necessary to contribute to world class
research.

The groups' activities fall into one of three levels of research
namely strategic research, tactical research and testing.
Strategic research, of general relevance, is undertaken as an
investment in the scientiic future of the group but is not direct-
Iy applicable to  particular problem. The output of such activ-
ity is in the form of published information such as journal or
conference papers. Tactical research is aimed at solving a
particular problem or group of problems and is normally
undertaken as a collaborative project which is funded wholly
or partially by the external beneficiaries. Testing is carried
out on a fee-for-service basis for consultants and manu-
facturers and/or users of the product(s).

Listed below are some of the groups activities over the past
few years:

Acoustic testing facilities. The Division has one of the
most comprehensive acoustic test faciliies in Australia. A
complex of five reverberant chambers, an anechoic cham-

ber and three impedance tubes allows sound power,
acoustic absorption and transmission loss measurements

10 be made on most types of construction and on machin-
ery in general. The facilties are available for use on a

fee- for- service basis.

Building Acoustics. The acoustic characteristics of
various building elements such as walls, doors, windows,
floors and roofs have been measured and modelled
mathematically.

« Machinery noise control. Various types of machinery
have been successfully quietened. These include lawn-
mowers, air conditioners, vacuum cleaners, washing ma-
chines, hair dryers and ventilating fans for mining and
automotive applications.

« Duct acoustics. Theoretical (Finite-Element and Finite-
Difference techniques) and experimental research deter-
mined the acoustic transmission properties of various duct
elements such as lined and rigid walled ducts, bends of

various design, splitters and terminations. The elements
were characterised in a way which allowed a "systems" ap-
proached to the acoustic design of duct systems.

Active Attenuation. Several systems were developed
which cancelled ductborne sound by injecting an artifi-
cially generated sound of opposite signature. ~Attenua-
tion greater than 20 dB was achieved on random
broad-band noise over the frequency range from 20
Hz to 700 Hz. The systems offered no resistance to
air-flow in the duct and worked at low frequencies
where conventional methods are ineffective.

Machine Dynamics. The dynamic behaviour of machines
has been modelled mathematically and the models solved
numerically on computer. This has facilitated prediction of
dynamic behaviour of machines without recourse to physi-
cal testing. Both time domain (transient response) and
frequency domain solutions have been obtained.

Active Vibration Isolation. Active vibration isolation
mounts, which offer reduced transmission isolation at
frequencies while maintaining a low frequency restraint
function, are under development. These are essentially
low-pass flters for fluctuating forces, which have a steeper
cut-off slope than conventional systems.

Combustion nolse. Sound generated by combustion has
been investigated on several occasions. It has been pos-
sible, in some cases, to reduce the noise considerably by
modifying the fuel-air mixing process. More fundamental
research on the interaction of sound and combustion is
current.

Fan nolse. The latest theories of aerodynamic sound
generation have been applied to centrifugal and axial-flow
fans. This has involved detailed measurement of the flow
patters in the fans, but enables the fan tonal noise to be
predicted and has revealed strategies for noise minimisa-
tion.

Fluid Flow Mapping. A new optical technique for mapping
the distribution of fluid flow velocities over a plane has
been developed. The technique s called Particle Image
Velocimetry (PIV) and is many times faster than any other
known method. The CSIRO system is being developed to
increase its speed and convenience further. The system
allows the measurement of instantaneous flow velocities
at an indefinite number of points on a plane simultaneously
and has been used with great success to measure flow
patterns around bodies and in fans for calculations relating
10 the production of aerodynamic sound.

Enquiries relating to the activities of this group should be
directed to Mr lan Shepherd (03) 556 2674.
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REPORT

AAS Annual Conference

Perth, April 1990

Achieving consensus between the “linear’ and *non-finear"
people in a design team is essential for a high quality interior
noise climate to be obtained, according to Professor Harold
Marshall in his opening address to the Conference. Acousti-
cians and engineers, of course are ‘linear” people, working
from physical laws and physical constraints. Our physical
laws, however, cannot always explain the experience of 'non-
linear" people such as the “craftspeople” (musicians etc.) and
“power" people (finance, politics, media). *We need to recog-
nise their input if a satisfactory end result is to be achieved;
and Professor Marshall went on to show how a fast acoustic
modelling process can facilitate this interaction.

This presentation held about 75 delegates spellbound, and
set the context for the following papers on the theme Interior
Noise Climates".

Louis Challis opened the second day with an historic “tour"
through New Parliament House, Canberra. The Conference
theme provided a fitting forum for him to illustrate the host of
challenges which face the acoustical consultant on a project of
that magnitude. To have Louis as a keynote speaker recog-
nised his role in that project, and in overcoming the *cultural
cringe* to be selected ahead of overseas consultants!

In the closing session Louis suggested that an appropriate
theme for a future Conference, as a sequel to the linear/non-
linear" concept of Professor Marshall, would be "Poliics and
Acoustics".

But Where Were the Architects? . .. The Conference
theme was an architectural one, so the organisers sent 750
brochures to RAIA members in Westem Australia - we re-
ceived not a single query, let alone a registration! We phoned
up about 30 local architects and received a very lukewarm re-
sponse, "if we have a problem, we get a consultant ..". One
wonders what happens on all the projects consultants don't
seel I this is typical of other states, then the Society has
a major challenge before it in bridging the gap between
acousticians and architects.

President's Prize . . . A highlight of the Conference was
the awarding of the first President's Prize for the best paper by
an AAS. member presented at the Conference. This was
won by Associate Professor Michael Norton of the Depart-
ment of Mechanical Engineering at UWA and his assistant
Jules Soria (now at Stanford University) for their paper on the
tape recording of sound intensity signals via the quarter -
square multiplier principle.

The Best Conference Dinner | Have Been to .
These words of Harold Marshall were echoed by many dele-
gates who enjoyed superb food and local wines in the delight-
ful visual setting of the Royal Freshwater Bay Yacht Ciub
and the equally delightful acoustic environment provided by
"Stringybach". Likewise, the Cottesloe Beach Resort proved a
relaxed, intimate venue for the main sessions. Some of the
more intrepid visitors were seen swimming on the Wednesday
afternoon before the Sundowner!

Thanks, folks . . .

The Conference received a set-back

with the prolonged airlines dispute of 1989, the scheduled
November Conference having to be postponed to April 1990.
Fortunately, all but three of the authors were able to attend
the postponed Conference, though many were undoubtedly
inconvenienced to some extent. Hopefully the success of this
Confarence has erased memories of November 1989!

P e a
AAS Federal President Stephen Samueis presents Prof. Harold Marshall
‘and Mrs. Marshall wit ic is

speaker.

Stephen Samuet, Fodord Presidon presents a gift 10 Lous Chals in
reciation of his contribution as keynote speal

AAS Federal President Stephen Samuels presents Associate Professor

ding paper presented at the Conference - an historic moment?
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Financially, the Conference produced a modest profit,
thanks mainly to the support of the four major sponsors:
Ansett Airlines, Bruel & Kiaer (Aust) Pty Ltd, CSR (Bradford
Insulation) and Warburton Franki (Rion). Thanks aiso to the
keynote speakers and authors for the hard work, and to those
Who helped with organisation.

Extra, Extra . . . Conference Proceedings are currently
available from AAS. (W.A. Division), P.O. Box 7055,
Cloisters Square, PERTH WA 6000.

Please enclose a cheque for (Australian) $45.00 each copy,
which includes postage within Australia and New Zealand.
For overseas orders, please add (Australian) $5.00 for each
copy ordered. After 20 April 1991, any remaining copies of
the proceedings will be available through the AAS. Publica-
tions Officer (see Information Page)

John Macpherson.

Focus Group Reports

Six focus groups were held - three on each day, with the
aim of stimulating discussion on topical issues, drawing forth
the anecdotes, opinions and ideas of delegates who were not
presenting papers and fostering networking among people
with common interests.

The groups were opened by introductory speakers who
briefly discussed the topic from their own viewpoint. The
facilitator then opened the topic to the group. A summary of
each of the groups is presented below.

1. Open Plan Offices

Facilitator - Louls Challis (Challis & Associates Pty Ltd, NSW)
Introductory speakers:- Marion Burgess (ADFA, Canberra),
Colin Nicholas (Architect, WA) and Peter Barrett (Education
Department WA).

The introductory remarks and subsequent discussion
centred around four main issues:-

Acoustic Performance

Laboratory data is available for many components but may
have lttle relevance in practice;

Detailed design guides are now available.

Acoustic Masking

A view was put that masking noise should be avoided as it
could resultin increased worker stress levels over time;
Counter view was that masking is necessary but must be
carefully designed by experts;

Budget and Brief

Architect has to realise the brief within a budget, which
often dictates whether the resultis *human" or *Spartan”,
Architect needs three levels of consultation at all stages;
management - workers - acoustic consultant;

Problems arise when the client's needs change, causing a
design change which affects the acoustics;

There is an unfortunate perception by some clients that
detailed specification of acoustic and ergonomic require-
ments will make the project too costly.

Ergonomic and Personnel Factors

Open plan is more flexible than enclosed offices but not
necessarlly cheaper as is commonly thought;

« There s a tendency to *open view rather than open plan,

using full height glass partitioning;

« Density of people is important. People complain less if
they have their own "spac

+ Amelioration of problems through behavioural change was
discussed.

Summary
‘There appears to be a need for an Australian Standard to
address some of the issues raised.

2. Industrial Buildings
Facilitator - Paul Keswick (Sound & Vibration Technology,
WA)

Introductory speakers: Barry Carson (Bradford Insulation,
WA) and Robert Fiddoch (Archiplan, WA).

This group looked at a specific issue:-

*Should statutory building approvals require that acoustically
absorptive treatment be installed in new industrial buiidings at
the time of construction?”

Some typical dollar costings were presented for a new
factory roof:-

+ With zincalume and mesh gutters $18,500 - $19,000
installed;

+ With 50 mm perforated Anticon included $25,000 - $26,000;

+ Tolift roof and insulate later $39,000 - $41,000.

Some of the benefits were identified:-

Energy Saving . . . Energy saving of 3-5% in a small
factory (from group members' recollection) and improved light
reflectance with foil facing.

Lower Occupational Noise Levels . . . Effective in the
reverberant field but not at close operator positions and effec-
tive for large numbers of employees in  factory, not effective
in quiet factories with few employees.

Lower Environmental Noise Levels . . . Factories with
lining can sustain higher internal levels if near residential
areas, representing greater flexibility in leasing and operating
(especially if lining is combined with extra transmission
barrier) and changing uses over the years represents a possi-
ble retrofit cost.

Other Benefits . .. Improved productivity due to improved
speech intelligibility, general comfort and safety, lower work-
ers' compensation payouts, increased production etc.; and
addresses traditional inequality between blue collar workers in
the ‘sweat shop versus white collar workers in air-
conditioned comfort.
Summary

It i common for absorptive treatment to be incorporated in
new commercial industrial estates, as this becomes a market-
ing feature. The consensus was, however, that a requirement
for absorptive treatment could not be justiied on the grounds
of any one benefit. However, the combined benefits are such
that absorptive treatment is likely to be highly desirable
in terms of cost benefits. There is a need for research to
quantify the benefits of a treated factory against the standard
reverberant factory. The group also felt governments could
lead the way by treating all new industrial-type buildings.
Developers need a simple guide as to the types of materials
1o use for industrial buildings where treatment is likely to be
needed
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3. Acoustics in Schools
Facilitator - Norbet Gabriels (Building Management Authority,
WA).

Introductory speakers:- Anne Macpher
Australind SHS., WA), Mike Kateifides (P.W.

Geoft Barnes (Acoustic Design, Vic.) and Wurwlck Williams
(NAL, NSW).

This group provided an interesting example of Professor
Marshall's “linear/non-finear* concept. Anne Macpherson, in
the role ofcraftperson*, outiined the acoustical requirements
from a teacher's viewpoint, while the Acousticians grappled
with the technical implications.

Some of the issues raised and discussed were:-

« Need for total intelligibiity of teacher's voice when
teaching languages;

Need for full modulation of teacher's voice to be audible in
languages and other areas of teaching;

Need for teaching rooms to be neither too absorptive nor
oo reverberant;

External noise problems from other classes (especially
cluster schools), outdoor activities, raffic, ete.

on (Depuly Principal,

Planning issues were also raised, in particular a case in
NSW where a new school is to be located under a fiight path.

The group resolved:- That the AA.S. adopt the follow-
ing position regarding acoustics in schools:-

There is a need for acoustic evaluation to be an integral part
of the site selection and site planning process. This early in-
volvement is considered imperative if the acoustical needs of
the leaming environment are to be met

The need for this evaluation should be brought to the atten-
tion of the Education Ministers for their action in modifying
land acquisition processes and acoustic design procedures.

4. Noise and Urban Planning

Faciltator - Stephen Samuels (ARRB, Victoria).
Introductory speakers: John Lambert (E.P.A., S.A),
Allan Herring (Herring Storer Acoustics, W.A) and
Tom Brazier (Perth City Council, W.A.).

Historically, environmental agencies have been set up to
patch up planning decisions made 50 - 100 years ago in a
society where people walked to work. There is presently a
need for effective land use planning so that the decisions
made today don't saddle future generations with the same pro-
blems. Such planning leads to change and objection, with
many projects ending up in lengthy legal battles. Councils
and government agencies are called on to make courageous
decisions - "politics versus engineering".
Several possible legislative strategies were discussed:-
Maximum permanent noise levels rather than comparison
with measured background levels; and
Buffer zones - difficulty in establishing size, expensive.
Music from hotels, discos etc. and outdoor concerts was
highlighted as a major current cause of complaint (85% of
complaints in one case). This is both a planning problem
(changed land uses e.g., football ground becomes a concert
venue, with attendant parking problems) and an assessment
problem.

Criteria for assessment were discussed in relation to both
music and other noise, for example:-

+ Leq, short periods down to 60 seconds possible, 15
minutes typical.
+ Leq, plus peak, e.g., helicopters;
+ For music, 8 dB above background in any octave band
(previously 63Hz and 125 Hz)
Summary
There is a need for effective land use planning if past
mistakes are not to be repeated. This calls for the careful
detailing of planning application procedures, assessment
parameters, and acceptability criteria. The involvement of
non-technical people in the planning process needs to be
approached creatively in line with Professor Marshall's ‘linear/
non-linear” model.

5. Noise Labelling

Facilitator - Stuart MacLachlan (SPCC, NSW).

Introductory speakers: lan Eddington ( Toowoomba CAE,
Qld), Owen Jeffries (CWAI representative on Hearing Con-
servation Advisory Committee, W.A.) and Nell Byrne (AMWU,
TLC representative on HCAC, W.A.).

In general, the group perceived two distinct forums for the
Iabelling debate - environmental protection and occupational
health.  The “Green Spot' campaign for example aims at
achieving a lower noise environment in the home or for the
neighbours, while occupational noise  legislation requiring
“provision of information" aims to achieve lower occupational
noise exposures. In both forums, the two important issues
were:-

+ Islabeling meant to assist an informed purchasing choice?
+ Or, is labeling intended to advise immission levels to
achieve compliance with an exposure standard?

In terms of occupational noise, labelling raised a number of
concemns related to standardisation of measurement proce-
dures, policing, and the practical difficulty and cost of labelling
existing machines in operation in a workplace.

Labelling was, however, also seen to be desirable, even es-
sential in the occupational context since present noise survey
requirements were not getting the information to workers and
trigger mechanisms are needed to make employees aware of
noise hazards so appropriate action can be taken.

Several strategies for occupational noise labeling were
discussed, including:-

« Provision of technical information in the form of a data
sheet prior to or at the point of supply;

+ A'hazard alert label; and

+ Noise labels on existing plant in the workplace, detailing
noise exposure data.

While there was general agreement on the relevance of the
first two strategies, the third raised concems regarding the
practical difficulties of providing a label with accurate data in
an understandable form, especially when this data may be
confused with environmental noise labeliing data.

Summary

Noise labelling was seen to be far more advanced in the
context than in the context. Sim-
plicity is essential and dual systems need to be avoided
it possible. The audience needs to be identified and the lab-
els designed accordingly. A good public mforma(icn cam-

paign is needed for noise labelling to be successful
Coninued P80
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NO NONSENSE
NOISE CONTROL

SPECIFICATIONS

AC Power Input

220-250V 50/60 Hz, 7VA. (Other voltages to order.)
Trigger Ran,

60 dB- 129as (40 dB-109 dB with optional high gain
microphone.

Input Walghllng

Linear. A Law, external.

Trigger Level
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AC Monitor Output

0dBm at trigger level.
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Isolated microswitch relay. Max. load 240V 2A. AC.
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Successtully utilised by local
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o Easily installed by any licensed
electrical contractor. Full installa-
tion manual supplied.
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level when installed.

© Tamper proof — locking steel
enclosure prevents unauthorised
adjustment.

o Calibration is achieved using a
Bruel & Kjaer sound level calibrator
type 4230 with 12.5 mm (% inch)
adaptor.

Box 570, Willoughby, N.S.W. 2068, Australia
4/108 Warrane Road, Chatswood 2067
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2 Channel Instrument
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Continuous Storage of Short Leq.
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Select any 16 from over 120 options
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DAVIDSON

to 1, 6th Ficor, 10 Help Stroet, Chatswood N.S.W. 2067

Ph. (02) 410-9893

WA, Hinco Enginesring (09) 244-2777
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ACT/TASIQLD MB & KJ Davidson (03) 555-7277

MB & KJ DAVISON PTY. LTD. (inc n Vic.)
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PROFILES OF ACOUSTICIANS

Neville Fletcher
Interviewed by Graham Caldersmith
“The first part of this interview was published in Acoustics Australia,
Vol 18 No 2, Sept 1990.
In addition to the activities described in my preface to Part A,
Neville has served as a member of the Australian Research Grants
Committee 1974-1978, on the Australian Academy of Science as
Member of Council, 1979-1984 and Secretary for Physical Sciences,
1980-1984, as President, Australian Institute of Physics, 1981-1983,
ind continues on several advisory boards and councils. He was
Professor at UNE, Armidale 1963-1983, Director of the
Institute of Physical Sciences, CSIRO, 1983 - 1987 and is now a
Chief Research Scientist, CSIRO Division of Radiophysics. He
continues to augment his 121 publications including three be

Part B - Organisation of Research
Do you think the popular appeal of these new theories
lil generate a bandwagon that will draw limited funds
from sound mainstream projects like gravity wave detec-
tion and superconductivity?

No, ! think esoteric work like chaos theory and fractal geom-
etry requires pretty smart mathematicians and a few advanced
computers and they do bring science to the public effectively,
though only at one level, but they don't demand the sort of
expenditure on equipment and technical staff that gravity
wave detection and high temperature superconductivity need.
It's hard to know what to do about our commitment to the sort
of projects like superconductivity that soak up vast amounts of
research time “just to bring us into the race to commercial
application £ and there's no guarantee we will win the race,
though welwill un across some useful results on the way.
Australia has taken a middle course in superconductivity fund-
ing from government and industry to the extent of several
million dollars to date and I think this is a sensible course for
us, given the lottery of finding commercial return.

One of the peculiar things about science funding today is
that the contraction of funds for pure science, the pressure to
go commercial with contracts, and so on, that we see in Aus-
tralia is also evident in America, England, Germany, and even
in China. It looks like the politicians have all read the same
book. The push on science to get us into the high-tech indus-
tries for economic survival makes the swing to applied science
inevitable. But, in my view, there isnt more or less joy
in doing applied science and in fact the sort of problems you
have to deal with and the methods used to tackle them are
very similar. | find it just as exciting to do industrial research
now as | did to do pure research in years past - and it nice to
know that someone is interested in the resuits! (You rarely
even get requests for reprints now, with the availability of pho-
tocopiers) The people in CSIRO that | work with are all
enthusiastic about working with industry, although we find a fot
of time is required to organise the cooperation - scientists are
not terribly good at negotiating contracts etc. - but it really has
to be this way now.

When you were Director of the Institute of Physical
Sclences at CSIRO many divisions underwent traumatic
restructuring - some even disappeared. What was that
like?

Some divisions were practically oriented anyway; others
were doing good academic work that one would be happy to

see in a university department but they had become remote
from the charter of the CSIRO. | think in a university the only
obligation should be to do interesting, intellectually challeng-
ing research, the only restriction being that students should
have good PhD prospects in the chosen fields. In CSIRO we
should be doing something different, except when the oppor-
tunity to investigate a beaut, original, basic idea comes along
and we happen to have the expertise and the equipment. But
if that project stretches into decades and the people run out of
steam | think we are offthe rails.

But, yes, the cuts averaging four percent a year while | was
there did create trauma. Some labs went down twenty five
percent in staff, very demoralising, although one or two like
information technology were even able to grow. The restruc-
turing began gradually, but in the last two years | was there
we were working hard on rationalising divisions and they were
reduced from fifty to about forty which was pretty hard on the
chiefs. My feeling now, three years later, is that the divisions
have stabilised in their new forms and are working effectively.
The Directors of the Institutes have now to spend most of their
time with industry rather than concentrating on the science
being done and that requires a different sort of person. |
wouldn't feel comfortable in that role.

If one were to gauge the current state of physics in
Australia by reading editorials in such journals as the
Australian Physicist, one would conclude that an ongoing
degradation of physics practice is being allowed here.
Do you feel as pessimistic as your colleagues about the
prospects for your profession in Australia?

Yes, the ASTEC report on the state of science in Australia,
on the basis of a range of indicators as well as impressions
from people like myself, concluded that physics was not in a
good state i its own right and as compared to other sciences.
Solid state, which is hugely important to industry has dropped
off badly, although acoustics was given a big tick - | have a
feeling because of medical acoustics: ~ultrasonic scanning
and cochlear implants.  In relation to the USA, Physics Today
has been saying things similar to the ASTEC report for sever-
al years: physics is not being taught properly at school and
s0 physics in all institutions and industry is deciining. Now all
those things are true but | have an idea in the back of my
head that what we are seeing is part of a larger pattern in
scientific evolution. Five or six hundred years ago most of
leaming was contained within philosophy which was taught to-
gether with theology and law. So philosophy was King until
physics split off, taking cosmology with it, followed by mathe-
matical logic, which took a lot of the formal part of philosophy
with it. So philosophy was left with important but intractable
problems like "what is the nature of being" - philosophy was
stripped of all its useful bits. | wonder if something similar isn't
happening to physics: electrical engineering has taken com-
munications and lots of solid state physics; laser technology
has taken state-of-the-art optics; computer technology has
taken advanced circuit design; biophysics has hived off. Op-
tics and Acoustics may still be regarded as part of physics but
they have their own societies. It seems that physics is in dan-
ger of being left with fundamental fields lie cosmology,
elementary particles and gravitation. But since we can't
expect to keep the same numbers working in reduced fields
we see contraction in “physics* while in fact science and tech-
nology as a whole is maintaining its effectiveness. That is to
say we are seeing a redefinition of science: in particular phys-
ics is feeding the generation of new fields in engineering and
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that may not be such a bad process.

The ecological movement has created a powerful ethos
in the last decade: one that seeks to moderate and
simplify our technology. Do you see any threat to pro-
gress in expensive, sophisticated research programs like
high energy physics and superconductivity from the ris-
ing ecological consciousness?

Not really. Certainly at one end of physics research we are
building superconducting supercolliders and so on. But at the
other end we have developed very subtle devices: SQUIDS
for detecting tiny magnetic fields, efficient semiconductors for
solar technology, lasers for all sorts of applications, and all low
power, efficient devices. Advanced technology is all about
doing things in gentle, economical and beautiful ways quite
compatible with ecological concerns.

Even mining can aim to take only what is necessary with
complete restoration of the environment afterwards - that is
not an unreasonable requirement. The biggest threat to the
environment is population growth, but the regulation of that is
a sociological problem rather than a scientific one.

What are your impressions of the effectiveness of the
Academy of Sciences and what are ts impacts on emerg-
ing populations of scientists?

The Academy has tried to become effective in science edu-
cation at upper school level over the past, say, twenty years. |
think they have been very successful in biological sciences
and in geology. The chemistry materials they have brought
out have been good but even though we keep talking about
physics education nothing yet has been put together. It costs
at least half a million dollars to put out a set of texts and a
couple of years' work.

We've been rather less successful in influencing govern-
ment, | think. The government doesn't seem to see the Acad-
emy as a resource - we are rarely consulted on areas of our
expertise and overview. Government apparently favours hired
consultants! Our other Academy - Technical Sciences and
Engineering - has a more direct path to government because
many of the members are influential industrialists who carry
more weight with government. But even then their recent
report on space sciences did not result in the action hoped for.

All the Academies are working hard to communicate with
government but we certainly have not reached the level of the
Royal Society in England or the America  Academy of Sci-
eences in consulting with government.

How does the Academy see the state of science in
Australia?

1 don't know what the Academy's response to the ASTEC
report was: it would have been a compound of the views of
the Academy's specialist committees. The National Commit-
tee for Physics would have prepared an assessment of the
reliability of ASTEC's conclusions on the state of physics.

There was a general agreement that the report was about
tight: things are not looking good. | would expect the position
of the Academy to be: yes, that's about the state of things.

Now what's going to be done about it? That's what we all
want to know.

So it's in the government's court now, and with the
election process running, the response will be delayed.
And now what are you doing at Research School of
Physics Sciences at ANU while still working for CSRIO?

When | finished as Director of Physical Sciences in CSIRO |
was fifty-eight and had about seven years' employment to
look forward to.

It was nice to come back to science practice

sions in Sydney: | work with Warren King, a former PhD stu-
dent, on Gallium Arsenide transistors at Radiophysics. | help
with the theoretical side since | would have to be in Sydney to
do anything else. | have a couple of acoustics pro-
jects with Suszanne Thwaites, also a former PhD stu-
dent, at NML, Applied Physics in Sydney, both commercial
projects so | can only say that they are not musical or
medical but they are interesting. But | am doing a
musical project with Moya Henderson, an Australian com-
poser who was artist in residence at Applied Physics and
has ideas for new percussion instruments. | am involved
with work on membrane biosensors up at food research -
the sensing of minute quantities of substances in the body.
1 also participate in a joint project between Telectronics, the
heart pacemaker people, CSIRO and ANSTO at
Heights on ceramic energy storage capacitors - back in the
solid-state field.

That's a broad spectrum of work and there are a few litle
extras like the birdsong theory that | published recently, and
the work at ADFA where my laboratory from UNE was trans-
ferred so | can follow up these ideas on nonlinearity and
chaos in spare moments, or if someone like Bob Perrin comes
visiting with the time to do the physical measurements.

The most enjoyable and valuable part of your career as
a physicist: | suppose you will say it's what you are
doing now.

Itis! | was just about to say that. In terms of enjoyment it
must be about what | am doing now. | suppose the other
times that | remember were in the late sixties, early seventies
when | had six graduate students working in various parts of
solid state, some on ice, some on superionic crystals. It was
when the physics department at New England was growing
and things were humming with twenty-four PhD. students in
the department. Then again in the mid seventies the acous-
tics projects were gathering pace with three or four peo-
ple and new ideas were popping up. | always like it when
things are starting to move in a new field after the inital strug-
gle to master the existing knowledge and technique. That
seems to happen about every ten years with me. So | have
been back in research for about two years now. The first year
was a bit grim, trying to get back to the special disciplines and
new procedures. But now the projects are rolling and some
are showing results. | look forward to continuing this way for
the next five years.

The things | take on now are mostly shorter term projects. |
fook for results in six months or so and then can go on to
another stage in the work: usually practical, applicable work.
The chaos theory | do in spare moments is continuing and |
find it stimulating. | enjoy keeping in touch with broader
issues in science through the Academy committees. But |
don't yet feel like the man who said "I don't care if this wine
wil repay further cellaring; at my age | don't even buy green
bananas!*

You're not as pessimistic as that!

No. I'm not that pessimistic!
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BOOK REVIEWS

FUNDAMENTALS OF NOISE
AND VIBRATION ANALYSIS
FOR ENGINEERS
Michael Norton
1989, pp 619,

Soft Cover ISBN 0 521 34941 9, ~
Hard Cover ISBN 0 521 34148 5
Dlsmnulol Cambridge University Press,

10 Stanford Rd, Oaklsigh, Vic, 3166. Price:
Soft Covers A$4950

There many books on noise
control andvibration control at the
specialistlevels and at the undergraduate
levels. One may legitimately ask why
there is a need for another book on the
subject. In fact, the author used more than
half of the book's preface to justify the
publication of this book. After reading this.
book, | do agree that this is ot just
another book,

As the tille suggests, this book is
targeted for engineering students with its
emphasis being placed on highlighting
the relationships between noise and
vibration, and the applications o industrial
noise control. In order to treat the two
inter-related fields of noise and vibration

ne single volume, the author had to
make a judgement on what is essential
o the understanding and application of
the fundamental principles and inevitably
had to leave out some other topics which
are normally covered in books that are
riten prmarly o vbaton o acouscs
On balance, | feel topics have been
carefully chosen and have served to
demonstrate the basic principles and their
applications in practice.

“The book is divided into eight chapters,
each of which contains substantial
material, has its own list of references and
nomenclature, and is quite self-contained.
Chapter 1, consisting of just over 100
pages, introduces the fundamentals of

be covered in noise and vibration control
res. However, the inclusion of
loudness contours would help to llustrate
the response of the human ear and the
various weighting functions used for noise
measurements. Furthermore, this chapter
could benefit from a brief description of
the environmental aspects of noise such
as traffic noise, community noise, hearing
conservation, etc. The exclusion of
muffiers comes as a real surprise
especially because this book is intended
for_engineers. Techniques for signal
analysis are described in Chapter 5 but
are only limited o the basics. Digital
filtering technique has not been
mentioned. Two advanced topics are
reated in Chapters 6 and 7. Chapter 6
introduces the technique of statistcal
energy analysis for noise and vibration
analysis. Chapter 7 is a case study on
flowinduced noise and vibrations in
pipelines. The choice of this case study,
while reflecting the authors own
experience and expertise in the subject,
does serve to demonstrate well the use
of the concepts and tools introduced in
the earlier chapters. The book concludes
with Chapter 8 on the use of noise and
vibration as a diagnostic tool. This chapter,
supplemented with quite a number of
practical examples, is very useful as the
field of condition monitoring is of

increasing interest to industry.
Adequate references to journal papers
and specalist books have been provided
for the reader to follow up details on some
topics or derivation of some formulae-
lequations. Although the approach
adopted is basically mathematical, the
author has successfully and consistently
drawn on practical examples to ilustrate

important concepts. Some

rules of thumb are also included. Uniike
s tebooks, there i ¢ lck of wored
examples. However, this is largely offset
Jocton ofprtiems for aoh

vibrations. C
topics such as Lagrange's equations,
methods of influence coefficients and
transfer matrices have been omifted,
without compromising the basics. Chapter
2, dealing with the fundamentals of
acoustics, includes the acoustic wave
equation, acoustic source models and a
discussion of the generation of
aerodynamic sound. Chapter 3 draws on

e the first

chapter with answers provided
Apart from some typographical
mistakes in part of the text and equations
which are almost unavoidable in text of
this size, the book is very well written and
structured and is a delight to read.
Important concepts are reiterated through-
out the text 1o keep the reader's mind in
‘which | have found very helpful and

10 provide the link between the structural
vibration field and the acoustic sound field
and this has been accomplished in an
elegant manner Basic noise and vi
instrumentation and measurement
techniques are introduced in Chapter 4
together with some noise and vibration
jures. The author has rightly
pointed out that there is a wide scope to

which has often been found
missing in most text books. From my own
lecturing experience, undergraduate
students often find it hard to intergrate the
knowledge and tools learnt in different
subjects. The book is an excellent attempt
in providing an intergrated and coherent

approach to noise and vibration analysis
and the author  should be. highly
commended for his efforts. This is

certainly a textoook that | would

recommend for undergraduate engineer-

raduate students

and practising engineers in noise control

will also find it very useful. The book is
a ‘must’ for every engineering library.

Joseph Lai

Joseph Lai is & Senior Lecturer in the
Department of Mecharical Engineering at
the Australian Defence Force Acaderny. In
addliion to his lecturing responsibilies,
he is Director of the Acoustics and
Vibration Centre which has been
established in the Department.

* * *
GUIDE TO ACOUSTIC
PRACTICE,

2nd Edition
BBC Engineering

British Broadcasting Corporation, Lon-
don, 1990, pp 144, spiral binding, ISBN
0563 36079 8. Direct purchase from
Business Manager, BBC Arch. and Civil
Eng. Dept, Broadcasting House, Lon-
don W1A 1AA, UK. Price (including air-
mai) £35.00.

The first edition of the BBC Guide to
Acoustic Practice was produced in 1980
and this 2nd edition presents updated,
reorganised and extended information.
The content was prepared by Keith
Rose with the assistance of staff from
the research, architectural and en-
gineering departments of the BBC.

The first three sections represent the
categories in which studio acoustic sur-
veys are undertaken; noise, sound in-
sulation and room acoustics. The first
section deals with such topics as con-
struction noise, mechanical services
noise, environmental noise and noise
from electrical services. Each is dealt
with somewhat briefly and the emphasis
is on the relevance to studio design.

The sound insulation section covers the
performance of the range of com-
ponents in studio buildings. As well as
information of the types of suitable con-
structions, there are comments based
on experience with flanking paths etc.

The text of this section is followed by a
number of typical sections and details.

The room acoustics section discusses
the various types of absorbers and their
application to studios. Photographs of
some installations ~ complement  the
sketches and details. The last four sec-
tions deal with control room layouts,
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acoustic effect of studio funiture, timing
of acoustic tests and a glossary of
terms.

‘The information in the guide is clearly
and concisely presented and it is very
readable, with no mathematical equa-
tions. The style of the publication, with
text followed by diagrams, is rem-
iniscent of an internal report. This book
is el described by ts title; it is a “guide
to acoustic practice’ and provides the
necessary background information to al-
low understanding of the basic prin-
ciples and the reasons for particular as-
pects of the design. It also quides the
reader to an appreciation of the im-
portance of details for ensuring satis-
factory acoustic performance.

‘The book would be of benefit to those
who need an understanding of the
acoustic requirements of studios and
the type of constructions which have
been found to be satisfactory. It would
be a valuable addition to the library of a
College or University, of an architect or
designer and of interest to anyone
working in the area of acoustic design.
It certainly represents good value.

Marion Burgess

Marion Burgess is research officer at
the Acoustics and Vibration Centre of
the Australian Defence Force Academy.

She has been, and stillis, involved with
the teaching of architecture students.

Basis Issues in Hearing

J Duifhuis, ] W Horst & H P Wit
(Editors)

Academic Press, 1988, pp 470, ISBN 0
12 223346 §

Australian Dmnbumv Harcourt Brace Jo-
vanovich, ag 16 Mamckwlle
SW 2204. o Fs1070:

The book reports the proceedings of
the 8th International Symposium on
Hearing held at Pateswolde, Nether-
lands, April 59, 1988. The 470 page
volume contains 55 papers in six sec-
tionstitled, “Invited review papers",
“Sensory cell physiology’, "Analysing
and modelling the periphery*, *Neuro-
physiology and neural _information,
*Psychophysics of pure and com-
plex tones”, and "Hearing Impairment
research”. Diek Duifhuis

three of the most senior investigators of
the question "Why do we hear sounds
the way we do?"

The field of research into the basic
mechanisms of hearing for the last dec-
ade has been exceedingly dynamic,
with the discovery that the “sensory"
cells in the cochler, are not simply sen-
sory. The outer hair cells are motor
cells and are probably the fastest mov-
ing cells in the body. What is not clear
in 1990 is just how fast these cells
are.  Direct measurements of co-
chlear structures in vivo have been
used to imply that they must drive the vi-
bration of the cochlear partion up to
the highest audible frequencies by bats
(100 kHz), whereas the most convincing
evidence in vitro suggests that they may
respond up to about 3 kHz and one re-
port suggests perhaps 8 kHz and anoth-
er 30 kHz. The resolution of this conflict
is absolutely central to the whole field
of endeavour because it places con-
straints upon the actual mechanism re-
sponsible for fine frequency selectivity
in mammals. In turn, the elucidation of
this mechanism will critcally determine
models for explaining most psycho-
physical phenomena including masking
phenomena and the origins of sen-
sorineural hearing loss and how to treat
and prevent it.

Since a popular view is that the outer
hair cells must deliver energy at very
high fraquendies Kios and Crawiord of
Cambridge, England address the ques-
tion of how fast they can move in re-
sponse to cell depolarisation using
patch clamp techniques and this in-
herently requires a detailed discussion
of ion mobilities and membrane con-
ductances. Gitter and Zenner of Tueb-
ingen present evidence for both slow
and fast motilty of the outer hair cells.
The Swedish group headed by Ake
Flock are more interested in slow motil-
ity and analogies with other cell-
shortening mechanisms in the body and
the critical role of calcium control of the
contractilty.

The first unambiguous evidence of
hair cell activity was otoacoustic emmi-
sions, sounds being re-emitted into the
ear canal either spontaneously or in re-
sponse to acoustic stimuli and elucida-

emissions in terms of Van Der Pol os-
lators.

Comparative auditory physiology is
also covered; birds (Manley et al), am-
phibians (Narins and Wagner) and fish
(Fay and Coombs). Dynamic aspects of
the tuning are covered by Pris while
Delgutte separates masking into ex-
citatory and suppressive aspects. Neu
ral encoding has many facets, rate and
temporal coding (Javel et al, Horst et al)
the coding of vowel sounds (Palmer)
and the importance of refractoriness
in neural fiing patterns (Karamanos
and Miler). Higher centre neural inter-
actions are the topics of Rees and also
Eggermont, while binaural and spatial
effects are treated by Melssen Stokkum
and Schellart and Buwalda.

Psychophysical phenomena  include
descriptions of fine details of masking
(Festen and Dreschler) signal detection
of gaps (van den Brink and Houtgast;
Green and Forrest), masking pattems of
complex tones (Kohirausch), and timbre
cues in phase perception (Patterson).
Pitch perception is _represented, data
(Fastl) and models (Gaik and Wolf)

Hearing impairments are treated from
the points of view of loss of frequency
selectivity ~(Florentine and Buus),
pitch discrimination (Moore and Glas-
berg) and formant detection (Tyler et al)
and the handing of temporal in-
formation (Rosen and Smith) in pro-
found loss. Two of the most inter-
esting topics covered in this section
wera the effects of outer hair cell lesions
on frequency selectivity (Smith, Moody
and Stebbins) and two tone effects in
hydropic cochleas (Cazals and Homner).

The volume is a stimulating collection
of pieces of a jigsaw puzzle which con-
stitutes current basic hearing Science,
and for this reason is a valuable refer-
ence to add to many such volumes
which have been produced beforehand
and since. The field is certainly imbued
with a high level of expectation that re-
cent insights will give rise to a sub-
stantial piecing together of the puzzle
before too long.

Eric Le Page

Eric Le Page is head of the Hearing
Unit at the National

*Dowthouse), Wiebe Horst and Hero
Wit are mathematicians and psycho-
physicists with a particularly broad ap-
preciation of auditory non linear phe-
nomena. The forward is by Manfred
Schroeder and the review papers are
by Reiner Plomp and Eberhard Zwicker;

tion of these has involved a
whole series of manipulations of these
emissions by physical, e.q. tones (Nor-
ton et al); pharmacological, e.q. aspirin
ingestion (Long et al) means and by
contralateral - stimulation (Kemp and
Souter). The editors have produced ad-
vanced descriptions of the spontaneous

Acoustic Laboratories. He is an en-
gineer/physiologisymusician and his re-
search interests include basic mechan-
isms of hearing, hair cell motilty and
individual human susceptibilly to hear-
ing loss.
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NEW PRODUCTS

BRADFORD

CSR Bradford Insulation has launched a
new range of products onto the Australian

glasswool factory in the world. The products
are manufactured by the revolutionary TEL'
process and a new $67 million factory has
been buil at Ingleburn in Sydney to house
the hitech equipment necessary to man-
ufacture the new products. The new process
allows Bradford Insulation to_ produce an
even greater range of products. Glasswool
blankets, batts, slabs and preformed sec-
tions are all available in a range of densities
to meet the needs of the industrial, com-
mercial and retail markets. With the new
products come added benefits. Softer to
touch, the new products are better to handle
for easier installation

Further information: contact the Bradford of-
fice in your capital ity.

BRUEL & KJAER
Vibrometry System

During recent years there has been an i
crease i i incdence of handam sensory
impairment disorders, such as Carpal Tunnel
Syndrome and Hand-Am Vibration Syn-
drome.  Causally related factors for these
syndromes include repetitiveness of work,
hand position, duration of usage, force of
grip, and excessive exposure to vibration.
Medical effects include tingling, numbness

and blanching in the fingers. Early identifica-

tion is an important factor In the treatment of
these disorders. Bruel & Kjaer's Vibrometry
‘System Type 9627 provides a quick, reliable,
non-invasive method for assessing the state
of the sensory system in the hand, and thus
provides early detection of these syndromes.
The system measures the vibrotactile sen-
sitivity of the hand across specified fre-
quencies and automatically records the re-
sults. The menu-driven system is easy to
use, and a complete test of one finger takes
about five minutes.

Ear Simulator

Ear Simulslor for Telephonometry Type
4185 is designed for telephon
ments requiring an e couplor. The
4185 converts the acoustic signal from an
earphone into an electrical equivalent which
takes into account the response of the hu-

ear. This means measurements can be

done under well defined acoustical condiions.
which is a great advantage when comparing
different designs. A useful feature of the
4185 s the buit-in minature sound source,
This enables you to check the quality of the
seal between the earphone and the 4185.
Further information: Bruel & Kjaer,
24 Tepko Rd, Terrey Hills, NSW 2084,
Tel: (02) 450 2066

CIRRUS
Sound Exposure Meter

The Girrus CRL 701 Personal Sound Ex-
posure meter is the first of a new generation
of sound exposure meters combining the per-
formance of older style dosimeters with con-
ventional and ntegrating sound level meters,
and data loggers. The units are designed to
comply with the s00n to be published IEC
standard for such instruments, and offering
unparalleled accuracy and performance.

Losaime
(c o 8 4Swss o

qure up to 18,000 Shot Leat dlomerts ol
lowing 8 hours continual use at
rato 012 socond, T dta can o trans
ferred to an MS-DOS computer for analysis
using Cirus' Acoustic Editor software which
will allow detail investigation of the logged
noise environment

Octave Analyser and SLM

‘The CRL 237B s a combined octave anal-
yser and sound level meter. It has 10 octave
bands centred on frequencies from 31.5Hz to
16kHz and may be used unweighted (inear)
or, uniquely, weighted o either of the inter-
nationally accepted "A" or 'C* curves over a
full range from 20dB to 154dB. In common
with many other Cirrus units the CRL 2378
has a "Max Hold" function for all of its re-
sponse speeds - S(ow), Flasy), and |
(mpulse).

‘The 2378 cannot only accept inputs from
microphones, but can utiise special accelera-
tion and velocity pick-ups to measure r.m.s.
Addtionally, the CRL 2378 can
use a CC182A Acoustic Coupler for Audiom-
eter Calibration, 10 allow field calibration and
verification of audiometers.

Integrating Sound Level Meter

T new Gmm CRL 286 itopaing
Sound Level Meter combines the

sign used in it sister unit; the CRL 255, with
the reliability of modern micro electronics.
The unitis housed in a similar die-cast metal
case to the one used for the CRL 254 In-
tegrating meter suplied 10 the British Armed
Forces. The British made CRL 256 has the
capabilty to measure Leq, Peak as well as
conventional Sound Level on both A and C
weightings. With its big acquisition range the
CRL 256 is perfect for those involved in i
dustrial noise measurements as part of hear-
ing protection programes.

Peters Screening Audiometer

The Peters Screening Audiometer, AP27,
s a fully portable manual screening audiom-
eter and has 8 test frequencies from 250 Hz
10 8KHz thus covering the recommendations
of both the IEC and the American OSHA
specifications and complies with all the rec-

The CRL 701 will provide a direct printout
of i's stored data in a summary report onto a
serial printer or directly into proprietary soft-
ware, such as databases, allowing com-

to

Executive.

instruments is totally “user friendly* having
simple, easy to use controls and a front panel
indicator showing both the intemal state of
the batteries and also the presence of a sig-
nal during the tests procedure. In addition a
patent response swich can bo atiached to

be undertaken. It can also provide direct
readout of any of ifs chosen parameters via
the units own display. The CRL 701 can ac-

allow the test
Further information: MB & »c/ Dawﬂson, 17
Roberna St, Moorabbin Vic 3189

Tel: (03) 555 7277
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FOCUS GROUP REPORTS . ...

6. Sound Intensity
Facilitator - Marion Burgess (ADFA,
Canberra).

This group functioned as a "common-
interest* group in which members were
able to share experiences regarding
measurement equipment, techniques
and environments. Most of the 15 or so
group members had access to sound
intensity equipment and there was gen-
eral agreement that this is a relevant
technique today.

Some of the discussion points:-

There is a need for good quality, port-
able, one-third octave intensity systems
for field use, as the "laboratory" type
systems tend not to be truly portable.

Some of the practical uses to which
sound intensity had been put by group
members included:-

+ noise exposure identification/

locatior

noise source ranking;
sound power determination on sec-
tions of pipeline; and
identifying enclosure leaks.
A new area of work is measurement
of intensity under various flow condi-
tions, for which there is now a probe
Members mentioned pro-
blems of wind effects when using stan-
dard probes.

Most members preferred to use a
“scanning’ technique over a ‘“point"
measurement technique. There is a
need for the proposed ISO standard to
standardise scanning methods. The
use of robotics for scanning was raised
as a possibility.

Members were impressed by the
work of F. J. Fahy. It was suggested
that the A.A.S. should consider the pos-
sibility of bringing Fahy out to Austra-
lia, perhaps around the time of Inter-
noise 1991, to run a sound intensity
course. The course could be either re-
search based or practically based. Mel-
bourne was suggested as a possible ve-

ue.

John Macpherson

AWARDS

The Excellence in Acoustics Awards
for 1990 have just been announced.

The winner for Category 1 - Acousti-
cal Design is Peter Knowland & As-
soc for the Aoteu Centre, Auckland,
New Zealand.

‘The winner for Category 2 - Engineer-
ing Reports is Dr. Qunli Wu for the

PhD thesis on "Determination of the
size of an object, and its location in a
cavity, by eigen frequency shifts".

More details on these awards will be
included in the next issue.

INDEX
Volume 18,1990
A - ARTICLES
CHEN Q, BROTCHIE J F, SHARPE R,

BOOK REVIEWS. ...

Inter-noise 89 Proceedings
George C Mailing (Editor)

Noise Control Foundation, 1989, pp 1312.2
Orders: Noise Control Foundation, PO Box
2469 Arlington branch, Poughkeepsie, NY
12603, USA. Price US$100

(plus $45 for airmail)

The theme of Internoise 89, which
was held at Nswpnn Beach, USA,

, M,No2,39-43
Knowledge Based System for Rail
Noise

FLETCHER N, PERRIN R, LEGGE K,
No1,9-13

Nonlinearity and Chaos in Acoustics
KATO Y, YAMAGUCHI S, No 2, 4550
A Prediction Method for Probabilty
Distribution of Road Traffic Noise at an
Intersection

POLLARD HF, No 1, 19-23

Natke Conrar  The Proceedings
contain 267 four to six page papers
on a wide variety of topics.

“Criteria for Controlling Noise and Vi-
bration", by Leo Beranek, was one of
the distinguished papers.  This 42
page paper provides an overview of
the various criteria for indoor and out-
door exposures. He also refers to the
non-logarithmic unit for sound exposure,
the pasqual. The second distinguished
paper was given by Jiri Tichy on “Noise
Control Applications of Sound Intensity".
This 23 page paper includes the appli-
cations to sound power measurements,
transmission loss, sound absorption,
source identification, propagation and
diffraction.

The contributed papers are classified
into nine main categories: General (9
papers), Emission: Noise Sources (46),
Physical phenomena (9), Noise Con-
trol Elements (36), Vibration and
Shock (16), Immission - Physical As-
pects (39), Immission - Effects (28),
Analysis (77) and Regquirements (7).
With such a large range of topics cov-
ered, the proceedings will be of interest
to all those concerned with any aspect
of noise control technology.

Marion Burgess

Timbre
POLLARD H F, No 3, 65 - 69

Timbre Measurement

RANDALL R, No 1, 1518

Introduction to Condition Monitoring

B - REPORTS

LAWRENCE A, No 1,25

Inter-Noise 8
POTOCKI M, NO 1, 14

Standards Australia

C - AUTHOR INDEX

Anderson M, 39
Brotchie J F, 39
Chen Q, 39
Fletcher N 9
Kato Y, 45
Lawrence A, 25
Legge K, 9
Perrin R, 9
Pollard H F, 19,65
Potochi M, 14
Randall R, 15
Sharpe R, 39
Yamaguchi S, 45
D. INTERVIEW

Caldersmith G, No 2, 51-52
Neville Fletcher

INDEX

Waves in Random Media

In January 1991, the Institute of Phys-
ics is launching a new quarterly journal
called Waves in Random Media which
will provide a forum for the publication
of papers covering new and original the-
oretical developments and new experi-
mantal or numerical studies demonstrat-
ing basic principles and theories.
Further _ information: IOP ~ Publishing
Ltd, Techno House, Redclitte Way, Bris-
tol BS1 6NX, UK.

Inside front cover

Eden Dynamics
ETMC........co.

Flakt.
Great Aust Sound Co.
Metrosonics Inc.....

Roadors are asked to mention hs publcation
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FUTURE EVENTS

* Indicates an Australian Conference
1991

* July 8-12, SYDNEY
INTERNATIONAL MECHANICAL
C

February 24-27, ATLANTA

35th CONVENTION OF AMERICAN
INSTITUTE OF ULTRASOUND IN
MEDICINE

Details: AIUM, 4405 East-West High-
way, Suite 504, Bethesda, MD 20814,
USA

April 29 - May 3, BALTIMORE
MEETING OF ACOUSTICAL SOCIETY
OF AMERICA

Details: Acoustical Society of America,
500 Sunnyside Bivd, Woodbury, NY
11797, USA

May 4-5, ANNAPOLIS
INTERNATIONAL SYMPOSIUM ON
MUSICAL ACOUSTICS

Details: Catgut Acoustical Society, 112
Essex Ave, Montclair, N.J. 07042, USA.

May 7-9, BALANTONFURED
9th FASE SYMPOSIUM

Details: Optical, Acoustical & Filmtech-
nical Soc., H-1371, Budapest, PP Box
433, Hungary.

July 1-4, LE TOUQUET
ULTRASONICS INTERNATIONAL 81
Details: Ultrasonics International 91,
Butterworth Scientifc Ltd, P.O. Box 63,
Westbury House, Bury St, Guildford,
Surrey GU2 5BH, UK.

ONGRESS

Details: Conference Manager, Institution
of Engineers, 11 National Circuit,Barton,
ACT 2600

July 15-19, SOUTHAMPTON

4TH CONFERENCE ON RECENT
ADVANCES IN STRUCTURAL
DYNAMICS

Details: Conference Secretary, ISVR,
Southampton SO9 SNH, UK.

August 19-24, AIX-EN-PROVENCE
12TH INTERNATIONAL CONFER-
ENCE ON PHONETIC SCIENCES
Details: Secretariat, Universite de Pro-
vence, 29 Avenue Robert Schuman
13621, Aix-en-Provence Cedex 1,
France.

October 8-10, THE HAGUE

3rd INTERNATIONAL SYMPOSIUM ON
SHIPBOARD ACOUSTICS

Details: Ms Meinardi, TNO Corporate
Communications Dept, P.O. Box 297,
2501 BD The Hague, The Netherlands.

November 4-8, HOUSTON

MEETING OF ACOUSTICAL SOCIETY
OF AMERICA

Details: Acoustical Sociaty of America,
500 Sunnyside Bivd, Woodbury, NY
11797, USA.

* November 25-29, MELBOURNE
ASIA - PACIFIC VIBRATION
CONFERENCE 91

Details: Conlerance Convenor, Centre
for Machine Condition Monitoring, Mo-
nash Universy, Glayton, Viconta 3166
 November 26-28, BRISBANE
WESTERN PACIFIC REGIONAL
ACOUSTICS CONFERENCE IV
Details: Conference Convenor, P.O.
Box 155, North Quay, Queensland
4002.

* December 2-4, SYDNEY
INTER-NOISE 91

Details: IPACE, P.O. Box 1, Kensington,
NSW 2033

1992

May 11-15, SALT LAKE CITY
MEETING OF ACOUSTICAL SOCIETY
OF AMERICA

Details: Acoustical Socity of America,
500 Sunnyside Blvd, Woodbury, NY
11797, USA.

September 3-10, BEWING

14th ICA

Details: Institute of Acoustics, Chinese
Academy of Sciences, P.O. Box 2712,
Beijing 100080, China

. SUSTAINING MEMBERS

AQ-VIBE DIVISION
AQUA-COOL TOWERS PTY LTD
67 PRINCES ROAD

RIVERSTON 2765

AASSOCIATION OF AUSTRALIAN
ACOUSTICAL CONSULTANTS
SCIENCE CENTRE FOUNDATION
PRIVATE

DARLINGHURST 2010

BHP STEEL,

COATED PRODUCTS DIVISION
SHEET & COIL PRODUCTS

POBOX 77

PORT KEMBLA 2505

BILSOM AUSTRALIA PTY LTD
19 TEPKO ROAD

| TERRY HILLS 2084

"BORAL AUSTRALIAN GYPSUM
676 LORIMER STREET

PORT MELBOURNE 3207

CSR BRADFORD INSULATION
PO BOX 1754

NORTH SYDNEY 2059

BRUEL & KJAER AUSTRALIA
PTYLTD

PO BOX 177
TERREY HILLS 2084

FOAMLITE AUSTRALIA PTY LTD
PO BOX 331
SUNNYBANK 4109

G P EMBELTON & CO PTY LTD
147-149 BAKERS ROAD
COBURG 3058

INC CORPORATION PTY LTD
22 CLEELAND ROAD
OAKLEIGH SOUTH 3167

JOYCE AUSTRALIA
5-9 BRIDGES ROAD
MOOREBANK 2170

NAP SILENTFLO PTY LTD
51 NORFOLK STREET
GLEN WAVERLEY 3150

PEACE ENGINEERING PTY LTD
2/20 MARIGOLD STREET
REVESBY 2212

FLAKT RICHARDSON
SOUND CONTROL.
PRIVATE BAG

WEST FOOTSCRAY 3012

REINFORCED EARTH PTY LTD
70 CHIVERS ROAD
SOMERSBY 2250

SOUNDGUARD

A Division of Pyrotek Pty Ltd
147 MAGOWAR ROAD
GIRRAWEEN 2145

. STRAMIT INDUSTRIES LTD

52 MANDOON ROAD
GIRRAWEEN 2145

THE CHADWICK GROUP
292 BURNS BAY ROAD
LANE COVE 2066




Real-tlme Frequency Analyzer
b g Type 2143

o

Whatever problem you are working on (quality control, noise and vibration analysis or environmental
noise, for example), this Briiel & Kjer “go-anywhere” analyser gives you the perfect solution.

Designed for use in the field, it offers you:

@ True portability (it weighs less than 10kg) ® Advanced triggered multispectrum facility @ Battery
operation 1/1-, 1/3-, 1/12- and 1/24-octave digital filters @ A back-lit display ® PC/MS-DOX compatible
disk format @ A water-resistant front panel ® A large non-volatile memory for over 512 1/3-octave
spectra @ Direct, preamplifier and charge inputs @ Option for F.ET. operation @ Easy operation with
on-screen help function ® Output to a variety of printers ® Option for two channel upgrade.

" - NEW SOUTHWALES. WEST AUSTRALIA  VICTORIA QUEENSLAND
Bl'ue| & Kjar (02) 450 2066 (09) 4810189 (03) 370 7666 (07) 252 5700



