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NEWS-------
ACT
February Meeting

On 20th February,a group of eighteen
toured the Civil Aviation Authority
Laboratories which have only recently
been completed. Colin Gray, the
Manager of the MeasurementLaboratory,
gave a short explanation in the range of
investigations undertaken which have
included sonic boom measurements,
noise certification tests and follow up of
complaints.

The group were then taken on a tour
of the various areas and Colin was
assistedby Bob Lam who conducted one
group. The storage and retrieval of data
is vitally important to a calibration
laboratory, so this information is filed in
the Data Storage Room which is located
adjacentto the DataAnalysisRoom. Here
the procedure for digital storage of the
acousticdataforanaircraftflyoverand
subsequent determination of the
descriptors, EPNL etc, were explained.

The reverberationtime of the room, which
can be used for tests on the intelligibility
of signals, can be changed by the
placement of curtains and floor covering.
A tape which highlighted the difficulties
in understandingspeechwith a translation
error of approx 300 Hz and for an AM
transmission with high background noise
was played.The Anechoic Chamber,with
internaldimensionsoftheorderof3.5m,
is available for investigations requiring
such a controlled acoustic environment.

The other areas visited included the
screened RF Room, the Electrical and
AcousticCalibrationRooms as well as the
Electricaland AcousticStandardsRooms.

The group was then taken to the
special acoustic room in the
Communications section. Max Peace
explained the use of the room for testing
broadcast systems.Eric Taylor, who was
consultant for the acoustic design of the
room, summarised the criteria for which
the roomwasdesigned and describedthe
various types of absorbers which were
used to obtain the required reverberation
time over the frequency range.

The tour was most interesting and
showed the range of work undertaken by
the staff at the Laboratory.Over half the
groupenjoyeda Thai Banquetatanearby
restaurant after the meeting.

April Meeting

Twentypeople attended a Discussion
on the ACT Noise Control Act on
2 April. The ACTNoise ControlOrdinance
,was introduced in November 1988 and,

followingself government for the ACT,the
name was changed to Noise Control Act.
The stated intention, at the time of
introduction ot theOrdinance, was that
there.would be a review after a twelve
month period. This meeting formed one
part of this review process and provided
the opportunity for all those interested in
the area of.environmental noise in the
ACTto discuss issues relatedto the Noise
Control Act.

Hugh Crawley, the Pollution Control
Authority for the ACT, commenced the
discussion with a review of the
environmental noise aspects of the Act.
He advised that the Manual was in the
process of being gazetted and should be
available within a few weeks. George
Knight, Officer in Charge of Policy,from
the Environment ProtectionSection, then
outlined some of the areas of the Act
which, in the light of the experience,
needed particular attention during the
review. In the vehicle noise area, these
included noisy items on vehicles (eg
garbagetrucks),andex1ensionofthe
provisions to deal with noise from trains
and aircraft, especially helicopters.
Problemshad been experiencedwith use
of the assessment of annoyance related
tobackgroundnoiselevels,particularly
when there were special characteristics
for the sound.

Ron Manly, Senior Technical Officer,
reported that the major number of
complaints had been related to amplified
sound (:;;>40%). Following receipt of
complaints, it was now general policy to
measure the noise. The negotiation was
considered to be important and not a lot
of Notices had been issued. The officers
had to consider that noise may just be
one issue in neighbours disputes and in
some instances people had unreal
expectationsofa quiet life in suburban

In the general discussion, sorne
legislativeaspectsof Acts in the ACTwere
identified as limiting the extent of the
review.In particular this relatedto the lack
of discretionary powers which meant that
assessment of annoyance could not be
based on consideration of audibility of
noise. More cooperation between ACT
GovernmentDepartments would assist in
resolving problems efficiently or perhaps
dealing with potential noise problems at
the planning stage.

It· was agreed that the Society could
playa role in encouraging the
Government to undertake the reviewand
implement the recommendationsas soon
as possible. The discussions continued
during dinner at a nearby Club.

Marion Burgess

SA
March Technical Meeting

On 14March John Lambert, Manager
of the Noise Abatement Branch, Dept. of
Environment and Planning spoke on
"Annoyance from Noise".

In two recent surveys it was idenlified
that noise is the single most annoying
factor that concerns people in the
community. Noises ranged from barking
dogs to road traffic and aircraft. Despite
this do we really understand what noise
is and how it differs from sounds that are
not noisy?

In almost every text book on acoustics,
noise is defined as "unwanted sound".
However, the apparent simplicity of this
definition is deceiving. The factors that
make one sound enjoyable and another
unwantedarecomplex,andvarynotonly
with the volume and characteristicsof the
the noise, but also with the physical and
psychological condition of the person
listening. Some of the relevantfactorsare
the mood oftheindividual,identification
with the sound, particular needs (e.g.
sleepj,existinglevelofstressandphysical
conditions such as tinitus or recruitment.

John discussedsome of the wide range
of factors that cause a noise to be
annoying to individuals. He also spoke at
the methods applied in legislation that
attempt to describe the subjective nature
of noise. Included in this discussion was
some of the methods being considered
for inclusion inthe proposedamendments
to the SA Noise Control Actwhich is likely'
to be amended in the early part of 1990.
May Technical Meeting

Adrian Jones spoke on "Automotive
Muffler Design" on 30 May.

The design 01 mufflers for motor
vehicles has traditionally been trial and
error based. This is still true of much of
the vehicle exhaust industry. Recently,
computer-based models have been dev
eloped for use in the acoustical gas
dynamic segments of exhaust system
design. These computer models are
generally based on a linear acoustic
analysis of the pulsating gas flow in the
exhaustsystemand sound radiationat the
tailpipe outlet.The use of one such model
is described.

In using the computer model, the
insertion lossor muffling effect caused by
making a particular change to any part of
the complete exhaust system may be
predicted.Also an estimatemay be made
of the absolute levelof the noisespectrum
radiated by an engine with a particular
exhaust system.As comparisonsbetween
calculations and measurements from
complete vehicle tests show, accuracy is
very good and is adequate for design
purposes. David Bies



NEWS ...

OLD
Technical Meetings

On 28 February the meeting
commenced with dinner at the City
Rovers Restaurantwhich was followed by
a visit to Central Plaza 2. Ron Rumble
and Ross Palmer led an examination of
some "Innovative acoustic designs in the
air-conditioninqand emergencygenerator
plant rooms".

A demonstration and presentation on
the Bruel & Kjaer Real Time Frequency
Analyser,type2321,wasgiven by Roger
Upton on 29 March. Roger is from the
Acoustics Research Division of Bruel &
Kjaerin Denmark.

A discussion on prediction of noise
from industrial air conditioners was held
on 4 April. It was led by Terry Connolly,
President of the Qld Air Conditioning
Specialists Association and Warren
Renew, Senior EnvironmentalOfficer,Qld
Division of Environment.

Warren Middleton

VICTORIA
April and June Meetings

On 9 April, Mike Gregory from G.P.
Embelton and Co spoke on the design
and construction of suspended floor
systems.

The June Technical Meeting was held
at the CSIRO Division of Building,
Constructionand Engineering,Highetton
7June1990.lanShepherdspokeonthe
developmentof activecontrol for reduction
of noise in air handling systems. Active
control is similar in principal to active
attenuationbut applies a small amount of
sound power close to the source of the
noise, thereby cancelling the noise
generation mechanism before large
sound powers are developed. In active
attenuation, sound power is directed to
cancela noise that is already fully
developedand hence often requires large
amounts of power.

The talk was followed by a tour of the
air flow laboratory where active control
and acoustic modelling were
demonstrated.The group then split in two
to visit either the large air flow rig or the
acoustic chambers.

INCE
At the Annual Meeting of the Institute

of Noise Control Engineering (lNCE) in
Newport Beach, California on 1989
December 03, four new INCE Directors
were elected to serve for a three-year
term. William J. Cavanaugh, Robert
Hickling, David Lubman and Knut S.
Nordby were elected to the Board.

At the Annual Meeting of the INCE
Board of Directors, also held on
December03,the Board elected Nancy
S. Timmerman of MASSPORT in
Boston, Massachusetts as President
Elect. She previously served INCE as
Vice Presidentfor TechnicalActivitiesand
as Vice President for Membership. She
will become President in 1991.Raymond
Cohen, Professor of Mechanical
Engineering at Purdue University was
Executive Vice President in 1989 and
became the 1990 INCE President.
Stephen I. Roth of the Aluminium
Company of America was re-elected as
Secretary, and James G. Seebold of
Chevron was re-elected as Treasurer.

The Proceedingsof INTER-NOISE 89,
held in California,USA, are now available.
They include 262 papers and two
distinguished lectures: "Criteria for
Controlling Noise and Vibration" by Leo
L. Beranek,oneofthefoundingpartners
of Bolt Beranek and Newman, Inc., and
"Noise Control Applications of Sound
Intensity" by Jiri Tichy, head of the
graduate program in acoustics at The
Pennsylvania State University.

Copies of the INTER-NOISE 89
Proceedings are available from Noise
Control Foundation. The two-volume set
of proceedings contains 13t2technical
pages, and is available for US$100.o0.
Shipped postpaid except that overseas
orders must add US$45.00 if shipment
overseasis to be by air.Payment must be
in U.S. Funds on a U.S. bank or a bank
that has a correspondent relationship in
the United States. Order from Noise
Control Foundation, P.O. Box 2469
Arlington Branch, Poughkeepsie, NY
12603, USA.

NOISE-INDUCED HEARING
LOSS - PREVENTION AND
REHABILITATION

Worksafe Australia and the University
of New England will jointly convene a one
day seminar series on the above topic in
November 1990.

The speakers will be Dr Louise Gelty
and Dr Raymond Hetu (AcousticsGroup,
Montreal University), Dr Bill Noble
(Universityof New England) and Dr Dick
Waugh (WorksafeAustralia).

The seminars will present the resultsof
recent research into psychological and
social factors related to hearing
impairment and their implications for
preventionand rehabilitationprograms for
noise-inducedhearing loss.They will also
feature the national strategy and
informationmaterials being developed by
WorksafeAustralia for the prevention of
occupational noise-induced hearing loss.

It is planned to hold seminars in
Brisbane, northern NSW, Newcastle,
Sydney, Melbourne, Adelaide and Perth.

Toreceivea brochure please telephone
(067)732788,fax(067)733204orwriteto
Hearing Seminars, Department of
Continuing Education, The University of
New England, Armidale, N.s.W. 2351.

The Victorian Occupational Health and
Safety Commission has released their
draft Noise ControllHearing Conservation
Regulations and Code of Practice. The
Commission closed public comment on
the draft on 15th June 1990. Following
considerationof public comment and any
necessary amendments, it is expected
that a final recommendation will be made
to the Minister of the Department of
Labour, Victoria. The anticipated
commencement date for the regulations
andcodeofpracticeis1January1991.

Perhaps the most significant aspect of
the draft is the proposal that from 1 July
1997,engineeringdesigntoensurenoise
exposure does not exceed an LAeq8 of
85dB(A) be enforced.

NSW
Technical Meeting

Don Woolford spoke to the June
Technical Meeting on the apparent
paradox that many musicians whose
hearing by normal standards would be
considered significantly impaired are still
able to perform acceptably, even
outstandingly.

Many studies have shown that
professional musicians quite commonly
have noticeably impaired hearing,
sometimes to the extent of 40dB loss at
250Hz. As with other occupations, it is
usually difficult to assign a cause of loss
with great confidence, though there
appears to be little doubt that some of it
is due to the occupational hazard of long
exposure to high sound levels. Despite
their hearing losses, these musicians
carryon their profession in a manner
judged satisfactory by their colleagues
andthepublic,yetiftheordinaryinduslrial
criteriawereapplied,manyofthemwould
becomeWorkers'Compensationcases
a fate which most do not want and a
prospect which leads to a certain
reticence in discussing the problem.

The speaker did not claim to have an
explanation for the phenomenon. As he
pointedout, however,the industrialcriteria
were developed in relation to speech
impairmenl. In the musical situation, the
hearing loss may be masked by the
operation of other brain functions.
Musically important harmonics may fall in
a frequency range where hearing loss is
less marked. Whatever the explanation,
it is clear that the insensitive application
of 'objective' hearing loss criteria to
musicians will lead to manifestly unjust
results when compared with the
subjective assessments of their peers.



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
Committee on Membership.

New South Wales
Mr L W Mar, Mr K Mikl, Mrs N M Murray,
MrM P Potocki.
South Austra/ia
Mr AC zander

Victoria
Mr D J Dolly, Mr N A J Goddard

• Graded
We welcome the following new

memberswhose gradings have now been
approved.

Student
Victoria
Mr J A Grant, Mr C P Huybregts

Subscriber
I-IksternAustralia
MrTC Reynolds

Member
New South Wates
Mr J C Gray (ACT), Mr G Jenner,
Mr M M Poon, Mr G Tanos, Mr Q Wu
South Australia
Mr PA Heinze, DrJ Pan
Victoria
Mr D M Edwards, Mr M Padalini

NEW JOURNAL EDITOR
Neville Fletcher has been appointed

to the Advisory Board of 'kustica" and
to the Editorial Board of "Applied
Acoustics".These two well-knownjournals
cover rather different aspects of the
subject. Applied Acoustics, as its name
implies, is concerned with practical
applicationsofacoustics,andpapers
should be written with a readership of
practical acousticians and engineers in
mind. Acustica publishes papers on all
branches of the subject, including those
with high mathematical content. Neville
has no role in accepting papers for
publication,but would be happy to provide
advice to intending authors of either
journal and to pass on reader'scomments
to the journal management. His address
is Department of Electronic Materials
Engineering, Australian National
University, Canberra 2601. Phone:
(06)2494406.

OBITUARY
Alec Clemson CLUTTERBUCK
1920·90

Alec grew up on a small farm in the
KiewaValleyand wasa motor mechanic's
offsiderwhenwarbrokeout.Hepromptly
joined up with the RAAF as ground crew
and had gained his 'wings' as a pilot in
Canada. As a returned serviceman he
commenced a part-time rehabilitation
course (for the Communications
Engineering Diploma) while working as a
mechanic to support his young family.
However, poor health prevented
completion of the course but left him with
a lifelong interest in higher education.

His entry into the field of acoustics
came when he was appointed by
Insulwoolto a new position designingand
selling acoustic products, especially duct
silencers. He started in Melbourne (1963)
and was supposed togo to Sydneyto run
the operation from there. As it happened,
the field grew enough to support another
person, and Caleb Smith filled the NSW
post. Alec and Caleb became close
friends.

Alec started his own firm, Applied
Acoustics, in 1972.The main interest of
the firm was originally design and
construction of duct silencers; acoustic
enclosures and booths, but gradually
became directed towards background
sound conditioning. Alec's pioneering
spirit let him into commissioning a chip
to control the output devices so that
individual projects could use standard
components. III health prevented full
exploitation of this technology.

Outside of his work, he was also
enthusiastic in supporting the industry as
an affiliate member of the Acoustical
Society.He wasa driving force behind the
Personal Emergency Service and often a
member of his church's Board. He
rediscovered his love of horses and the
high country and went on roughriding
trips into the bush for a week at a time.

For his last few years his health went
downhill due to bone cancer, but he still
gave all his interests all the time and
energy he had. He passed away on
2612190 after three months hospitalisation.

Wendy Saunders from Gippsland
Institute joins the three students,
announced in last issue of Acoustics
Australia, in being awarded the H. Vivian
Taylor Memorial Prize for excellence in
studies in the field of acoustics. Each of
the recipients will receive a cash prize of
$150,oneyearsstudentmembershipto
the society and a certificate.

As of 1st July 1989 Pryce Goodale
and Duncan (Adelaide) merged with the
national consulting engineering company
Bassett ConSUlting Engineers. The
combined Adelaide office is now referred

to as Bassett PGD ConSUlting
Engineers.

Several changes havealso occured in
the Adelaide office with Michael Pryce
retiringbut still acting in a consultativerole
to Bassett PGD. Just prior to the merger
Dr Peter Swift was appointed a director
and put in charge of the acousticssection.

Dr Peter Swift, whilst attending the
1990 Australian Acoustical Society
Conference in Perth,officiallyopenedthe
Bassett's Perth Office acoustical section
which is headed by Perthbased engineer,
Tim Reynolds. The opening was
attended by government personnel,
architects and other clients.

NEWS ...

WA
March Technical Meeting

About 17 members and friends
disturbed their sleep on 22 March to
attend a breakfast meeting on Sleep
Disturbance! The speaker was Prof.
Ragnar Rylander,from the Department of
Environmental Hygiene, Unlverslty of
Gothenburg,Sweden.His talk on "Recent
Advances in Environmental Noise
Annoyance" contained an interesting
dose-response relationship between
extentof annoyanceand number of heavy
vehicles; in which the percentage of
people highly annoyed increasedwith the
number of heavy vehicles up to a point,
then flattened out. This provoked some
healthy debate. The breakfast format
worked well, with the meal at 7.00am,and
talkfrom7.30-aOOam, leaving attendees
time to go to work.

John Macpherson

"Interior Noise Climates"
AAS 1989/90 National Conference
Perth, 19·20 April, 1990

About 75 delegates enjoyed two
pleasant days at the, Cottesloe Beach
Resort absorbing the fine acousticalwork
of some twenty authors and two
exceptional keynote speakers, Prof.
Harold Marshall (New Zealand) and
Mr Louis Challis (Sydney). Highlights
included Mike Norton winning the
jnauguraIPresident'sprize,theFocus
Groups- and the splendid conference
dinner. After the disappointment of
postponing last year's conference (due to
theairlinesdispute),thesuccessofthis
conference was sweet indeed, and this
committee wishes to thank members and
helpers for their support.

A full report will appear next issue.
John Macpherson
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imP#'« end 10 nUlbli$h guide/inN fO' noise control in '-,rnil design. lUI expert sySI'8ffl r;JI/hHI NO/SEXPr has bHfl

d~ fO .--bIe MId ."tr~,. ~lIIlt 80lNCU of irrformBtion. includ ing lIXPeriMw from Shinl<MIHfl
I.J#Ip¥JJ,r ,." . Gnnde Virnu rr Gv,~). 1nttItCir-(&p.rimenUII (ICE. Getmllttfl llrc. rM lY,rem i3 compo.red
of fi ....modlJIel,incIuding_ inwfWchmrx.thIIn«JOplJpMtllldboo/c'.r.r.ncn!onnllll fMtflfl8NeknuwledfJf/tJ.u.
SfMKhrd,fromrnrxe thtm 10 COCIflflitn tllld inr--DonIIIorgMut1om,noi_ StJ<JIU dom>oJliotl,.HWnI~
mflthod, end rJuidelin6lJ ftx noi'tl control rn6lJsutes c.'Jl! ~ .x~;" othtlt moduin

1. INTRODUCTION
TlMtdwelopmenlofknow\edge-baHd lysta"" ilan8fTl8l'ginog
IlIChno!ogVwhictl hat oMde app lieetion in eng ineering . Already
_ al acous tlc Pfojects Mve,,_ploredlhe uS8 01.,,P'rt
I yslems. A I ysrem called CHINA (Computllfised Highway
Noise Analystl WIS developed by H8"~ et 81 [l J lind Cohn
lit ' I I2J from !he USA to "" Iimate hlghwav noise and 10
..tdresstheproblemofdesigninghighwaynoise blllTillf•. lti .
• rulHlased system written in FRANZ LISP 10 run on . VAX
ll f7BO cornpIW lOO' using an inl""ene. eng i.. ea/1ed GENIE.
Fung FlIi[J ] in Han; Kong and Y~ids al"~] in~~ hll...
in_i911tedknowlltdge ·based system s iof loom ltCClUStU. Thll
Iatler involved . conc. pt.....ldesign iof.nllCOUS!iefield
simullltof and .n upert systsm 'or .ud itorium aCCll.3ticl;
IAROEXI and was deveIopsd in Prolog and FORTRANto fUn
on a mini-comput"" lOG MVI78OOXPI. Fung Fai..,port .lhsta
der'non5tnItionplOtOtVpeusingProlog hnbeendeYeloped but
no 1eChnic.Dl daaihl.o giYen. In tho USA,. arw:nhef . xpert
svsre m called SKUA has been de...eloped by StlInlord
Uftiv""sity [5J to int""prllt vibration data lex the acous1ic81
analysisof mactlinllfV

A VelY Fast Train (\1FT) sys tom is planned to t revel from
Svd""Vto M~bourna (via Canbarra) with one of lh" highett
opeI ating spoocb int .... wortd - 350 krnh1. Train noiH OU(pI.It
is UllU8IIy COOIIidered 10 be pn:JJJOttiorIaIlO the third POW" of
lha~and.hence.th8noisoiaw """' b8c1os1l1v llX8n'lined

bV ai coocemed in thll p' Dject . ...lt8fdecadesofetfoft in
reducing railway noise , oonsiderabl• • ~pertise has bHn
d. lIlIloped 10 ensu re tha t high-speell tr.i .... can be aCl;1lplablll
.nd somet imes Quiet'" then thlI coollllntional low"'Sf)Md".iN
A knowIedge-based .~em, caned NOISEXPT. h", boen
developed in CSIROaod includnlive rnodulos as follow. :

eSta nd n . Thia expiores acceptabOe tfain noiso tol., ance
'8IIels for \he oommon iry based on symhesis of the • • • ing
rel8llBrllregulBlionl.ndstandards , especial lythe ones forf. "
rail. from ....rious eotJnlries tlOd Int., natiooalorganiSlltions.

e Soun: • . Compo""nt 001"" sources .nd thelr characteristics
CIlnb eexeminedlOseeth. ellect sofvarioosparemetllfl

• On leallll ffom '*iing M\rieip.alI....tiM e
ol labour' Protection, ChinB

on noioe emiNion 10 thai poIIIibleno;se oounllln1">fllloUres
can be derived

ePfedi et\On . This provides _ " p'ed iction mett1ods lo'
noiseimpK'lon the""";fOfIfT*ltandincludf:=,agfaphica
pack.g a enabling noise cootours 10 be drawn wtOct>take
intoaccounlnoiSllpropllgatlOOcorrectionssuehu ", ound
effect . screen effect. view . ng le COlTection. Ireck cood ilion
eff~and lOon.

e Con t fol. This provides 8dvic, 1ot noise contfol eng iM8ling
design bllMdoncost-efficient, UMf-optional and feedbsck
~,.

e Raf'rance . This providal rudv access to an alllansive
lItar. ture on railway no ise .

Fig.. e 1 shows the strueture 01 the system indicBting the
..,lationshipbe!wtlenlhesernodu,"

AIthougt> NOISEXPT is dewloped m. inly 10 meet the
requiraments 0 1 eng i.-s wtIo are \ntefes ted in fall ....~ noise
and may heve lillie knowledge 01 seo.-tie$ and Iacl 01 easv
access 10 the small numbef 01 local and international railway
noise e~p_, It can be used IS.., t<MMrlor the COOY8Jl1ianI1
rsilwllY. .. well.

2. DEVELOPMENT ENVIRONMENT
The extant and complexity ol .. ilwa¥ noise experlis. makes
knowledge acquiaitionand~ amlljorproblarnto

bereso/ved .nd thieiscloeelvcoupledwiththechoice of.
"'itebJ a e~pe!t aystem sh~l. nw, . re now many eommefl:ial
expe rt system shlllhI to choose lrorn, 10 IT\IrlY in laet ttl. tit i&
100 time-eonauming to eveluate them.1I beforemakinll achoice.
Since extensivae",*illOCehedproMousl y beenobtainll'd uling
• shell eaJlad CRYSTAL in another engi"" ering project [61, n
was decided 10 use it in this project since it ....d moat 01 the
feallJres desired .These inclo.dedan . bilitvtohBndle very larlltl
knowtedga basesQUlcklyon.PC•• good~<ll'Mron

men l, U$8l"-ffiend ly disple.... locluding menus and cheractar
graphicl;••n .bi 'tv 10 hand le oomplex mathemalic s, and ..,
interlace to . daleb .", systam aswell • • 10 LOIus fjlet. The
main shortcoming is that CRYSTALIe limited to produchon rule
knowledge bases and does nol pe<mit fnllTlflll or object.
(Wiemed progrerTVni!lg. II is ailO limited to low resolution
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ll'8PhiCaowtoictl_......n.bIe in......,.~bul:1hiI

eanbtl_byu:t.mlf .......~Il'~. .. wiII
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3. THE HIGH-SPEED RAIL NOISE PROBLEM
Although __ hl.of1lnd.-Pl"l an reioqy noiM '-e been

publiIhed.lhe~ oI..-uinlhil ... S-v ,_
Wt....ilcomM1Ohig~ lr.int.Ihe~._....
-.dltler."..,.noIbe .....lOJ*U••• In _ «U>lr....

A.c::ow*" .. . dilficull .eWa IrwoMng eom ple. IMoriM
The~.ncl~I"'lIoI~field• ..-d'-v
powertulOOlTlllUl*',.ncl"lill'lH:OlltUming.lnplK1Q.~

.. ngingq~~.lNonIybM~lNtc.nbtl
utedlorooi.. eonuold.-gn.~utuelly..-....lOIof

knoWledge Ifomditf.,.m lI9"C=illtiII hili be com~ to
toIve. tingieproblem. TO..lIlbl ndl<dforenvir<ln-
..-.uoI noiMtromrlilwlylr.tM,diK~alCh.. law .
~v. NtSta. rnedlCll .,....... . ncl .gonomicll. II
weII.~.nMd lObtloombinId....-ithll:OUSticf,lIO

lNt.tubjea... -......ntof ·.. '-v ..... eMIbt1developed·
To conlJOl thI I'OitI !rom I~ ~ not only l8Ilur
knowl..:lg ••bou!-.oundlmiulon.nclpl~but.1so
bpoWtjleonrntehlnic.. ""I"'-l..s.ntl.nclaoon.
0- .1110 bilfoon oI ln__ in !lit Ir . ... is now being

plInnIdInEuroplOVll lhl .... ll1d1G1d1oin..:ld'tionlO • • lenticlm
10Shink_ in JIpM II'\d thlloI~__lII Vega.nd
Rcoidl ••inl in thI USA. RoeInI 'vmpollu.... hlI... beM held
in Seou l. Tl ipe!, Monu _ .nd CI....... Al pi...." . oom
..-dIlly .....bIt> high.-pMd ...... CII'I btl tound only in
JI~.ndFlIOCl.!hl.-~milingthl.~~bilirv(llnoise(1aUl

e W\IIM. noONdlUI for TGV hlI... .-l00m been pubIithed
In G "V. !he In-orv Experinwnlll lICE} lI.in hM mIde
greatplogreull>dtJOkmol •• ilwly . 1el it being built IOfit.
bul it ,..;n nol btl opII.rIng eOfI\ITl8IClIlIy until 1991. This means
thln_ •• peltiMonflll-flilooi.. een be ICQui..,,::Ion1y
thIough lr'l*t'lItlI:INl.ll(:hIog.lnlllhloughthl ~t••~•.

4. SYNTHESI S OF STANDARDS
A1e--flO~-.clIIdI!oI~""'''''''

b~""'*" "'trIffie Of~II"''- bMn
MTllbIiIhId.'ThIQilweynoiM_...tllk flang'lgUIIlion
mlIk.. iI -v c:omplu..

Fnttv• • gu ........ IbouI whictI QUMlPfV. I... L.. Of t.
shouklbolutedtoestirnltllthlplOtMlbll~oI_

comllUlilyscontinulng.SeoondIv.IheVlrilfjgn~thI

plO!JOM'd noiU-..cIM'dlofdillel_ ... lhoIiti.. in dlfl.. Inl
~ilquiM"'Il"·ThiI'd1V.Ihe_iIUonofrelCtiolllol

pIIOPlI.thI ... mlnoiM ...... . -vllrll".
SomI of tn. ......111 t",",,*,d' ....... bMn coIlect1d lOCI

inllMed inIo NOISEXPT. The _ etn in1lf lCt with NOISEXPT
IOdfMllop.lDcalltllndar-dintwod,f1.-w..,.·

_ Based on th" usoq · ,NCtionI to thll e. itling ltll ndllldl :
• SeIectL..c, ....atingQwntilv'ne.t!'OI .. lN~tl

trend. As~ilwly noiM It COfTlPOHd ol . _iM ol
inclividuailMllltl._holwtlidl ..... ~ m ldwith
Lm....rw:r!linee thlIre s. reIItion betw L..c, tnd
Lm....I..-.ur.. c:IIl~ bNldon L..c, 'OO ltMl1 C01l\*tItd

toL...-uting plllCIlcIl(1allltudl •••in lP""d. trilOn
lIU'11be1in'o:-rUIinlir'nlpeliod,lrtinllngthlnlldistlncl
froITltrlCilto'-'-

• A sub;eetNetseeam_ 1tthin .....,. of_hltlndllld
<l5toit5~litv,T'hIf. ... !OUIopt lonllobeMllcted:
l1}lCCfIplOOCCIOditlonlly; 121it ItlllONblyleelplable;
l3lit""vbtl .pplielbll;lnlll4lUf'll<nown.EIctloplion
COITeopondtto • ...,;ghCllCtOIlwJ:1 ,O.0.8.0 .11indO.

• Aeuw-Md~ l6,IfoIthlI~ lIIIue.then
requMtOJd. 1"'- ... difl.-_ 100' -::tl tubjIai...
judg ........ II thown In Ttblt 1.
In the~ Nndtld loo'bu_ _ . two ll'lOll

tv\>Mof_ . . ... IIIIbII: ....·. 1-.fv roo low "
IIId - "' , ... toolow"'. eo...cliclq gf . ll lnll .10..e
Mtuptorr.-thlM lIKtiont.
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TA BLE 1
Co f d d

TA BLE 2
Typica lfan ...a il oo i...

rr ect lOO8 or lUi" .r .
"-Q - """-1Ud.=.of onl"- " alua C_lICtion
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'" 1Ii1a<>caP(allla ,
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Ilmaybor lOO l'lilII' -,
::::: :~~

-,.,
II may ba ""' _ .,

~.8"ld 153 13 2!0 SOO la 2 ~ .~ . ~

sP U d ," 10 0 - 5.\ . 1.2 - 1.2 -1.2 - 1.2 - 1!>0

· A .....,;ghIed _ . ot .... COfrll(Ud ...... .. 1t.n
~ ..... locIInoiM.....d.n..eqwtion-=

l.c _ 30 log lUn OOI + 89

""'*'l.c "tha fQdicl edlJainnoiseata d"lIIanCaof25m
Irom ttMtlrac.\:

In morl dltBilad~. • prlldictionrnartwxl lor ...tI..II••
nQisodtlYalopadby Pwl.. I9L a....,;-arnpirical aquMion lor
_odyNrnicnoillprediction daYeloped byK;ng al llllOI.-.d
Iha Nardicmethodfarnoile prop&gll rion<:all:utlOOna (11.121
_CO'Tl'*-l togolt!'.-lO farm. r<'lCOmmlfldad....thodfoo
..... noiaIprWiction:

....ner. oil it IhenoiM.n..-tion ~ .Ntion to a... . 25 m,
in d BlAl, duelO lhe d~d.inm.

~ _ - 0 6 1d- 25)01 i1d<500m 12I

41. _ 5615 - 12.9 '-' 1d1 ild >500 m 13I

7. PREDICTION METHODS
Save.. 1 prediclion matho,h all availabla in NOISEXPT, till
II mpj_ baing 1M "klogU model" (_ (81Ia<a~emple):

6. SOURCE INFORM ATION
Higt>1IpoMcl II'l,;n..,.... _ coor-Irom~ ooIaction

~~e-. """'1raiI~1l1Iinbody~

bourllIIr'I' lIv-. and excitMiond IRrUCt\nLAI!hough-v
~tlleetric: rr-. oflhlorder al l0MW --'-<CIand
9t.K'N CIOFlOnuoo.IIpowar /'8llng _ ..... in~1rIN,
pOWtlC*ooiIeilnoc~inc:omplrlkll"l~~

.-.d _odyrwnicnoiMat ...."9'~~~.

NOlSEXPTP'O"'id-_inkIrmetion.tlou1~ .-.gina lrnotor

_and ot'*' noiM -.raI (\I tI.
ll:ia~poinlir'lQ OUl IhM .. ltMtlrlinapeed incr_ ,

MrOltynImic ..... l:>eoclr.-mor.and mor.~.~ un
be _from NOISUPT ,~ _ ilo::mparabla

...rth...."..I... noiUln:Jmlhe..-ty~higHpead
train wlth apeedI groat_ ttwon250kmIh , for ltIlampia . o::mpar ing
SPLo. ""ithLmoocinTabIl3.

L.c, - [ E w.n-,; . ~IIl E "";

• B.-don .~Ned_ageot ....~v-ot
.riItJng Ial ,.. -.dwds:

n.n.mod .. I.-dIO~Iht ~

pubIiIf-.d.......WIlhN~.... ..,. ~
..,~~~hfnL.c,- 6f dBlAI lO
L.c,- ee dBlAL

5. TYPICAL NOISE SPECTRUM AND
TYPICAL DISTANCE ATTENUATION

s.-.rnoiM~.In:Jm~ TGV..-.d ICe I7] hIw
~inl:lulNd ~ "" -vmm. SorN_1hown ~ F9st 2.
SpKn from .... ¥Wlout higlHpMd S','SI'DmIo• • hibil . ......
pen .... I... . higtwllMlletlow h q.....a..,. lllllfelltlAat
rnid-ftigh "-"=* (250.2000 Hz) ..-d ••apid dIor_ at
...,hlgh fr~l4OOO-8OlXIHzI.AlIhoughd..,.~

bdifl-...rl1l.~OCCU'atlow lr~..,_•
•fIIItiw~m eenbeobained " __ ~ Fig<.n 3. h ..
1m.. l'fIinIlthilltle_eged ...._noiIeapectrurnlrom
dDlen. of mOPU",d IpIK:tJll it simlllr 10 !he T(;V-A eoech
noiu apectry m 11 290 km '" (M. MallC",r., ~. comm .l. Th.
typi ...,1I pllClrum edoptlKlin NOISEXPTi, lhlrNn in Tebll 2.

BIIed on Ih, .. data and typical Australian metaooologiClll
and ground condrtionl Us oC. 70'\110 RH, g'lIIlIndl, I II I 01
revr-.aionllqUlltionifor ltMtellimetion ol dl. wnce .nlnuation
M,bNrI~lO includigroundetlecl,.ir.baorptionand

g«ItIWtriclftanuat>on:



f::XAt.tPLE
Lmax NOISE LEVELS d3A

k'I"Qble,"qo.-ltitiIsllOClptt..,."".,n~ •• Ior __
_IONI ~~ nw.. ""Reduo;tion~ __ noiM

::...uetionechiewcl bvthe efI<lJ1$ to build~hig/HpNd

Predicted nolee l....... mey be disPlyedneithBl'QlfItoUftIn
plen vioew (Figu.e 41Of It. tIv-.dimenlionel image eRg .... 51.

,.,.,5-"' ._". ...._ _ .In,.,..

8. NOISE CONTROL DESIGN
Imormation . boul nom. counte,meall ures hom lever.1
co"nlsin. "". been ~lected . nd included ;n the knowllldge
~ which u n be __d " st lcel'" e- uMel Inllll'aetively jo
dellg n,a..edon . eo.t-eff ectivl'coocept .u..u_wilbe led
ttvough Mchc:ount~.option. A -eori ng l '(SllNTl~ u-ed
IOjudgethe_·.NlIctionsothetU.ftnIII~leen

belhown in both d8 1AJ'edudionltldlf;Ul ....h .T"heIett.
-.bIeI tht • .,.temtoldYiMf...-.n.tr'Wtn*ltL
~~"-t-'l--.:tlobe-"eetNe

Inthe~ptIIC:tioeolsn.a.-...TGV.-.da.1UCh

.. .educ:inlilthenumt>erol~.ueInodi-::brltmg....-

. liI .

.. · :::53;;
• lU
g ,i.e.

iU:
l @. e L , , • , I I • • , I , , ,~

EXA/lI\.E
~4'r'(picwl__pIt>I--.d &"NOISEJtPr .

ThG__ . "., _ oI _ -..., .tI:>mN _ .........
~""bIlJck"""""IIJff... n,;.r. TM _

J50 ... Z40. rrafl_II ...., .... bMd.

4.~ . -1 0 Iog do

- 10 1og {l. -+-1 "' ld,-+- l HII1 . ~1 1 - 1.!ioI

s"t... - lc;-+- 10 1ogl.l lNl - 20 1og1l,J . c"loglUl

• 10 log {20.ctglOt -+- O"'12-mglOll}

SPL. = 51 1og lUrl 8OI

-+- 10 log {lHldtlM:l gO .. .,.a-mgOlli . 80

Al..-.... - -12lDgldlll .ldI1011l

. 3 IogtI-J -+-7.16

TABLE 3
TyplQI rhutt8 from en ., method. ld BtAl.at 25 m ]

.~PL- &...... .... ~ "-~

<10 7U., 71.771.I!II.4 " .1 !IoU :lU n .1
10 .1.1 55.8 117.1 81.1 V..2 . , 81.1 41.1 .1

:: :~:~ ~~ :~~~ ~ ~:~::~
~ :-::: :::~ ::~ :J ~.; ~.: :.~ I~
280 100.' 88.1 1001.5 101.1 89.3 1lO.i 1$.& 53.7 102.4
320 103 0 89.9 106.3 103.2 92.082.3 n.O 1\6.9 lOU=::::::::::~ ~:~ ::: ~:: :: ~:~ : ::': : ~
~..
sPLw, ·_I'.. ' ''''' .. prlKkfed by.,.....· 19J.... ' hod;
SI'Leo . .. .odynomie llOisep<edicttdby Klnv·,llOlrnethod=: :==:=::~~~hod[12~
~ ·pooeIl"""pt.xt.clbylSPL- -,eduCliGnl .~

~ ·~_proorkMd by Nordc rnelhod;

~ -~-by--+~

~ .~_by """'-ell"'_~

.~ -OASPI. • pooeIl_pt.xtedbyllwl<lollU-.ocl

....
5"'- • ""-llrailnoile IdBWt
SPL. • ~1'ICliM IdBW~

~ . ~for~-"KtIdBWl:
~ • ---. dfll;tld !lwl ~

I.G • • ccnstanl: CdEllAll:
• - n-.lVT'bowd.llIol$ p.-CWd'l.:
N . toUl~d~wIlicIM in . lI''''

netuding lJOll'*l*'I;

" .. QIKh'-'gthlml;
L .. toc.I kIn¢! du. lI'.... lml;
U · lI'....~lkm,,";

c" .. ~c:o.ffoci_lten~tIw~ offhto
lI'.in~to whictl llOUl'Id ln-...ilv ~ pl'Ol)(lItionIIll.

teken .. 35:t 5 Ie-~t _ .... E..-opNn uti",,;
. U2d wilt1 d being ttMt di.tIl~ Io tt.._ .til tm);

.. height 01 """ ........:l' ..t .. tion . ... of th.
!U"bo,llenfbol.ndl rylly. lm);

do .. d. llnc» from -.:re.l tolf-e:Il_ .... lml;
d .. d ilrtatloe h om ,-*- to lI'-e:Ilcen treline tml;

~ :~~::==:;~'':tlw COMe<:tiOn ...
~lhe 'eceiwfl l'ld lhe trlClllO . 5 m lboYe

h lflCll...-facel.

NOISEXPT Ie~ Kl thlt ll'e ... e-o ....... -V
predio:fion....moo In ll'ellf'lCl'Mldg.*en melle .. _'I'
compeAecnlof6tl__ methodelll'lordiffw_~.........
usIntil_~method.ForIUl'f\Clll. lheflUb;lrom__.........ueIno~ eI'oownin TIble3.



with computerisod .nti«ki ng~, dam ping o f Ihe w heels
lM pfIC>lllly tuned dampingl, lI'uir!g ol the wh ...... . nd -.noothing
04 lhe rl ils, redueinglhe numbefol jlIfll Q{lflphand SOQfl,

el ll be view ed ind~il ln NOISEXPT.

9. LITERATURE DATABASE
MOf. thln 400 ~~andbook flr/.WlCls lorm .d.labase

wh ich CIIl be _ chid throug h In inteiece between CRYSTAL
and dBAS E III plUt . A mat ch ing uoc:tvdogy anables lA«I to
find r.ferences thro ugh Author . Title. 8oo kIJ our na I N......, .
PubliCliion Y" ' , Cou ntry Neme and Keywords

10. CONCLU SIONS
Rail noOss controi angi..-ing itl tuita tHe lima In which 10
• pply Allech nolog y, especie. y know4edge-tlased syst.,...
bec ause of co mp laxity,o.mcertIinty, lack04 expartl andlhe
rack 04 inl..-na tiona lly ag,eed no ise t tand. ,ds

A ...cc_ful w. y to deve lop 1Il • • pertsyst e m fOf noise
c:ontrol ittobring uperts onllCOllSticl.intoth.e"P"rtlystem
applicllion llf.... Al one keynotelPllolk..- put itlll tt>eSecond
AUltr.l i.n Confe.-eoce 00 Expert Svs t_ 113):

Ohllft the besl e xploiters 04 Al technology a' e peopla who
• 'enol e xpert In AI b ut who neG4 AI techn%gy to lOlve a
proble m of importa nce to the ir WOIk and heeee 10 th eir

AlIo . the bl sic principles 04 AI ca n be ...... ned muc:h
las l..- the n cb:nIin e xpeffite in moat CISeI. A perwn wilh
lQtne prog.a mming 8llp8f lenel . nd s ki. wittl com puters
ea n do use ful Al w o' k in l Y_,and occa s ionally Ie5lITo
bacorn e goodel a nyth ing lOf wh lch ellpe ,ienc ll c ounlS ce n
t.k.meny years .

Consequendy.the be5t pMPllllCIflllCklingAiprobiems
a ,. lhose who cope we ll w ith ttW>gs lhe t Illd< precise
dlllinition .

Tt'oeuse ofa luita bltlnperl l V1ltembuilding lhel l lUCh a l
CRYSTAL me kea d&VelopmenllTlOfe ,.pid.

The devill opmant 01 NOlSEXPT his """" the t UCCISsful
Ipplicalion04arule-bllsed el<pllfl-vst""' to 'l~ noilll llngi.-·
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A Prediction Method for Probability Distribution
of RoadTrafficNoise at an Intersection

Yuichi Kato
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Wakaba-eho, Kure, 737 Japan

ABSTRACT: The actual road traffic noise which is encountered in daily life usuelly shows nonstationary fluctuation
patterns caused by the temporal change of traffic flow. One of the typical examples can be seen in noise level
presented in the area around the intersection. On tha other hand, statistical parameters such as median value of the
sound level, Lx (X = 5, TO,.. . .i». (TOO-X) percentage point of the level probability distribution), as well as the
lower order statistical values as Loq. are important for noise evaluation and regulation problems. In this paper, the
probability distribution form of periodic nanstetionerv road traffic noise in an intersection area is numerically predicted,
by using digital simulation experiment. The predicted values for the noise level probability distribution are in good
agreement with the actually observed data.

1. INTRODUCTION
The statistical evaluation and/or prediction problems of road
traffic noise have been considered by many investigators [1-7].
However, in the previous studies, the theoretical consideration
was confined to only the noise level fluctuation caused by the
statistically stationary road traffic flow [141 or limited to the
relatively simple traffic flow even if the concrete statistical
analysis were carried out for nonstationary road traffic noise
[5-8). Up to now, scarcely anyone has studied the prediction
problem of traffic noise in the intersection area, becauseof the
complexity of behaviour of moving vehicles controlled by
traffic signals.

When one considers the prediction problems of actual road
traffic noise in the intersection area, the followinqshould be
taken into account:
• At an intersection existing in the urban district, in general,

many high buildings line the street. Accordingly, in the area
around the intersection, the sound field cannot be regarded
as the free sound field.

• NeedlesstosaY,themovingvehiclesaredirectnoisesources
and the number of vehiclescan be controlled for the purpose
ofanoisecounterplan.Therefore,itisimportanttoconsider
the relationship between the noise level and the number of
moving vehicles, which is usually used in the description of
the physical mechanism of road traffic noise.

e The behaviour of the above vehicles moving in the inter
section area is very complex. Therefore, it is difficult to
estimate the time patterns Ifluctuating in the one period
time interval of the traffic signalsl of an average number of
vehicles moving on each lane, by using the usual dynamical
traffic theory such as the kinematic wave model or the
shockwave model [91.

From the above viewpoints, a method for predicting the
road traffic noise in the intersection area based on the digital
simulation experiment is proposed by paying special attention
to the periodicity of the temporal change of traffic flow.

Concretely, we first determine the effective area, the moving
vehicles in which affect mainly the noise level fluctuation atan
observation point in the interseetionarea. Next, the noise level
probability distribution form is numerically predicted by using
the fluctuation patterns of an average number of vehicles
moving on each lane in the above area.

The predicted noise level probability distribution form is in
good agreement with the actually observed data.

2. OBSERVATION OF NOISE LEVEL
AND TRAFFIC FLOW

In order to make a survey of the fluctuation form of the road
traffic noise level and the state of the behaviour of moving
vehicles in the intersection area,the road traffic noise level and
the traffic flow were observed for several hours at the points,
AandB,showninFigure1 (A: observation point of noise level,
B:observationpointoftrafficflow,avideotaperecorderwas
setontherooftopofahighbuilding).lnthisfigure,SAandSB
are synchronous traffic signals with the period T (= 140 s),
Figure 2 shows the scatter diagram obtained from N (= 58)
sample paths for random noise fluctuation observed in time
interval T. Each sample path is sampled every second. The
solid line in Figure2 shows the mean value fluctuation pattern,
I'dt), of periodic nonstationary random noise. Figure 3 shows
the 15 lanes of vehicles which have been obtained from the
actually observed data (recorded simultaneously with noise
measurement on a video tape recorder). The experimental
values for the average number of heavy vehicles, I'Nl, the
average number of light vehicles, I'N2, and average speed,
v (m/s), for each lane are shown in Table 1. These values were
experimentally obtained by using 58 sample paths of the set
of photographs of traffic flow condition, each of which has
been recorded in time interval Ton a videotape recorder.
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3. DETERMINATIONOF EFFECTIVEAREA
AND DIGITALSIMULATION

Thetrafficnoise ptMellted in the llltersect iQn afl.a ean be
d"' ided into the sound IntenJily du. to tha diraet foald and
toot due to the ,av", befanl fiBld. Th. latter comPO/l8nt isthll
sound;ntensitveause<:l bymulti~efIBctionoflOund _ve5. The
fo rm of noise level fluctuation patt ern shown in Figure 2 may
be mai nly affected by the difecl IOUndemitled from lhe vehicles
moving in !he ar".-r tho obMrvlllion pOnt.

3.1 Set o f the eHec tive area
let U$ eomidoIrtheloliow ing six CllSe!l.in order to det...mi""
theeff ecti... ..... laeefi9u<.4l:

Cael. Ar.. , IA.-B1-C1- Dt - Fl-A1
e- 2. ArN2 IA.-B2 -C2- DZ-F2- A1
e- 3. ArN31A.-BJ -CJ - DJ-FJ-Al
CBH4 . ArN 4 IA.-B,-~-D. - D3-Ee- F.-AI

CaseS AreaS lA-C. -D-FJ, -A1
Caste, ArN e lA -B-C-~-D-D3 -E -F-Al
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3.2 Digital simulation
For Ihe py rpos lI tor detliltmining the 8"IIC~VfI s ' ''''. lhll ia irly
eonscientiou!lsim lllatioo lIxpe<imen l shoul d be ce " ied oot by
.... ing the X1u81ly o/>$erved da ta of the number of moving
vehieles. le t n6j .k)bethenumt-oI .....hi<:III.lTIO\Iing oni ·11l
lane 6 ~ I, 2, . . .• 151 in INch effective ar... shown in the
p<evK>usS8ttion. at t ime j ij .. 1, 2, •••• 140)of k·th samp le
PIIthlk .. l . 2•. . . • 5lll. Thll val..... ofn lij.k ji.llxpe<ime nta lly
obtainedfrornlt>e~~o/thetlaffiC nowcor>dition.

wl'WdlhIIs boon .ecotdedbya ~ideoUlll'lrwocordM

Now,lhepo!lilionol~ lI .isbnQirlthec.... jn intll''' ..
ol i·thlllnelA.B,]is det",minedbvusinglneqUlllI.,. sp.aced
mode l with me space headwllV 15ft F;g,.11 S~

d,-. .. ~ - a, - x"..l/n ~ .jJr.I

He.supon, X;j~ is random va,j ab le with " unilOfm distribu 60n in
a region10. X,kol IX.,.o - lA j -Bill lnl i.j,k) . lll

lnorderto ca'lYout the dig itl!lsimu lmionll xperimentlMontll
Carlo.muilltionlfor lhe roadtrafficnoisellUC\UIIlionatlln
intltHCtion .... wher lllhe 5larl ing llnd lor l1op pirli ol th8
vehic* it controlled repeatedly by !he traffic eigne ls, it ..
eaentieMy important to consider the etIect oIlhe teeM"ion
lII'ldlor decelerMion on the veh icle noiIeemiHion. On tl>eO1hef
hand . up to now. the speed depend8nce of noise em iMion loM>l
of movi ng vehiclell !las b6en conai deled by .arne Irrvestigators
[10, 11). In the pr8'Jious papers, l1owever,the diac:uaionon Ihe
sp.lled dependence was eonfi ned to only Ihe calMl0 1 fr.., f\ow
with . certa in 00Il.uu>t speed. And we can not find 0UI1he
stud y on the mutual relationsh ip between the vehicl. noi...
.mislion level end thfl~olaccelerlltion &fld IOldlll:>e/ef.tion

(~ isverybasicendimporUlnttoconsider the speed dependenee

of noilleernissionchllraete,isticsof~hlcles;n thtl eecol.stion

8'8iIsnddsclllllrBlionlltll8l.
So. .. the MCond best policy, we hs~ use(! tl>e followi ng

modsls (10~

A The villus of no ise level em itted from moving hN vy ~hicle

with speed V Ikmrtll i:I Ga......i8ll typII r. ndom vs risblewith
laIIow ing m-. VIII... and stlIndaf d dev illtion·

..-t Villue : "m = 97 + 0.2 V IdBI
S1andard deviation:<>lU _ 3.31dBI l21

BThevalueofnoiselevel.mittlldlrommovif'lglightvehicle
with~Vllun1s1isGllUMientypllflondomVlrisblewlth

folloMng memvalueandstllnderddeviation:
me an valoo : ,,12l .. 87 + 0.2 V ld8J
stand!l,dde'Mtion:al2l _ 3.6ld8J OJ

The above ve hicle noise em iaion mod tl .... y be fairtv useIuI
fOl the purpose of finding the dominllnt terodency of random
flOilMl phenomena. (II ilhoukl be noticed the ! we pay 0<.

snlHltlontothe average qua ntily ollha ilP8Cl hM(tw ay . spesd
s nd number 01 moving vehicl es etc. and w e conIide< the time
panerneofstatistic$ $Uchss fTI\IIInvalue and s urndwddevistion
of tfre random oose level flUCluati on in the ne<t section 3.3.1

Now. if the information on the e lfec tiva Mea ISH Flgurs 41.
the num ber of moving veh lelM, n llJ .1t.1 G .. 1, 2, . . . , 15; I ~

1.2. " ' , 140 ; It. .. 1.2, " " 15) a nd the ave rage s peed of
moving vehicles on ~th lane , vmIkmlh) 11 .. 1. 2, . •.• 161, a,e
givenllee Table 11.Wllcanobtain thenoOl8 lev al deta l ij.lt.)
Q .. 1, 2. .. .. 140 ; It. '" 1, 2.... . 58 1 throug h the fd lowin g
proced..e.

1 Pavenentiontothem-thYllhiclolonthe ~thlane.t time jof

Ihek-th sampiapathl&ee F'og..e51.
2 Ger-eta a r&fldem numt- Rt with uniform dislribulion in a

'egoon [0.1L Tfren.deter'",fIlI the type of theatlova m ·th
V1Ihicleas fol lows
ifO .. R1 .. ,r il.lhem·ttlvehicle isheevytypetN _ 11,
ifB~1 < R1"'. th llm-ttlvet.ic le is 5ght typa IN _ 21.

3 G8I'Ieratea ,andom .....mber R1 with G. """n dilll'ibution
of mean value 0 and IUnd.rd deviation 1. Ne Jll. by using
the value of V~llsee Te ble 11end Equat ion l21101Equation
(311. calcu late l .., . ...INI+ Rl lriNI IN _ 1 01 21. which
cOfrespon ds to a valueolnoilelevelernittad fTemt l>em-th
mo ving vehicle.

4 Sum up lhe sound intenlity llml ~ 101"j"'MO)Ovllf allv&hicles
existing in the effect!ll e a ,ea, as 'ollow s Is se Figures 4and 51:

1$ ....J..1

lij.lt.1 = 1~1 "'~1 1;.,,114......·)

5 Calculatetl'letollowingllQuslion ;

l li.il = IO .logll li.jl +lol lSI

Hereupon. lo is the backg'oun d no 'IMIonten&tly coo es po nding
10 the sound int"""ty du e to the rev erber ant fieH:!
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FigureZ'Aeomparisonbetweenpredietedveluesandaetually
observed data for the eumulativeprobability distribution ofperiodie

nonstationaryroadtraffienoise(/',predietedvelue,
• observed value).

3.3 Results
Figure 6 shows a comparison between actually observed data
and simulation experiment for the time patterns of mean value,
I'dtl,and standard deviation, udtl. of the periodic nonstationary
random noise level fluctuation. Here. the results of simulation
experiment for I'dt) and uL!t) have been obtained by using the
simulation data Uj,kl (j = 1,2, ... , 140; k = 1,2, ... , 58).From
this figure, we can find the following three facts: (1)Asisshown
in Figure6{A),thetimepatternobtainedbysimulationexper
iment is rather different from the actually observed values in the
case when the effective area is estimated small. (2) The time
pattern obtained by simulation experiment is closer to the
observed values as the effective area becomes larger and the
sufficient approximation, up to the area of Case 4, seems to
catchall ups and downs of the actually observed time pattern
Isee Figures 6(D) and IF)I. So. the area of Case 4 can be
determinedastheeffectivearealthevehiclesexistinginwhich
affect mainly the traffic noise level at an observation point).
13)When Figures7lDl, lEland (Flare observed minutely, it can
be found that the values ofl'Llt) obtained from the simulation
experiment are somewhat underestimated at near the first peak
It = 10 - 20Is)).This underestimate may be caused by the
neglect of the vehicle noise emission effect in the acceleration
time interval. (It should be noticeable that the observation
point A has been set near the acceleration area of vehicles
moving on the national road (especially lanes 1,2and 3; see
Figure 3) with largetraffic volume (seeTable 111.

4. PREDICTION OF PERIODIC
NONSTATIONARY ROAD TRAFFIC NOISE

In the previous section. the effective area was determined.
Accordingly, if the time pattern of average number of moving
vehiclesoni-th lane, n(i,j) Ii = 1,2, ... , 15;j = 1,2, ... , 140),
the ratio of the intermixture of heavy vehicles in the i-th lane,
1I(i)(i = 1,2, ...• 151,andtheaveragespeedofmovingvehicles
on i-th lane, V(i) (km/h) (i = 1,2 .... , 151aregiven,theproba
bility distribution form of periodic nonstationary road traffic
noise can be predicted by digital simulation experiment.
Figures 7 and 8 show, respectively, the comparison between
predicted values obtained by digital simulation experiment and

70
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Figure8:Aeomparisonbetweenpredietedvaluesandaetue/ly
observed data for the cumulative probability distribution of periodie

nonstationaryroadtraffienoise(/',predietedvalue,
.observedva/ue).

observeddatafortheprobabilitydistribution,PILI,ofperiodic
nonstationary road traffic noisa fn the different two time
intervals. We can find a good agreement between predicted
values and observed data. This fact means that the model on
the speed dependence of noise emission levels of moving
vehicles may be approximately applicable to the intersection

5. CONCLUSIONS
Up to now, the prediction problem of nonstationary road
traffic noise in the intersection area has not been considered,
since the behaviour of moving vehicles in the intersection area
is very complex. In this paper, a method for predicting the
probability distribution form of periodic nonstationary road
traffic noise in the intersection area has been proposed by
paying special attention to the periodicity of the temporal
change of traffic flow. Concretely, the effective area (the
moving vehicles in which affect mainly the noise level fluctua
tion) has first been determined. Next, by using the fluctuation
pattern of average number of vehicles moving on each lane,
the ratio of the intermixture of heavy vehicles in each laneand
the average speed of moving vehicles on each lane, the noise
levelprobability distribution form hasbeennumericallypredicted.
The predicted noise level probability distribution form was in
good agreement with the experimentally observed data.

The prediction method for the probability distribution form
ofa nonstationary road traffic noise in the intersection area,
based on the information of moving vehicles ltime pattern of
average number, the ratio of the intermixture of heavy vehicles
and the averagespeedl,isstill in an early stage of study. There
fore, there still remain important future problems to consider
such as the speed dependence of noise emission levels of
individual vehicles in the intersection area.
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Part A - Personal Aspects
PrWl8P'wellhould $hlrt with~T9COI/ections ofsclloolday$

Can)a! poifIllo any -ms or experiences lhat anricJpatsd B
specJalBbility wilhsc,snce?

1_lnIe<esledinrlldioslllthal stage-cry.stalselSandsimple
I18I\oeradios,some InJmmy lXde . .....hich I klOk apart and made
inIo di llel9nl &or1s.Thal wasin early high school. and l .....anted
Io be a l3doo eng;neer. l also had chem istry set:ssnd eleclri cily
981$andenjoyedmucking erouor:l with thEtm

I might hoMl become an eng;flller but l could only laJo.e
pt1ysics, chem istry. math s and either geology or biology 1Il the
UniversityCollege in Armidale, so I ended l4l ma;omg in mai lls

"" .."..
I"m tryingto gel at tile OIigin C'ifilebreBdttland origlnality oi
y(llIrapplO8ChlophysaJprobIems-th9 origin al)QNfwbng
Iorphyslcs,Didthatbegltlstschoolor/at9l?

Igll8SSlllschoot l .....asgooclat maths, butthscar8l;lrs IidYissr
sai d I wouldnl be abie to tland le honou rs physics (!I so I dod
honoIJrs lNl lhs which was probabl y the be51lor me th8n . But
"",mately my approach to physics eme rged 0llI at an expo8l.Jr8
loara"ll8at prqects in my formative researt:h years -ss ma.ny
inflded on rne as l7; choic e, l did a founh yaar project and then
someresearch Ingas discha rges al NEUe. theotc Ha rvard lor
adoee cA soIkl stale and tran sistors wtl ichconlinued wtlen I
relumed 10worIl with CSiRO until !tIey decidedtransfslOfflwere
noI: a cornme<cial proposit ion for Austraha. So l was given the
choicecA Aadio Astronorny or Cloud Ptlysics, lhe latter involYing
the go'ON'th cAice cr)$lalS. I koow a bitaboul crystals so I did
doYd~lCSb alrTlOSllllY"~al CSIRO but then returned

loaolod$W8 and gas discharges when I joined the $l8ll at UNE
in 1960...
And when did}OUstart)(lUfBCOUSDcsl9se8lCh?
That wasnl unt il 1972. almosl len year.;;into my proIes.sorship
at UNE, though when lleamedltleftute under ViaorMcMahon
l had dabbled .....l!h some bkJNing~measurementswl1ictl

I gave to him _ bu t I d idnl fonow it up. The AAGS thoultrt my
proposa l for ecoo erc research was OK 90 thst 'Swhefe lhat
SlrandSl8rted.
Wl'IlIl sboor Ihspsople who inspirOO or gurdfld )OU in your
undergf/ldual9 and gradua ta y&2f5 ? What names stand our?
Par'licularlyJack Soons<'vil\e.....howas e.ppointud Hniorl8C\urer
to inaugu fale ne rnetne and pt1~iC5 departments in New

England in 1938. I did my founh year projed wilh twn in gas
disdla.rgesandlhsnwort<edbayear Otso as hlS_arct1
assisWlIbef0r9disappsar'ngdtlOH«wrd, I .....aswilhtllmagal'l
at UNEfrom 1960UfIIill963 when hs <lied. I Iearnr a lot from
ntm . he gave me my ~rsl scqusif1la noo ...... h tertiary mai lls and
physH::s.He hadmOYed fromenginsering lo~in his own

eeee r so Ihal be had himsell a broad snd applied · Ot applicable
. abi l i ly w it h pt1~M::s

When~ wsreinHarvsrd·dici anyonElimpfe SSlQl especially ?
I did my PhD undef Harvey BrtXll<swho was a Iheorel ica.1
pttysic:ist-solid· slate. My l hesis W8SsboUt twot hirds solidstale
theory. I did m81allurg ywi lh Bruce Chaim En In 53-54in applied
physics andwitt1 AndrewLang .....ho dklX·ray topography . he
W8lI Y1~ling from England at the lime . Those wee made. lhe
grtNIt~mpressiononme al Harvard. bullTl)'thesls\YIIsdone

l'alheI' inisdalionbec:ausslT1')'bmyesrW8Smainl')'alUrs8work,
lhe second yearI worked oneday a week llIatrsn&iSlOfle.etory.
and in the lhird year I wort<edlour days a.....eek 1h8feIn the
~oIanyse::toolarstJjpsu~ laetualJyl3eCsme1lSSlSlant

director 01deveIopmsol while I did my lhe&;s in the remaining
thr8l;ldays. So ldidn~havea lotof\in'lelorsociallsingal HilfVilrd

But while my thesis .....as mainly theoreclic:al of n&ce6Slly. I did
managslo inc:orporate some 01the resub on power tranaislof5
I rom lTl)'work al ths oompany · which aiso gained me a pa:enl.

Do)QI h8vfJ61,¥ spadalaftoc:tion kx aurtlas · ph(sQ 1wfefC. ?
Ph illip Morse stands out from Morw and Fec!Ibach: MllI hods
of Th90re!ical Physics and also from hiS booll Vibration and
Sound. I respect the refinement of his 8lCposiIil;nJC $later aI9O;
I allended his N3ctureson 90lid state thsory and MrTand valued
his books on rncroweetrenemeec n. More generally I had
!iUpertl leClure.s l rom Ju lian SChwing8r .....hogola Nooo l PrlUl
lor Quanl um Elec\I'ody'namics and I heard FtIrmi lectu re on
OO5rT1 ic rs)'S - he was Sllid to be the last pe rson to Mve known
the 'NI1oIer;i physics. But in a way l .....as 1\ alU nlry boy from
Au$lre.Jiaand wasprobably 100 reI,ring togsl lhe meet c ut 01
the brigtt lights In physic$ in America1lI th8 bme, My main
panicipalion in American file .....asplaying lIute in the HillVard
Otcheslra and p1syingthe organ in one oI lhe local churcnes.
I hacI agea time doing thal but I suppose I shou ld hllYllput
more etlort inlothephysicscuha8 .
Whsn)OJthinI<oIl1probtem.do)QIthinlrC'iapl1ysicJtJsysrem
or do }OU think o/ a ma/llemSticaJ equa lion?
1th,nkol the physic:aIsys1em . l ";su ahse il Q;lr'lCretaly as fil am
small.S1Mdinginsidsthe$)'il8mwU:hingwhal~Then
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Neville Fletcher ...

I try to clothe the goings on in some equations to tie down the
quantitative elements.

Einstein said he saw physical events as muscular, but you stand
inside the system watching the parts interact - like standingz:the flute head joint watching the air jet switching in and

Yes,lamsmalierthanthepartsinteractingsolcanwatchthe
waves going past.

Weshouldtalkaboutyouracousticsresearch./n1977/worked
with you on plate vibrations, trying tounderstand the fourth order
differential plate equations and applying them to experimental
instruments I made at the UNE. But you were supeN/sing
Suszanne Thwaites' experiments in flute excitation and in string
vibration decay rates.
Yes, I started acoustic research with flute physics because I knew
about flute playing characteristics. I worked also with organ pipes
because a player wasn't needed and the blowing was
reproduceable. At that stage, in the early 1970's, there was a
lot of uncertainty about howl1utesand organs actually worked
even without the nonlinearitiesin the excitation processes. But
right from the start I tried to understand harmonic generation
from nonlinear excitation and that has proved to be a unifying
theme in my acoustics research.

How did you start your biological acoustics?
I met Adrian Horridge at the Research School of Biological
Sciences during a visit to the ANU. He was interested in vision
in invertebrates, crabs and things, but he had a project with Ken
Hill in hearing and sound production in invertebrates-cicadas
and crickets-and also in birds. Talking with them I realised
that there were ciear ways to explain what was going on with
fairlysimpiyphysics. So I dived in to interpret physically some
of Ken Hill's experiments.

Youdealt with phase delays in signals received by the ears on
the insects' legs.
Yes. In insects, lizards and birds the two ears are coupled
acoustically so you have a tube with a drum on each end, a
system which is not hard to analyse. In mammals the Eustachian
tubes are small and not acoustically coupled. Later on I saw
that it was possible to apply the methods of analysing sound
production in wind instruments to birdsong, even though the
mechanism there involves vibrating membranes interacting
nonlinearly with the air column in the trachaea, resulting in the
type of harmonic generation that people measure in birdsong
spectra.

What about the strings - harpsichords, clavichords etc.?
I wasinlerested in the linear coupling between the vibrating parts
of the instruments and did some work with Suszanne Thwaites
on modes in clavichords. With Katherine Legge, who recently
completedherPhD,lwaslookingatnonlineareffectsinsimple
vibrating strings, one-dimensional systems, that showed the
effects most definitely. This was the beginning of a planned
series of studies in nonlinear vibrating systems which progressed
through bent bars to plates and shells. I was captivated by the
Chinese gong, a dished plate with bumps in it, that exhibited

beautiful nonlinear behaviour. It goes "boom" and then "sshhhh"
so that the energy has gone from the low frequency modesto
the higher ones through a nonlinear process.

And you are continuing this work by studing the chaotic nature
of the transition from linear to nonlinear behaviour in plates and
gongs. How did that arise?
That started because Katherine discovered it in a big Turkish
gong about50cm across with a flange around it. She found that,
if you excited it at the centre with a sinusoidal driving force, at
particularfrequenciessubharmonicgeneration occurred-and
thenchaos,resultinginasoundsimilartothatwhenyoustood
off and welted it. We found the same sort of behaviour in
cymbals and llat plates-subharmonicgeneration and chaos,
butsubharmonicsoforder3,5insteadof2,4etc.asinstandard
chaos theory. That's interesting and it has practical application
in structures subject to periodic impulses like oil piatforms.If
they vibrate in subharmonics to the wave frequencies and at
large amplitude, or if they go chaotic under certain excitations,
they might fall to bits.

Irs intriguing that you have discovered chaos in fairly well-defined
vibrating systems and that you have related onset of chaos to
nonlinear response to the energy input. Do you think these sorts
of studies will provide some insight into chaotic behaviour in
natural and cultural systems like the weather and economies?
Certainly the characteristics of nonlinear systems have been
attracting attention for something Iikelifteenyears now. Rene
Thom came along first with catastrophe theory, where systems
had suddentransitions1rom one state to another without actually
going chaotic-that happens in simple physical systems, like
geometrical catastrophies in optical systems where there isa
folding of the wavefront. Pecplewere optimistic about application
of catastrophe theory to social systems and, sure, it did reveal
new ways of describing erratic social behaviour, but I don't think
it ever reached the stage of being predictive. Then came the
focus on nonlinear coupled biological systems-predator-prey
relations and so on-juststraighl1orward coupled nonlinear
differential equations which gave good predictive explanations
of the cycles in lemming populations in Canada etc.

When you get to simple chaotic systems like vibrating objects,
some chemical reactions, and fluid dynamics, you can describe
some aspects of the chaos structure and onset of chaos, but
only on the average: transition to turbulence and drag
coefficients in laminar and turbulent flows. We really want to
know about the details, like next week's weather, rather than
a big average over the summer. So while we have better
explanations for why systems are chaotic and how chaos is
structured, I don't think we are any closer to predicting the
important details of the chaos-otherthan modelling with a
whopping great computer and feeding in a whole range of initial
conditions. But even then the sensitivity of the system to minute
changes in initial condition makes that sort of analysis very
difficult. I think we always knew about small turbulent effects
escalating in semi-random patlerns-the so-called butterfly
effect. Now at least we have a broader framework within which
to explain chaotic behaviour and maybe we will proceed to find
ways to predict it in the future.

PartB of this intevte« will be published in the December issue



BOOK REVIEWS---
FLOW-INDUCED VIBRATION,
2ND EDITION
R.D. Blevins

Van Nostrand Reinhold, New York, 1990,
pp 451, Hard.Cover, ISBN 0-442-20651-8.
Australian Distributor:
Thomas Nelson Aust, 480 La Trobe SI,
Melbourne, Vic. 3000.

Flow-inducedvibration (second edition)
by Robert D. Blevins is a welcome
addition to the vibration and noise
literature. The book is authoritative and
covers the complete field of flow-induced
vibration-there is something in it for
anyonewho has an interestin the subject.
The book also contains numerous very
useful up-to-datereferencesat the end of
each chapter.

The book contains ten chapters and
some very useful appendices. The
chapter topics include dimensional
analysis, ideal fluid models, vortex
induced vibration, galloping and flutter,
instability of tube and cylinder arrays,
vibration induced by oscillating flow,
vibration induced by turbulence and
sound, damping of structures, sound
induced by vortexshedding, and vibration
of a pipe containinga fluid flow.There are
numerous exercises/worked examples
sprinkiedthroughoutthe text and this is
a welcome addition. The appendices
include useful summaries of modal
analysis, principal coordinates,
aerodynamic sources of sound, and
digital spectraland Fourieranalysis.There
is also avery useful and comprehensive
author index for cross referencing the
various reference lists.

The main strengths of the book are its
subjectbreadth and up-to-daterelerences.
Its main shortcoming is that the depth 01
coverage of certain topics (particularly
certainsectionsinchapters7,8,9and10)
has been compromised.

Chapter 1 is an excellent summary of
the dimensional parameters relevant to
flow-induced vibration. It is a good
introductionto the book. Parameterssuch
as geometry, reduced velocity,
dimensionless amplitude, mass ratio,
Reynold's number, damping factor and
turbulence intensity are clearly defined.

Chapter 2 deals with ideal fluid models.
The fundamentalsof potentialflow,added
mass, fluid coupling, and vortex motion
are discussed.Likechapter1,itisauseful
introduction to the rest 01the book. The
comprehensive reference list is very
useful for anybody wishing to delve
deeper into the subjects discussed.

Chapter 3 is where the book starts to
get really interesting! The subject of

vortex-inducedvibration is very topical for
a wide range of industries. The chapter
includes sections on vortex wakes of
stationary cylinders, Strouhal numbers,
effect of cylinder motion on' wakes,
analysis,modelsandreductionofvortex
induced vibration, and specific examples
relating to bridge decks, mari'necables
and pipelines. The flow chart for
determiningamplitude and drag in vortex
induced vibration and the design
guidelines for vortexsuppression devices
are very useful.

Chapter 4 deals with galloping and
flutter. Galloping instability, galloping
response,relationshipsbetweenvortex
shedding and turbulence and galloping,
flutter,preventionofgallopingandflutter
are discussed with some authority.
Examples of flutter analysis of an
aeroplane wing rib section, and galloping
of a cable are provided. The chapter
contains a lot 01very useful empirical and
experimentaldata for design calculations.

Chapter5 is about the instabilityof tube
and cylinder arrays. It includes a section
on the theory of fluid elastic instability,
practical considerations for heat
exchangers,vibration of pairs 01cylinders
and a numerical example of tube
instability in a heat exchanger. Like the
previouschapter,thischaptercontainsa
lot of very useful empirical and
experimentaldata for design calculations,
and is largely based on the authors own
research and consulting experience. The
chapter has significant practical value as
f1uidelasticinstabilityisaprimarycause
of heat exchanger tube failures.

Vibrations induced by oscillating flow
are discussed in chapter 6. The chapter
includesdiscussionsoninlineforces,
inlinemotion,f1uidforcecoefficients, and
transverseforceand response.A briel but
nevertheless useful section on the
reduction of vibration induced by
oscillating flow is also included together
with a detailed example of ocean wave
induced vibration ofa marine riser. The
chapter ends with a detailed section on
ship motion in a seaway.

Chapter 7 deals with vibration induced
by turbulence and sound. The topics
covered include random vibration theory,
sound-and turbulence-induced.vibration
of panels, turbulence-induced vibrationof
tubes and rods, vibration induced by
winds, and the response of aircraft to
gusts. A numerical example of wind
induced vibration ofa bUildingand some
recommendations for the reduction of
vibration induced by turbulence is
included. The mathematical model
developed in the section on sound-and

turbulence-induced vibration of panels is
elementary and is essentially a single
oscillator subjected to broadband noise.
The modal overlap situation, which can
be of some importance in certain
instances, is not discussed. The forced
response of a panel to acoustic excitation
is also notdiscussed-itcan sometimes
have a significant effect.

Chapter 8 deals with damping of
structures.Sections in the chapter include
elements 01 damping, fluid damping,
structural damping, damping of bridges,
towers, buildings, piping and aircraft
structures, and material damping and
dampers. The techniques for measure
ment01damping discussed in the chapler
are very basic. Recent developments in
damping measurement techniques
including the steady power flow method,
and amplitude tracking using the Wigner
distribution (or an FFT algorithmj are not
discussed. There are limitations in using
the bandwidth or the magnification factor
method for estimating structuraLdamping
of lightly damped structures. The drive
point damping can dominate over the
structural damping. Also, sometimes the
radiationdamping dominates the need to
be estimated and subtracted.The results
presented in section 8.3.2. could be
affected by radiation damping and drive
point damping. A discussion on the
accuracy01the measurementtechniques
describedand their limitationswould have
been useful. The section on damping of
bridges, towers, buildinqs, pipings and
aircraftstructurescontains some valuable
empirical data for design studies.

Chapter 9 is on sound induced by
vortex shedding. Topics covered include
sound from single cylinders, sound from
vibrating cylinders, sound from multiple
tubes and heat exchangers, and sound
from flow over cavities. A useful design
procedure for the prediction and
suppression of resonance in heat
exchanger tube arrays is also included.
In section 9.3.1.the author statesthat cut
off or bound acoustic modes in a duct do
not propagateenergy away from the tube
array.This is in disagreement with other
works in the published literature (e.g.
Shepherd andCabelli,Journal of Sound
andVibration,1981,VbI77,pp495)where
it is shown that acoustic energy does
propagate out of the duct due to
reflections at duct terminations.

Chapter fO deals with vibrations oIa
pipe containing a fluid flow. The chapter
coversinstabilityolfluid~onveyingpipes,

external axial flows, pipe whip, pipe
acoustical forcing, and leakage flow
induced vibration, The section on
instability of tluid-conveyinq pipes is
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excellent, as are the sections external
axial flows and pipe whip. The section on
piping acoustical forcing is very
elementary and whilst the tubes can
sustainstandingacousticwaves,there are
also travelling higher order modes
(travelling acoustic waves) that are very
important both from a noise and from an
acoustic fatigue viewpoint. It is these
travelling higher order modes that couple
circumferentiallytothepipeandexciteit.
Thistopicisomittedfromthebook,and
it would have been useful to include it.

The shortcomings mentioned in this
review do not detract from the overall
value of this very good and useful text.
Any book that covers so much breadth is
bound to have some limitations and
cannot please everyone. The book is
useful for postgraduatesstartingout in the
field,researchersandconsultants.ltcould
also be the base fora postgraduate
course on flow-induced vibration.

Michael Norton

Michael Norton is an Associate Professor
in the Department of Mechanical Engin
eering at the University of western
Australia. His primary areas of rasearch
involve noise and vibration. This review
first appeared in the Journal of Experi
mental Thermal and Fluid Sciences.

AN INTRODUCTION TO THE
PSYCHOLOGY OF HEARING
Be J Moore
Academic Press, 1989, pp 350,
Soft Cover ISBN 0 12 505624 9,
Hard Cover ISBN 0 12 505623 O.
Distributor: Harcourt Brace Jovanovich,
Locked bag 16, MarrickvilleNSW2204.
Price:SoftCoversA$33.49.

The book begins with the fundamentals
of sound and the structure of the ear and
proceeds rapidly to response of the
basilar membrane and the hair cells.
Neural tuning curves, phase locking and
cochlear echoesare discussed as well as
processes in the higher levels in the
auditory system. Chapter 2 covers
absolute thresholds, equal loudness
contours,Weber's Law,adaption,damage
risk,andloudnessrecruitment. Chapter
3considersfrequencyselectivity,masking
andthecriticalband,phasesensilivity,the
shapeoftheauditoryfilter,theexcilation
pattern,maskingrelease,Green'sprofile
analysis,forward and backward masking.
Temporalresolutionof the auditorysystem
is the subject of Chapter 4. Chapter 5
considers the perception of pure tones
and complex tones and the perception of
pitch in music; Chapter 6, space
perception and auditory localisation, and
the perception of distance. The next two
chapters draw together much of the
information derived from the earlier

chapters to discuss sound pattern and
objectperception,andspeechperception.
A final chapter discusses some practical
applications of auditory theory, including,
interestingly,a section on psychoacoustics
and the choice of home Hi-Fi equipment.

I found this book very readable and
informative, and, for ils size, remarkably
comprehensive and not lacking in
essential detail. Its structure of chapters
and their sub-section organises the
subject matter very understandably.
Discussion of theory is always balanced
and related cogently to experimental
results, and, where experiments are
described,andthisisoften,thecoverage
seems to be no more and no less than
is required to cover the point. The iater
chapterson object perceptionand speech,
perception, with their emphasis on the
use of alternative cues and integration of
information from other sources than
hearing,relatetheearlierchaptersonthe
basic processes in the ear to behaviour
in avery interesting way.

Criticism of such a good book is
probablychurlish,and no doubt everyone
would like some topic or other to be given
more space. I could not help noticing that
asymptotic TTS was missing from the
discussion. The concept of a TTS critical
band was not noted; nor was the relation
of the spectrum of impulsive noises to
their potential for causing hearing loss.
Also the reference to damage risk and
amplified music failed to note that the
apparently high prevalence of hearing
loss in industry is not matched by findings
of widespread hearing loss due to loud
music. The current position on this issue
was worth at least a paragraph. However,
lean recommend this as a very compact
and useful book.

Norm Carter

Norm Carter is the Head of the "Human
Effecf' research group at the National
Acoustic Laboratories. His work has
included many studies of the effects on
humans of various types of noise
includingenvironmental,work-relatedand
recreational noises. He is currently the
Chairman of the NSW Division of the MS.

New Publications
Applied Acoustics
Vol. 2B, No.4, 19B9
Vol. 29, No.1, 1990
Archives of Acoustics
Vol. 14, Nos. 1 & 2, 19B9
Canadian Acoustics
Vol. lB, Nos. 1 & 2,1990
Chinese Journal of Acoustics
Vol. 8, No.4, 19B9
Vol. 9, No.1, 1990
CSIRO Industrial Research News
No. 197,Dec. 1989
Nos. 198, 199, Feb. & Apr. 1990

Seminar
Hearing Loss in the Workplace
10 May 1990

A half day seminar on "Hearing Loss
in the Workplace" was held at the
Australian Defence Force Academy
(ADFA) on Thursday 10 May 1990.This
seminar was organised by the Acoustics
and Vibration Centre at ADFA, with the
support of the ACT Division of the Safety
Institute of Australia. The aim of the
Seminar was to provide a forum for
discussion of the various issues relevant
to Hearing Loss in the Workplace.

There were fifty participants, including
those involvedwith the presentations.The
seminar was opened by Chris Vevers,the
Registrar of Occupational Health and
Safety in the ACT. He provided an
overview of the recently introduced
Occupational Health and Safety
Legislation in the ACT.

For the first session on "Noise and
Hearing Loss': Marion Burgess, from the
Acoustics and Vibration Centre, was the
Chairman. An introduction to noise
Measurement and Control was provided
by Joseph Lai,fromtheCentre.Joseph
supplemented his talk with
demonstrations of various sound levels.
Greg Ash, currentlyworking for Corneare
intheACT,outlinedtheEffectsofHearing
Loss. This included temporary and
permanent loss and individual variability.
Legislation for Hearing Conservationwas
discussed by Stephen Weeden from the
Standards Branch of the National
Occupational Health and Safety
Commission. He reported on the Draft
Nalional Standard and Code of Practice
issued in 1989which are currently going
through the review process following the
receipt of public comments. This first
session was completed with a spirited
presentation by Gerry Holmes from the
Trade Union Training Authority on the
Legal Approach to Remedies and
Prevention.

Following afternoon tea, Alan
Pomeroy from the SafetyInstitutewas the
Chairman for sessiontwo on "Noise in the
Workplace". The View of Employers was
presentedby Dorothy Swanson from the
Confederation of ACT Industry. She
stressed that not all employers are
unconcerned about the working
conditions for their staff and many have
themselves been employees. Charles
McDonald from the Trades and Union
Council of the ACTfollowedwith the View
from the Employees. He emphasised the
importance of the awareness of noise in
the work environment. The formal
presentations completed with Peter
Skeen, General Manager of Operations
at Comeare, who presented the View of
an Insurer.He explained the objeetivesof
Comcare and the interactiverehabilitation
system which has been established.

Marion Burgess



NEW PRODUCTS---
PETERS
Auditory Trainer

The Alfred Peters AP102 is one of a
comprehensive range of specialist
audiometric and acoustic products for
teaching and diagnosis of the deaf. The
AP102 Auditory Trainer conforms with
electrical safety specification BS5724
Part 1 (IEC601-1), and it is primarily
intended for use in Partial Hearing Units
of Schools and Clinics, yet suHiciently
economical,versatileandstraightforward
for use in the home.

Children from the age of 5 years who
have a hearing problem with a
consequential, or associated speech
impediment, will benefit greatly from the
use of the Peters AP102 in the hands of
an experienced peripatetic teacher of the
deaf. The auditory trainer enables the
pupil to hear the teacher's voice ata
comfortably amplified level and also hear
their own voice in their effort to reproduce
the teacher's words. The output level to
each ear has separateadjustment in 5dB
increments to allow for optimum acoustic
matching to actual hearing loss, even
where the ears havedifferent losses.With
a maximum output of 135dB SPL and
bass/treble cut function to improve
discrimination, the AP102Speech Trainer
is ideal even for those children with a
severe hearing loss. Overall microphone
gain is provided and the control is used
~e:r.njUnction with the built in panel

Further information: MB & KJ Davidson,
17 Roberna St, Moorabbin, Vic. 3189.
Te/:(03)5557277.

VIPAC
Intrinsically Safe SLM

LarsonDavis Laboratoriesis pleased to
announce the release of their Intrinsically
Safe Sound Level Meters/Dosimeters.
Both the 700 & 710M Models are now
available with Instrinsically Safe
Certification for Australian Standard
AS2380.7-1987. This allows their use in
hazardous areas e.g. mines,
petrochemical plants and combustible
dust areas etc. All are easy to use and
with built-inmemory and RS232 interface,
aliowsdownloadingtoaPCordirectlyto
a printer.

Further information: Vipac Engineers &
Scientists, 275 Normanby Rd, Port
Melbourne, Vic. 3207. Te/:(03) 6479700.

BRUEL & KJAER
New Piston phone

Pistonphone Type 4228 is a small,
battery-operated, high-precision sound
source. EachPistonphoneisindividually
calibrated and comes complete with
adaptors, allowing use with 1",1/2",1/4"
and 1/8" microphones. It operates at
250 Hz and 124 dB.

Type4228 providesquick and accurate
calibrationof sound measuringequipment
including sound level meters. With the
included barometer, itsatisifies IEC 942
(1988) Class 1. With an external
barometer,itiscapableofmeetingClass
00fIEC942(1988).ltalsocomplieswith
ANSI Sl.40-1984.lt can be used in the
field across a wide range of temperature,
humidity and pressure conditions whiie
still maintaining high accuracy. The
Pistonphone is extremely useful for
supplying a standard sound pressure
level.

The piston arrangement, based on an
original Bruel & Kjaerdesign, consists of
two pistons mounted on opposite sides of
acamdisc. The rotation of the cam disc
forces the pistons to move, in phase, in
and out of the coupler cavity.The design
reduces cam disc eccentricity and
harmonic distortion, and ensures
maximum level stability. With only one
control switch, the Pistonphone is very
simple to operate. It can beheld in one
hand in any position, while the free hand
adjusts the sensitivity of the sound
measuring equipment until a reading
correspondingto the sound pressurelevel
produced is obtained.

Sound Level Meter and Module
Bruel & Kjaer's Modular Precision

Sound LevelMeterType2231 is now even
moreversatiie, with new features and an
addition to its large family of Application
Modules - the Integrating SLM Module
BZ 7110. The 2231 now has improved
data-storageand interfacing capabilities,
making communication with other
RS 232 C-compatible equipment (for
example,aprinterorcomputer)quicker
and more comprehensive. With the
BZ7110 module loaded, the 2231 is a
complete integratingsound levelmeter for
general sound measurements.

The improved 2231 has a 64 kbyte
RAM for storing application programs,
measurement records and set-ups. With
the BZ7110, this means up to 99
measurement records can be stored.
Measurement set-ups can be stored,
ready for recall whenever required. The
real-time clock marks measurement
records with the date and time of
measurement-a useful feature when

storing data for future review. A special
program in the 2231 gives access to its
functions and entire memory from
RS232C-interfaced computers, via the
InterfaceModuleZI 9101.This allowsdata
to be written to, and read out from, the
2231. When using the Graphics Printer
Type 2318, print-outs of measurement
records can be obtained in 6 languages.

With the BZ7110 module, data can be
stored manually, by external control, or
automatically. The module features a
differential-display facility: the bar
indication in the 2231'sdisplay showsthe
instantaneousSPLasacentrevalue,with
subsequent values being shown relative
to this. This is particularly useful for
analyzing variations in machine noise.
Seven printer formats are available, and
a user-definable format for transferring
data to a computer. The module also
includes a dedicated communication
program for easy remote control of the
module's functions.

High Frequency Module
With High-frequency Module ZT 0318,

the analysisrangeof Real-timeFrequency
Analyzers Types 2123 and 2133 is in
creased by up to a factor of eight. Thus,
you can now obtain a broader range of
measurements in areas such as
Underwater Acoustics, and the analysis
of transient signals and fast analysis of
stationarysignals(inQualityControl,for
example).

With one HF module installed inside
youranalyzer,single-channelspectracan
be measured in real time at higher
frequencies.Forl/3-oclavebandanalysis,
the maximum centre frequency is now
80 kHz, and 63 kHz for 111-octave band
analysis-excellent for the Underwater
Acoustics. Larger frequency ranges are
also available for 1/12octaves (up to 21.8
kHz for both single channel and dual
channel) and for 1/24 octaves (up to 11.1
kHz, single channel) - excellent, this
time, in Quality Control. With Type 2133,
twomodulessimilarlyextendthereal-lime
frequency range of dual-channel
measurements.The high-frequencydigital
filters of the ZT 0318 are in accordance
with ANSI Sl.ll - 1986, IEC 225-1966
and DIN 45652.

Automatic Machine Monitoring System
The Automatic Machine-monitoring

System is intended for permanent
installationin the productionplant, to keep
a continuous watch on vital rotating
machinery and to provide the earliest
possible warning of faults. The system
fully automates the process of data
collection and faultdetection-picking
up the widest range of faults at avery
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early stage, long before they become
critical, and without the fear of false
alarms.

Accelerometers are permanently
attached'tothemonitoredmachines,and
hard-wired via sturdy cables to the
following control-room analysis
equipment: a PC running Application
Software Type 7616/BZ7027; a Vibration
Analyzer Type 2515; and a Printer.
Vibration measurement and analysis are
automatically controlled by the PC and
Vibration Analyzer. During the automatic
measurement cycle, frequency spectra
are recorded at each measurement point
and compared with reference data.
Increases in vibration anywhere across
thefrequencyrangewillbedetected,and
an appropriate warning automatically
given.

Spectrum-comparison monitoring
ensures that faults are detected at avery
early stage in their development. The
Bruel & Kjaer specialised Constant
Percentage Bandwidth (CPB) frequency
spectrum, also ensures that the widest
possible range of faults can be detected.
Further, by compensating for the speed
of the machine and operating parameters
such as load,temperature and pressure,
the spectrumcomparisoncan be adapted
to removethe danger of false alarms and
thus ensure reliable trouble-free
monitoring.

Application Note
A new Application Note from Bruel &

Kjaer B00326 examines the signal
source requirements for dynamic testing
of AID Converters. Dynamic Testing of
AID Converters - Signal Source
Requirements discusses the importance
of using a precisesignal source in the test
system.It demonstrates that only a signal
generator which synchronizes the
measuring system can provide the
accuracyand stability required.The Bruel
&KjaerType 1051Sine Generator is one
of the few instruments on the market
which can meet these requirements.

In recent years dynamic testing of
ADCs has increasingly replaced
ttaditionalstanctest methods.This is only
natural, as, in the real world, ADCs
function in a dynamic environment. In
other words, they are subjected to "live"
signals of varying amplitude and
frequency. However, dynamic testing
makes addilional demands on the signal
source, demands which traditional RC
based oscillators cannot meet. This Note
discusses these signal source require
mentsand suggests an effective solution
to the problem.

Further information: Bruel & KiaeT,'24
Tepko Road, Terrey Hills, NSW 2084.
Tel: (02)4502066.

Australian Metrosonics
db-3100Metrologger

o ExlremelyCompact-Fitsintoapocket
o Simple Three Button Operation
o VeryFlexible-Performsas a:

• Universal Noise Dosimeter
• Time History Profiling Dosimete(
• Integrating/Averaging Sound

Level Meter

• True Peak Sound Level Meter

o GeneratesFully FormatledReports and
Graphs

The db·3100 is a revolutionary new
multi-purposenoise dosimeterand sound
analyzerwhich satisfiesindustrialhygiene,
safety and community needs. This
exceptional instrument functions
simultaneously as a universal noise
dosimeter,integrating/averaging and true
~:n~t~~Und level meter, and time history

A special three button design makes
the db-3100 easier to operate than any
other monitor of its type, on the market
today. By simply pressing one or two
butlons,youcanturntheloggeronand
off, startand/orstop logging,outputdala
to a printer or computer, calibrate, view
statistics, and more. Also, the db-3100's
rugged, lightweight and pocket sized
design, provides ultimate convenience
and go anywhere use-. It even has a
detachable microphone.

Selectable exchange rate, criterion
levels and cutoffs allow the db-3100 to
monitor in accordance with all noise
exposure criteria currently in use,
including OSHA, DOD and ISO.'Another
valuablefeatureistheabilitytobreaku!J
a test period intoa seriesof equakluration
intervals and produce a time history
profile. In different locations, thedb-3100
can automatically time each measure
ment,separatethedataandidentifyeach
location,

For permanent hard-copy document
ation, fully formatted reports may be
generatedat anytime on an RS-232serial
printer.Also, since the db-3100is IBM PC
compatible,datamaybetransferredtoa
computer for further analysisand storage.

Further information:
Australian Metrosonics Pty Ltd,
37 Benwerrin Drive, Burwood East,
Vic 3151.Tel. (03)8035744.

ETMC
Transient Recorder

ETMC Technologies have introduced
the Rene Maurer portable transient
recorder, ADAM, with a sampling rate of
up to 20 MHz and resolutionto 12bits and
with applications in many physical1
mechanical tests and experiments.

Up to 12 channels, each with 64 K
samples memory can be functioned,with
ADCand preamplifiers to users require
ments. This provides for tailor made
instruments for any application or set of
applications. The main features are dual
time base, sophisticated, fine stepped
trigger settings, with pos/neg delays,
channel staggering and 100 mVto 100V
input ranges with ±100%offset.

It has resident firmware for post record
processing and is availableall ina handy
portable box including video display. A
field type datastorage/analysis unit EVA
is also available for storage of recorded
data and exlensive post processing using
the software package MEDUSA III or
FADAM.

Further information:
ETMCTechnologiesPtyLtd,6PoundRd,
Hornsby 2077.Tel. (02)4771764

Ultrasonics Institute

The Ultrasonics Institute has been
transfered from the Federal Department
of Community Services and Health to
CSIRO'sDivision of Radiophysics. It is
now known as the Ultrasonics and
Medical Technology Group (UMlG) and
it forms part of the Division's Signal and
Image TechnologyProgram.The transfer
gives a boost to CSIRO's work in medical
instrumentation, the Institute havtnq
played a leading role in Australia in the
development of ultrasound for medical
diagnosis. The move should lead to
substantial spinoffsto industry. In its new
research context, .the Group is
concentrating on developing improved
ultrasound techniques, instrumentation
and applications in' medicine, as well as
extending medical ultrasonicsmethods to
related areas such as veterinary science,
animal production, and industrial
measurement and control.
IRN, CSIRO - Oct 1989
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FUTURE EVENTS -==========-
• Indicates an Australian Conference

1990

August 13-15, GOTHENBURG

INTERNOISE90
Dept Applied Ac, Chalmers University
Technology, S-41296 Goteborg, Sweden.

• August 26-31, DARWIN

15TH ARRB CONFERENCE
Roadsina Transport Environmant.
Details:ARRB, P.O. Box 156,
Nunawading, Vic. 3131

August 27-29, SENIS

frf,oE~~T~NATIONAL CONFERENCE ON

StructuraJ/ntensityandVibraJionaiEnergyFIC1N.
Details: CETlM, BP 67,SNUS, FRANCE 60 304.

August 27-31, AUSTIN

12TH INTERNATIONAL SYMPOSIUM ON
NON LINEAR ACOUSTICS

P;:/:/te~:s,~u~~';tr:s.AD~~~~~lng,

September 11-13,LONDON

MEETING ON OPTICAL, ELECTRICAL AND
ACOUSTIC PROPERTIES
Details: Plastics & Rubbar/nstituta,
11 Hobart PI., LDndonSWl, UK.

September 11-14,MARSEILLE

9TH MEETING ON ACOUSTICS
PROPAGATION
Details: Leboretorie de Mecanique &

tfa~~:fh~ugect:; o~hi:;~~e,J~g:g~. Aiguier,

• Sep1ember 18-20, MELBOURNE

VIBRATION & NOISE CONFERENCE
Detai/s: L Koss, Dept Mech Eng, Monash
University; Clayton, Melbourne, Vic. 3168.

October 2-5, HIGH TATRA

ROOM, BUILDING & URBAN ACOUSTICS
Details:HouseofTechnoJogy,/ngLGoralikova,
Skultetyho UR.l, 83227Bratslava,
Czechoslovakia.

October 9-11, LONDON

QUIET REVOLUTIONS

~~~r~I~li~~f~:~~~~~~:n~n Power Train and

~~~~~ni~r~':;~:a~~P~ ~~gca~:titVJ:,?;'
\>\estminster,London SW1H 9JJ.

October 14-18, TENERIFE

~V"~olrgJrATIONAL CONGRESS ON

Details: Dr J Barajas, F'erezde Rozas 8, Santa
Cruz de Tenerife, Canary/slands, Spain

October 15-17,AUSTIN

NOISE·CON 90
Reducing the Annoyance of Noise
Details: Noise-Con 90, Cont. Eng. Studies,
Col/egeofEngineering, CockreIlHal/l0.324,
Universityof Texas,Austin, Texas,U.S.A. 7lJ112.

o October 15-19, MELBOURNE

METROPOLIS '90

~j~~acratariat,545RC1faIParade,Parkvilie,

October 22-25, SENDAI

10TH INTERNATIONAL
EMISSION SYMPOSIUM

P:S~~i~ro~:~":~n~:nZ~~~ri~~~;~i ~:~
Japan.

October 29-31, KUMAMOTO

INTERNATIONAL JOINT MEETING
Workshops on Acoustic Emission in Civil
Engineering and Acoustic Emission and Rock
FraClureMechanics.
Details:DrOhtsu,DeptCivil&Env.Engineering,
Kumamoto University; Kurokami 2-39-3,
K1Jmamoto860, Japan.

November 18-22, KOBE

1990 INTERNATIONAL CONFERENCE ON
SPOKEN LANGUAGE PROCESSING
The first international conference on spoken
~~~~~ge~WOceSSing by both humans and

Details: Secretariat, /SCLP-90, c/- Simul
International Inc. KCNlaBuilding No 9, 1-8-10
Akaseka, Minato-ku, Toyko 107,Japan.

November 26-30, SAN DIEGO

~~~II~~ OF ACOUSTICAL SOCIETY OF

Details: Fredrick Fisher, Marine Physical Lab,

~mf;,r~f;67:io~rea <J;a~rpj~f~~

November 26-30, HIGH TATRAS

~~13~TR~ VIBRATION CONTROL IN

g:~:~: ~'!'er~{hni'6s?g11s, ~~~ja :/~~:
Czechoslavakia.

December 5-7, HONULULU

ULTRASONICS SYMPOSIUM

3~::~a~la~t!l:g~n'Joa~~:,%~~Wo~~

December 12-14, DELHI

LNLi~~6'~:g~AL CONGRESS ON

Detai/s:D,AshokK1Jmar, Ultrasonics, National
Pfr/sicaILaboratory,NewDe/hi,/ndia, 110012.

1991

April 28-May 3, BALTIMORE

MEETING OF ACOUSTICAL SOCIETY OF
AMERICA
Details: koustica/ Society of America, 500
Sunnyside Blvd, \'\bodbury, NY 11797, USA.

May 5-9, BALTIMORE

MEETING OF ACOUSTICAL SOCIETY OF
AMERICA

=i~S-::/~I%u:aN~'!f;,,:fM:BlffA~cIa

July 1-4, LE TOUQUET

ULTRASONICS INTERNATIONAL 91
Details: Conference Organiser, Ultrasonics
Internationa/91, Butterworth Scientific Ltd.,

~ild:~, sgur:::s!fJ15~~~sJ:lUry Street,

July 15-19, SOUTHAMPTON

4TH CONFERENCE ON RECENT
ADVANCES IN STRUCTURAL DYNAMICS
Details: ISVR Conference Secretary, ISVR,
Southampton, S095NH, UK.

August 19-24, AIX-EN-PROVENCE

12TH INTERNATIONAL CONFERENCE OF
PHONETIC SCIENCES
Details:Secretariet,UniversitedeProvence,
29 Avenue, Robert Schuman 13621,
Aix-en-ProvenceCadexl,France.

November 4-8, HOUSTON

~~~~II~~ OF ACOUSTICAL SOCIETY OF

Details: Robert Finch, ASA, 500 Sunnysida
B/vd.,~dbury,NewYorkll797,USA.

• November 26-28, BRISBANE

WESTERN PACIFICREGIONALACOUSTICS
CONFERENCE IV

~e:J/~o~~isearch Ltd, POBox 1, Kensington,

• December 2-4, SYDNEY

INTER-NOISE 91
£~r:JI"do~~isearch Ltd, PO Box 1,Kensington,

1992

May 11-15,SALT LAKE CITY

~~~II~~ OF ACOUSTICAL SOCIETY OF

Detai/s:ASA,500SunnysideB/vd.,~dbury,
NY 11797, USA.



Real-time Frequency Analyzer
. _._.- -~IType 2143

Whatever problem you are working on (qua lity control. noise and vibration ana lysis or environmental
noise. for example ), this Brtie l & Kje r "go -anywhere" analyser gives you.the perfect solution.

Designed/or use in thejiefd, it offe rs you:
• Tru e portahi lity til wei~hs lee.. th an IOk~ ) • Advanc ed tri~~ered multi specl rum facility . Hattery

opera tion 1/1., 1/3-,1 /12- a nd 1/24-(1clo\'c digita l filters . A back-lit disp lay . ,·C/\ IS- I)OX compatible
disk form al . ,\ wat er -resistant front panel . A large non-volati le memory for over 512 1I3·oc la vc
spectra . Direct. preamplifier and charge input s • Opti~n for JO.F.T. operation . J<:asy operation with
on-screen help function • Output to a var i.t'y of pr inters . Option for two channel upgrade.

BrOel .& KjGer NEW SOUTH WALES. WEST AUSTRALIA VICTORIA QUEENSLAND
(02) 450 2066 (09)48 10 189 (03 ) 370 7~ (07) 252 5700


