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• Non-contad means easy measurement of small
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• Improved accuracy
• Saving of cost & time
• More complete & convenient data acquisition
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• Audiology, noise suppression
• Improved acoustical qualities
• Musical instruments etc.

to
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"",mbr.ne of.,,*roplloM
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In lhi, iS$ue, ...ve present. as well as SOme
~gular arti cles, an exten ded review of
acoustic al activuies acros s Australi a
We do not pretend that this is a comp lete
ac«lunt. for reaso ns mat I go into in a
moment. b\rt it is atleast a snapshot o f
the mo~ prominent ac1 ivitiesi n .lalge

sele<:tion of fields of curren t inlere st
Our aim in this is largely 10 in form our
readers abcut what is go ing on, but it

may also provide an opportu nity for a
form of revie w 10 see wh ether the re ere

lhings lhat we shou ld be doing but that
have somehow slipped our COllec live
attention ,

The word "review" lead s me 10 my
nexe poim, for reviews o f all sorts arc a
major grol'l h industry in Au straha ­
even more so , it see ms, Ihan in olher
pm s of lhe world, though thc custom is
widesp~ad. Thi s fash ion is linked. it
seems , 10 rhe ris e of management
co nsullanls at all levels, and 10 the
pas sion of the government for
"accountability".

No one would argue Ihal we sho uld
not be cereful aboutthe expenducre of
mcncyand partic ulany of pu blic fund s,

and the professe d purpose of manifo ld
review s is to ensure lhal such fund s are
spent wisely and for the greates t benefit
10Australia. Theone thing that has not
been~viCWC'dislhc efficacyofrcviews!

Indeed, one mightr"l:lSOnably mainrain,
on the basis of many examples, lhal the
vcry process ofrcvicwing an u livityor
an orga nisa lion has a marked negal i\ e
effe ct upon irs produ ct ivity, simply
through time and reso urces wasted on
the process , and the unavo idabl e
dismplion s caused by impleme nling its
fi nd ing s And findings and
recommenda tions for change there must
inevitably be - a review that <;oncluded
evcrylhing was in good orde r would be
regardl'dby those who commi ssioned it
as a failure!

While Wl: are tal king abo ut reviews,
leI us hope: lhal some of lhose thaI I re
curre ntly nearing ccmpleucn in lhe
w'ider co mmunitywil1 bearuseful rruil,
We know that our Universuie s I re in a
sad stale, and it is huh.' co mfort 10

reali se that we are foll owing
mtemational trends - do all po liticia ns
read the same hooks ? The Stocker

Review had some good Ihings 10 say

about research, but what we read of the

Mortimer Rev iew is alarming to say the

least. Th e brightest light in the sky OIl

presenlislhe hopeofafreshapproach

from the West Review of universieies,

dUCOUlin drafl form in October

BUI here . in our journal, is a rev iew

Wilho Ul pam and without

re<:ommendations,put togelher ,, 'ithlhe

help of a few kn owledgeable people and

wilhout very much COSI 10 lhe acou stic5

communily in either time or money.

compared Wilh an official rev iew My

impression is that we have a wealth of

go od wor k in prog ress across the
coun try in most areas, hut I am sure

there are olher peop le \O'ork inll inlhe

field whom we have missed , I urile you

all 10 read it, think abo ut il,and, if yo u

havc ag<X>didea, do sornething abou l il.

If you r work has been omine d (or,

inde erl,i fi lhas been included!), perba ps
you wou ld lik eto .. rite an anic le about
it for Acous tics Austra lia

N"" iIfc fo'k ' rhc,

Flnll l~'TERNATIO~,\ l CO~GRESS~ AUSTRALIAN ACOUSTICAL
ONSOUND AND \'IBRATlO~ SOCIETY A:,,/SUAL CONFERE/IICE

DefCmb er 1S-18, 1997, C nhenily of Ade la ide , So ul h Aus lr.lia

The Congre ss programme will include keynote addresses , tutori als on spec ialised lop ics and invited and contri buted papers
in all areas of sou nd and vib ration plusa technica l exhihition and I social program

Thc following topics will b<:prt.c nted in plenaIy se» ion. ·

SJlo.;t ..<I..... dy M mia. Sir hm es Liihl hill UK,
Ilc!;rop re,rororae,.".,roustieJ. llanoo HellerGc nrumy,
USA, Vib,.,,,;o>/,"ppreU;OIl. Dan 1 t\Jt1~n USA,
Di(/gllosticsofbN';llg, olldg~TJ. Bob RalldanAlI5l,

R" ,,,,, d<'V('lopm, ms, Malcolm Crocker
Acm·'C'romrvl. Chris FullerUSA,
l/ , g, lngp,,-,lerION.SamirGcrgcs, Brazil

scccocs Australia

C8bl:'"' Sur", • •llt , Dc-panmellt or Mechank al Engineering, Unive~ity or Adelaide
TEL +61-g·8l0 )-5460, FAX, +61,g,g30J..4l 61. iu vS@meeheng add aidc.cdu,au,

hup:f1www.iuvS.OO.flC'1
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Acoustical Research In Australia

Abstra~l; A bridrcyicw is given of Auslralian ~se.rch and development work in a wide range of arc. ' of . "lOulies.
ArcascoveredincludemclSuremc nl.ndcalibfalinn,h umanh •• ring,bioI Oii"l acousl;cs, mwic alaco""li"', ultrason_
k ',underwalc r awuui cl , llCllvc nois.eand vibfl lionconlro l.me ch.ni cal " ibralion. building .nd ind".lri.l a.:.....utict. and
"",vi<On",",,,,I . rou !lh cf

From nme to timenls apprcp riate to stand back.and look at
the range ofacous tic activity lhat is going on aroun d Auslralia.

~rcason for lhis is lha'cachofus tcndstQintcraclnmst.ly

wilh oth. rs in our own particular spec ialised field, so Ihal we
arc cOIIIpuativcly ignorant of work in other arcU , This is a
pity"ince tcchniq...cs,m: oflc nu,<: fullylllUl S(ctrcdbclll<ten
apparcnlly quite differr nl arca sofrcsearch,devcloprncn l and
appl ita liun Anolh errcasonfor sucha s\lTVeyi s simply one of
the inlerests of the profession. At a time when both science
and technology are find ing decreasing levels of government
support, we all gain by publicising our successes and by
showingolhers the breadthand scopeof oUT K tivilics.

In pull ing together lhis survey, the &Iilors have not
anempied an exha ustive comp ilation of all acc ustlcs-related
activity in the country , Rather, we have invited specialists in a
wide range of differen t areas to eac h wntea brief ccmm ennry
on Ihe things that seem tothem lobe most interesting among
current activities. In Ihis way we hope 10 have provided a
readable and intere sting docu menl that conveys the general
flavour of acous tical aCliv;ty in Austral ia

There may be areas thai have been cmuted by falling
throug h the cracks in Ihis approach , and 10 those people we
apologise in advance . Particular top ics thai have nol been
tru ted incl ude Australian noise $Iandards, ar(hite ctura l
design, human audit ory physiology, and psychoacnuslics. We
have also not allem pled to give a compr ehensive account of
the widely varied act ivities und ertaken by acoustica l
consultants. Per haps we will retur n 10 these al ano ther nme

I. MEASUREMENT AfIr; D CALI BRAT IO;\o

SusunneThwa itcs
CS IRO TI'Ie.:ommu niU lloJU a nd Indu str ial Physics
U ndfield, /I;SW

Australia's national standards of measurement are held at the
National Measurem ent Laboratory (NMl) in Sydney NMl is
actually pan of the CS IRO (Common"..ealrh Scientific and
Industrial Research Organisation) , a slalUlorybody involved
in all areas of scientifi c R& D and employing some 6OClO
peop le Aus tralia wide. The roles of the NMl and CSIRO in
standards are defined in the Na tional Measureme nt Act (1960)
and essentially encompa ss the development and maimenance
ofwurld clas s primary standards ot measuremcm and the

Acoust,cs AUsira lia

dissemination of these into the measur ement chain via a first
level calibration servic e. At NML the Acoustics Project
perform s mese roles in add ition to an involvemen t with
international S1anditds committeesand activities in the Asia
Pacific region. H~r, aspa r1o f th~ CS IRO, th c projel:l also

conducts rt";l"Meh and developme nt program s associat ed with
the measuremen t of acoustic and vibrat ion quanti ties in
industry. ln ihe foUowing we look at these various functions,
in the acoustics context, in turn

Prl mu y St andard.

At the foundat ion of a national meas urement system must be
a prima ry, abso lutely derived. standard, In acoustics this is
achi evcd. ~rldwide,by the maintenance of sctsof l hrccl .

inch cspacitor microphon es of an agreed design which arc

calibra ted using the principle of coupler rec iprocity as laid oul
in an Internationa l Standard (IEC 1094-1,2), At NML such a
set is maintained alrhough the implementation of coupler
reciprocity is slightly different to the standard one (a j-port

coupler is used instead of a 2-porl one) allowing equi' a lent
volume correc tions 10 be:mad e automaticall y and also making
Ihe whole process amenable to automation. Our primary set

was established in 1980 and has been calibrated ove r 700
times since then showing negligi ble dn ti ove r this time. The

uncertainly at 95~. confidence limits is 10.07 dB and the
repealability in lhe laboratory is within 0.02 dB

Dlssemlnauen
Diss.em,nalion is the second respon sibility de...olved to NML
under the Natiooa l Mcasurement Act (sec above) . Th is is
achie,-ed in 1" 0 ways; I) opera ting a fin t level calibration
ser vice and 2) supporting the activities o f the Xauen al
Associ ation of Testing Authori ties (NATA) which accredits
tesline laboratories and servicC$, As part of the accl"Cditation
process a laboralory's technical competence, organ isaTional
struc ture anJ the tra, eabilityof its instrument calibrations to
t"Ml are assessed . Frequent ly the technical assessor is an
officer from NMl. In addition NATA runs proficiency round
robins for various tests, e.g. calibralion of a SOIlndlevel mete r,
byc ir( ulaling anartefact amongst accreditedlaboratories The
NML acoustics group is usuall y the technical hub forthcsc
events and is coordinating a sound level meter round robin at
the moment
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"hu e Ma9 or ..... ic: WIVeS I'f<IP<'p bn, ........ &II oir~flln

compooiltp&llelWltbadelaJllinaliondefM .Thc"WC"panOr
lhc rlpft"'-sco.pcrimemaI mullS. T1Ic...,tlI'aholl~ iii
ofI'dw I<Ip ofdw fi,...e (lk onain or~Pre.w~d"nu}
andtbe derCdia\ol;aled_ the~ordM:I*'d.1lw""",,"

,.., ofdM:fi,..e .,.,.tberuullS ofa~~

Thrai# ot dwimapd l«tioa .ahoIlI 20~

CaUbntio.~

ArrJ miaophonn un beealibntc4 by W ac:ou'Sfi" proj ect . If
IItcy ar c Ilandar d pattern mitrophOllCI !hei r Ibsolute
sauitivily ilcsU,b1 ished inlhc l-porrcoupln' .Othcrwise l
~losedoouplcror free fieldc:ompari$Ollmethod i. used. In I
d oscd wuplcr I U (JWIIsound field c:an be JeI up usinl I
standardmKrophonc and an inKf1 \'Olts lechn iqllC. ln I free
field~l subsli!lllion methodwilltlfreerlCld

.... nd&nli.Ulcdelimin.atinglhcnecdrar lknownSOl.lndfield
FreQlI"ICY mponse m.J.y Ilso be meuurcd willt IItese

teehniques IlthO\lgh, for IIl ndl rd pattern microphones .
l'lcctf05tatic ae:t\lltion is OftlCTl I bener approac h. AI low
freqvcl\Ciel microphones are Cllibrall'd in I pressure and
vibrl lion iw lll ioR veu elwhic:h l llows lhl' baek veRllo be
included in the sound field giving I tl'llC low frequcncy
response. Thl'Sl' techniq ues grve an operaling cl libralion
frequenc)' rangl' extending from 10 mHl up 10 100 kHl .
dq'll'ndinl on Ilte miero phonc . but the uS\lllrange is 20 Hl 10
20 kHz.

"Theranle of ocher instrumen ts commonl y submitted for
calibnlMln includes ptSloophonc s, cahbral on. 50UIId I~I
mden, TlGiseIoggeu and filler seU.

50 · \101. 25(1997Itotl ,2

SctIi a g Standnlls

AUSlnli.n standardsexil l f", most of the leslS mentioned
above . It is the:gcnc:rall'llie ltAl Austra lian stl ndards {O'Ilow
ee inlml.lotioml ones so ltAl new or revised lEe standard-are
used as thl' wis for new '" revised Australian OMS. The
deI.-elopmml Of lhl'H starMbrdJ is foll~ with great inlnnt
si~ lhcwmphan« lc:sU c:onta inedtbcre. in have lO be
impl l'menled II NM L. In KV ctal curs the lroup hal
membership 011 1M reln'anl IEC ...........ieg lroup. as the
SWldards Ausl,.. I,1 (SA) re~l:alive; Ip«lfically
TC19/WG " ((:.IhbrllOl"S) and 17 (sound~ metrn) and.
brgi rutlll&this)Ul". 5 (rnicrophtlnl's )

Asia-Parillc: :'oIelrolofyPnlcram
The 21 mem bet Asia-pae iflC Metro logy Progmn (AP~lP) is

I co llihoofilion between nll ionalilerri lori.1 mcuurcmenl
labora tories in Ilte reeioo Somcof ils main obj C'Clive5 I re 10

Provide Iflin iol. advice and consllll in cy 10 ne....'

laboralOlies
Develop objcclive I« hnical eviden ce of mr .S llrl'Jllrnl
tr1lceability Ind com petence as I basis f", multi·l lll' ral
m:oprLtloo .
Support the objeclivn of Ihe Asia_Pacif IC Economi c
Coopenl lion(APEC)

The APMP is I'IInby an elected regional coordmat or and
the secretari at is located atthe coordinator's iastinn e. For the
term 1994-98 the sccrel";.l is al NML. Fund ing comes from
a number of sources including APEC. mem ber governmenls.
thr Unilcd Naliona and Ihr World Bank

Tv.o Kli~ ilirs in which Iltl' 1oo'M l acou Slin &rOllp is
hl'avily involved are lSKI5RIenl of !he needsof drvl'lopi ng
Slanlb.rIh laboraloMs in the: regiOll and lnIinin & I I I\M l of
offiern from lhcsl' l. boral or1es. The Croup has lv:>IIed
Ir:lining\'isilSfnxnandvisited groupsinrn&ft)"IlotIthEast
Asian cowllrin indtMiinc Indonrsi.. lll.ibnd, Philippines
and Viruwn Calibration inlCKOm(Wlsortsbr:t"'C'CD APMP
mcmbrts are 011 going. coo.-r:Iinated by various member
inSiitulions .COIK'Ortlilllltwilltlltrse ae:tivilies islhc sll'Jlping
up of the rncmbcnhip and lkvclopmenl or APl.AC . the Asia
PacifIClabonlorics Ac:acd italion Cooperal ion, Ihl' R'gional
equi valenl of NATA. TM NML. ae_slies e roup is
coo.-r:Iinalin, a calibrl lor round robin for Ihc APMP and a
sound Jco.-cl meier inlrrcom pMison for APl AC.

Rew ord, and ~lopmcnl

R &.0 prognml in !he group vary from )'Car 10 )"ear. Recent
and C\I=nl IClivilics include I' OT of campoli ll' malerial l
used in aerospace and marine applicalions. This. sizeable,
project joi ntly I'IIn will! Bor inll Commercial Airp lanl' Group .
has ir rvesugat ed the use of low Ireqaencytamb ...../IVl's «H
ktlz)10 detect defectsin honeycomb-cered composites.

UlI/fllon k T/fl~sduC'/;'"

This proje clv.orkedlOW.rdsadesc::riplionof allO'o'el.
efJicienl, l ir coup ledl ransdllc:crdrvl'lopedaINML. for use in
I U now mc:lmnl "TheIrIIIllluc er is air""oupled and opcr.t.lcS

in the:lOOlliz ranac .



Microphone design

This work, undertaken for a successful small Australian
company which manufactures and markets microphones of its
own design, involved the development ofagood model for the
microphone with a view to making design changes in the
interests of more efficient manufacture in Australia.

2, HUMAN HEARING
Denis Byrne
National Acoustic Laboratories
ChatswoodNSW

Robert Cowan
CRC for Cochlear Implant, Speech & Hearing Research
Melbourne

In addition to physiological research, Australia has a strong
record and extensive current programs of research into
hearing prostheses. Primarily, this consists of hearing aid
research, at the National Acoustic Laboratories (NAL), and
research into cochlear implants, electrotactile and other aids at
the Bionic Ear Institute, the University of Melbourne, and
Cochlear Limited. Much of this work is now being conducted
through the Cooperative Research Centre for Cochlear
Implant, Speech and Hearing Research, in which the four
above institutions are the major partners.

NAL's achievements include the development of
prescriptive procedures for fitting hearing aids to suit
individual hearing losses. The first procedure was published
over 20 years ago and has been succeeded by numerous
studies providing refinements, additions and validation data.
A 1996 American publication states that the NAL procedure
is "Probably the most well-known, widely used, and
experimentally verified". The range ofprocedures;includes
prescriptions of gain, frequency response and maximum
output as well as modifications for severe and profound
hearing losses. Current research is extending procedures to
the fitting of non-linear amplification and is optimising the
design of non-linear hearing aids. It is also examining how
amplification needs to be varied, either automatically or by
the hearing aid wearer, to suit different acoustic conditions
and listening preferences. Other forms of signal processing,
for implementation in future digital hearing aids, are also
being developed and evaluated. Anotherresearchprogram
concemsthe design and fitting of hearing aids to optimise
auditory localization and possibly other abilities requiring
binaural functioning. One aspect of this research has shown
that the choice of earmould type, for coupling the hearing aid
to the ear, can substantially affect the acoustic information
available as cues for sound localization.

Current psychoacoustic research includes investigation of
frequency and temporal resolution in hearing-impaired people
and, especially, how speech recognition is related to signal
audibility and hearing loss characteristics. This has suggested
modifications to the Speech Intelligibility Index when using it to
predict speech recognition by hearing-impaired listeners. This
work has major implications for understanding the amplification
requirements of people with severe hearing losses.

Other research has been concerned with.fhe effects of
noise on people and with hearing loss prevention. Currently,
otoacoustic emissions are being studied extensively for
various purposes which include the early detection of cochlear
damage and, hence, a warning of the need for preventative
measures. Otoacoustic data are being used to predict future
trends in the prevalence of hearing loss in the community. The
risk of damage from overamplification by hearing aids,
through using "Walkman" devices, and from music, are other
strands of hearing loss prevention research. Other research
includes the development of hearing impairment tables, for
compensation purposes, and the use ofotoacoustic emission
testing forth" screening of hearing loss and identifying aural
dysfunctions.

The National Acoustic Laboratories, now 50 years old,
recently compiled a complete set of its research publications.
These number about 200 on noise and its effects on people and
over 400 on hearing and hearing aids.

Since 1978, the University of Melbourne and Cochlear
Limited have collaborated in long-term research to develop
the Nucleus 22-channel cochlear implant, and to consistently
improve its performance capabilities over time, enabling
cochlear implant recipients to obtain improved understanding
of speech and sound, to engage in telephone conversation, and
in the case of children, to develop near-normal speech and
language when implanted at an early age.

This research program has been strengthened through the
Cooperative Research Centre, which has concentrated efforts
on both development of new hardware and speech processing
to help the hundreds of thousands of persons in Australia and
world-wide who suffer from severe hearing disability.
Research is directed at further improvements to the Bionic
Ear, so that users obtain improved speech perception and
Australia remains foremost in the world market, and so that
infants and those with some residual hearing can also gain
benefits. The CRC is also directly involved in developing
advanced speech processing hearing aids, noise reduction
microphones, electrotactile devices, and auditory brainstem
implants to extend speech perception benefits to all hearing­
impaired persons. The CRe is also involved in research to
develop improved tools for use by clinicians, an example
being CASALA, or computer-aided speech and language
analysis software, which greatly reduced the amount of time
required to analyse speech samples.

A recent result of this research was the release of the
Nucleus 24 Cochlear Implant System, incorporating an
advanced cochlear implant, the CI-24M and two new speech
processors, the ESPrit'" ear-level speech processor and the
SPRINT'" body-worn speech processor. The new cochlear
implant can operate at higher rates of stimulation, enabling
implementation of both the current SPEAK coding strategy,
and advanced speech processing strategies developed by the
CRC. The CI·24M incorporates sophisticated diagnostic
neural telemetry functions, simplifying use of the device with
infants and young children. CRC biomedical research has also
enabled the CI-24M to be specially shaped to enable infants to
receive their implant during the critical period of speech and
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speech processor is a significan l advance, allowinjl rhe
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3. BIOLO GICAL ACOUST ICS

Alisdalr DI_1
Dt pll' lmUl orT..oology
(; nlvt nl ly ofMtlb llUrne

Sounds made by animll s are a fam iliar and pervasive pin of
the outdoor acoustic environRtenl . Some comm on n amples
are Ihe cali s ofinscct s, froe 5, In dbirds , whicb oftenc onsisl of
songsproduccd by a male in an ane mpt to auraCI potenlia l
males. Anolber example is Ihe biosona r of~holocal inll bats,
whichenablesbautohunl at nilht . looto l void co1lis;OM, AI
the differential sur vival and reprodu ction of individuals
underp inlcvollllionary lheory, lIporl whieh mO<iern biology is
based,il is hardly sUlprisingtltal the sounds made by anima ls
are of great inte rest 10 many biol08islS.

There Ire several approaclles to the Itlldyof bioacolIStics,
each of which prO'llides valuable informa l;on aboul the IISC of



sound by animals. One strategy takes advantage of the fact
that males advertising fora female usually produce songs that
are species specific. Hence, these songs can be used to
determine the species-identity of an individual, or the species
composition of' a population. For example, populations of
frogs around Australia have been assessed and monitored
using the vocalisations of males. This method of population
assessment has been used by Margaret Davies and her
colleagues, based at the University of Adelaide, Dale Roberts'
group at the University of Western Australia, and William
Osborne and his colleagues at the University of Canberra.
Similarly, researchers at the University of Queensland, led by
Mike Ryan, have found that an Australian landbug can be
distinguished from its Slovenian conspecifics by differences
in vibratory signals. Surveys of the bat fauna of Belair
National Park, near Flinders University in South Australia,
have been carried out by Ken Sanderson and his research
group using the ANABAT system, which detects and records
theirultrasonicbiosonar. The same research group at Flinders
University has also characterised the songs and alarm
vocalisations of many bird species.

Another approach is to study the behaviour of animals to
determine the biological function of their acoustic signals.
This approach has been used by Stella Crossley and her
colleagues at Monash University to study the effects of the
courtship song in fruittlies. Leigh Sirnrnons and Win Bailey,
at the University of Western Australia, have used a similar
approach to study the function of the calling song in
bushcrickets,andthewayinwhichthewhistlingmothdefends
its territory with sound. A study carried out by Andrew
Cooney, at the Australian National University, has
investigated the role of female song in superb fairy-wrens.
Michelle Hall, also at the Australian National University, is
studying the duetting songs of magpie larks. Similarly, the
function of song in zebra finches has been studied extensively
by Richard Zann at LaTrobe University.

As acoustic communication plays suchan important role
in the reproduction of many species, it can provide insight into
evolutionary processes such as sexual selection and the
formation of new species. Murray Littlejohn and Graham
Watson, at the University of Melbourne, have looked at the
effect of variability in the call of male frogs on the choices
made by females, and tested for changes in the song structure
of an Australian frog species after its introduction into New
Zealand. In a similar vein, Dale Roberts from the University
of Western Australia has investigated the effect of
hybridisation within a group of closely related frog species on
the structure of the male call. Leigh Simmons, at the
University of Western Australia, has also tackled evolutionary
questions studying insect communication, such as how call
structure in crickets is affected by age and parasite load. More
recently, he has investigated the effect of asymmetry in the
sound production apparatus of male crickets on the calling
song, and how this in turn affects female choice.

Biologists are also interested in how animals produce the
sounds used in their acoustic communication. Insects have
provided valuable models for in-depth study of sound

production in biological systems. Studies carried out at the
University of Western Australia, by Win Bailey, Leigh
Simmons, and others, have investigated the energetics of
calling in bushcrickets, illustrating how costly it is for small
animals to produce sound. A series of collaborations at the
University of Melbourne, involving David Young, Alisdair
Daws, and several colleagues, have also investigated sound
production in insects. These studies have resulted in acoustic
models of sound production in male cicadas, which possess
large, hollow abdomens that act as resonant chambers, and
male mole crickets, which sing from within a specially
constructed singing burrow that is tuned to the song
frequency.

Another aspect of biological acoustics is the study of the
detection and processing of sounds by animals. The group at
the University of Melbourne has studied the way female
cicadas receive and process information in the songs of males,
and how they use this information when choosing a potential
mate. Likewise, the transmission and reception of the song of
a desert clicker has been studied by Win Bailey at the
University of Western Australia. An intriguing variation on
the study of acoustic communication in insects, also carried
out by Win Bailey and his colleagues, investigated the way
bats localise insect calls when hunting. Hearing in other
vertebrates has also come under investigation. Dexter Irvine,
Ramesh Rajan, and Lisa Wise, at Monash University, have
conducted extensive studies into the neural processing of
auditory information in animals such as cats, rats, and guinea
pigs. Research on the neural processing of auditory
information in cats has also been carried out by Mike Calford
and Jack Pettigrew at the University of Queensland. Similarly,
Ken Hill at the Australian National University has studied the
processing of auditory information in cats and wallabies.

Given the range of acoustic animals native to Australia,
and the biological importance of the questions they pose, the
study of bioacoustics promises to remain an exciting field
with many avenues of research open for investigation.

4. MUSICAL ACOUSTICS

Neville Fletcher
Research School of Physical Sciences and Engineering
Australian National University
Canberra

Musical acoustics is a field whose boundaries are hard to
define. Properly it means the application of science to the
study of musical instruments, but this definition shades off
into the making and improvement of traditional instruments
and the empirical development of new instruments in one
direction, and into the study of performance techniques and
the psychophysics of musical perception in the other. Some
aspects of the development and programming of electronic
and computer-based instruments might also be included.

Musical Instrument Making

The art and craft of musical instrument making is well
developed in Australia, and instruments made in this country
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are praised by visiting performers. Only a few makers can be
mentioned here, but a much wider survey is given in the recent
excellent book by Michael Atherton (Australian Made...
Australian Played... New South Wales University Press,
Sydney 1990). The most visible instrument is probably the
wonderful five-manual mechanical-action pipe organ in the
Sydney Opera House, built by Ron Sharp, but there are many
smaller instruments throughout the country by other builders,
and Australian craftsmen maintain and restore notable
instruments imported last century, a notable example being the
great nineteenth century Hill organ in Sydney Town Hall, with
its full-length 64-footpedal reed rank. On a smaller scale, Fred
Morgan's baroque recorders are in demand throughout the
world, and we have fine makers of harpsichords, dulcimers,
guitars, violins, flutes and oboes, while Hervey Bagot has a
scientifically based bell foundry in Adelaide.

Innovative and experimental instruments also have along
and continuing history here, ranging back to Percy Grainger's
experiments, at least twenty years before their time, with
electronic sound synthesis. His Heath-Robinson-like
invention is still on display in the Grainger Museum at
Melbourne University. More recently, the Fairlight CMI
(Computer Music Instrument) introduced many new concepts
in sampled waveform manipulation, and for many years
dominated the top-end market for film background music and
popular music groups.

Turning to the more strictly scientific aspects of music­
instrument acoustics, mention should be made of Graham
Caldersmith's development of' a family of four guitars, one
higher in pitch than the standard guitar and two lower. This
development, which pays careful attention to soundboardand
body-cavity resonances, closely parallels Carleen Hutchins'
development in the US of a family of eight bowed-string
instruments based upon the design ofa violin by Antonio
Stradivari. Graham's guitar family can be heard on the best­
selling CD by the Canberra School of Music Group "Guitar
Trek", released by the ABC.

Acoustic Investigations

Studies of musical acoustics from a scientific viewpoint are
generally undertaken by physicists with a major interest in
some other area, so that the field is somewhat fragmented.
Nevertheless, a significant number of students have
completed higher degrees in the area, though their
employment after graduation has been in other acoustics­
related fields.

Among those who have worked in this area, and continue
to do so, are loe Wolfe and John Smith (University of NSW)
who have developed a new method of measuring acoustic
impedance and are applying it to wind instruments, Gordon
Troup (Monash University) who has been particularly
interested in vocal-tract effects in wind-instrument
performance, Hans Gottlieb (Griffith University) who
investigated an interesting series of annular drums with quasi­
harmonic overtones, Hervey Bagot (Adelaide) and Neil
McLachlan (RMIT) who are concerned with bells and gongs,
Graham Caldersmith who examined resonances in string

54 -Vol. 25 (1997) No.2

instruments, Howard Pollard (University of NSW) who
worked on tone quality in organ pipes, and Neville Fletcher
(ANU and ADFA) who studies nonlinear effects, particularly
in wind instruments, gongs and cymbals.

Musicology

Australia has some significant collections of musical
instruments, for example at the Power House Museum in
Sydney, and in some University music departments, and the
curators of these collections encourage study of their
acoustics and performance techniques.

Much of the academic work on musical instruments is
devotedtoethnomusicology,withparticularemphasisonthe
didjeriduandothertraditionalinstrumentsoftheAustralian
aboriginal people, on the garnelan instruments of nearby
Indonesia, and on instruments from other Pacific Rim
cultures.

Vocal Performance
Over the past year, a new National Voice Centre. has been
established in the Faculty of Health Sciences at the University
of Sydney, thanks to the efforts of Pam Davis. The objectives
of this Centre are to apply scientific methods to studying and
training the human voice, with particular practical
applications to singers, actors, and others to whom the voice
is vitally important. The Centre brings together respiratory
physiologists, ear nose and throat surgeons, vocal coaches and
professional musicians, and offers clinics as well as
undertaking research. Many of the approaches vital in singing
are also important in the playing of wind instruments, and the
Centre initially has research projects related to breath control
in flute playing and related areas.

Some of the work mentioned in the previous section is also
relevant here, particularly Gordon Troup's interest in vocal­
tract effects in reed instrumentperformance,andloe Wolfe's
equipment that allows real-time measurements of vocal-tract
resonances.

5. ULTRASONICS

George Kossoff
Ultrasonics Laboratory
CSIRO Telecommunications and Industrial Physics
Chatswood,NSW

Research into ultrasonics in Australia is undertaken primarily
by statutory authorities and government organisations. Often
this research is performed on behalf of or in collaboration
with a commercial partner. The applications include medical
ultrasound, high resolution underwater imaging, measurement
of flow in fluids and non destructive evaluation.

Medical Ultrasound

Research into medical ultrasound is undertaken by the
Ultrasonics Laboratory of the CSIRO Division of
Telecommunications and Industrial Physics.

Decision support analysis methods are being developed to
allow accurate identification of high risk pregnancies. This
will allow a more targeted utilisation of diagnostic ultrasound
and a more cost effective provision of health services.

Acoustics Australia
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Comparison of images obtained with tnmsduce1"5 applied
« tema lly on the patient with those obtained with internal
probes dramatically dem onstrates the degradation in image
qua lity incurred by propagat ion through lhe overlying
subcuta neous tiss ues. Forw ard and inverse propagation
compe nsalion methods arc being investigated and im~ssive

improvements have beenobtaine d on dini c&l imeges ecquired
on the Labora tory's arra y research synthetic aperture
equipment.

RC$Can;h into biceffects has shown that, in scree modesof
operation , cu rre nt equi pment ca n cau se signifiu nt
tempcrature elevanon in the foeta l brai n. Studies are being
conducted 10 elucidat e the various faetors respon ,i ble for the
elTecl with view to develop safe ope rational criten a

HllhRt solulion Und en< aterlmalinl

Many of the coastal waters of Auslralia are muddy and this
precludes conventional visual imaging of submcrged objects

The Ultras onics Lab oral ory, in co llabora tion wil h
Thomson Marcon i Sonar, is developin g a hillh resolution 3-D
underwater imaging equipm ent suitable ror mounlinll on a
remote oonlrol operational vehicle . The aim is 10 provide
resolution of lhe orde r ofa few mm over a depth of severa l
metres . The projec t is funded by the Department of Defence
and is being undertake n in co llaboratio n with OSTO.

Me..u~mtnt of fl ow In fl uids

Research into measurement of flow in gases and liqu ids is
earned out in the CSIRO Division of Telecomm unicalions
and Industria l Physics (form erly Applied Physics)

A piezoelectri c polymer foil transducer is used to genera te
ullTasound into gas and flow is measured by noting the
differcncein lhespeed ofuhrasoundberwccnlwn oppos ing
transducers . A domest ic gas meter is being developed in
assoc iation with the Au stralian Gas Light Company to

original corrected

measure flow rates tc an ac.:uracyof - I%. over a nmgeof
flow rates from 40 L'hour 10 6000 lIhour which corresponds 10
flow velocities trom > 10 mmls 10 1500 mm/s. It is designed
roopeT1llesatisfactorilyintemperatures from·20°C lo~

C,and have a battery life of at least 10 years. The advantages
ofan ultrasonic meter are sma ll size , lack of moving parts and
adaptability to electronic remote meter reading.

Another group is workin g on the development o f liquid
meIers, using similar tecbmqu es. The researc h problems
involve the fluid dynam ics of nowalung a tube, within which
the transducers ar e mount ed , The flow patte rns are
complica ted, changing from laminar al low flow 10 fully
turbule nt at higher velocit ies, The flow profil e is also a
function of the mean velocity and the pos ition along the rube.
and depends on pipe geometries upstre am from the meter,
Other research issues concern the propagat ion of ultraso und in
a non-un iform now profile and the measurement of time
differenees ofa few lens of picoseconds.
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The Australian Nud ear Science and Tech nology Organisatio n
conducts research intuacoust ic imaging in supporl of safe
reactor operation

The work on remote ultrasoni c inspectio n of the HIFAR
reactor has led ro research into 2D arrays for higlt resolution
imaging in heavy steel and aluminium sections. Studies are
curre nllyd irectedatdevelop inga 3Dbi_statieimagingsyslem
based on a passive 20 PVDF receiving array and separa te
conventional piero- ceramic transmilte r. Tile emphasis is On
achieving focu ssing enlirely in rece ption, by using a
combinalioo of general purposeand DSP hara..·are.

The 20 array incorpo raleS a single edge-conn ected PVDF
film element with feur sets crtbog ona l Slrip electrod es on each
face . The ort hogona l e1e<:trod e pallern !-amples the 20
pressu re f ield incid ent on the ar ray, yieldi ng Fo urier
coeffic ients for spatial frequen cies in the X and Y direcue es
The result is that the alTay is spars e in the spat ial frequency
domain, unlike arrays which are sparse in the spatial domain
A single set of orthog onal Fouriercocfficients is not suff icient
for 3D image reconstruct ion. Howeve r simullanl'ous
=onstruct ion with coe ffic ients sampled from four quad rants
of rhe array has been shown ro yie ld a unique solution,
prov ided imaging is cond ucted ill the near field . A
regularisingoperatorisusedloyiddresuhscomparabletoa
conventional filled array, wh ile allowing a degree of super.
resolu tioo relative 10 lincer reconsr rucrio n aillorithms. The use
of a non-linearreconslrtlClion algori thm requires considerable
computalion ,and imaginll limes are presently IS-30 mins for
3Di mages of 32IC321C32 pixds

CSIRO

Materials charact erisation and eon-dest ructive testing is a
significant area of ultrasonics activi ly in the CS IRO

Research, in collaboration with Boeing Airplan e Group, is
concentrated on the study of ultrasonic modes that propagate
along multilayered plate struct ures. These are sensi tive to
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material properties and to boundary conditions provided by
adhesive bonding, to detect defects within a composite
laminate and to disbonds. Current work is directed towards
measurement of the strength of adhesive bonds which maybe
reduced by improper curing, inadequate surface preparation,
waterabsorption,microcracking, etc.

Optical techniques, whereby a high power pulsed laser is
used to generate ultrasound and a sensitive optical
interferometer is used to measure surface vibrations, is being
applied to the inspection of hot steel products, in collaboration
with AEA Technology, Harwell, UK. Ultrasound is used to
detect defects in the materials, to monitor microstructural
changes and phase transformation kinetics, and to measure
internal temperatures in large steel billets.

DSTO
DSTO ultrasonics program involves the development of
improved methods to quantify corrosion in ageing aircraft,the
detection of weld cracking, the disbonding of tiles on
submarines, and the assessment thick-section glass-epoxy
composite ship structure.

While much of the research involves conventional
transducers, laser ultrasonics is also being evaluated.
Modelling of laser generation has been carried out and laser
ultrasonics is used to detect surface crack sizing in aluminium
alloys, in one-sided measurement of elastic constant in
composites, and for the development of Lamb waves for large­
area scanning for early detection of corrosion in aircraft skins.

Considerable effort is presently being directed towards the
reliable examination of boron-epoxy composite repair
technology where it is used to validate reinforcement bond
durability and to monitor cracks in non-standard
configurations. Carbon-epoxy composite are also being
examined to assess the minimum detectability of service­
incurred damage to carbon reinforcement, both in the form of
delaminations within the reinforcement and the reinforcement
disbonding,

6. UNDERWATER ACOUSTICS

DouglasH.Cato
Defence Science and Technology Organisation
Pyrmont,NSW

Much of the underwater acoustics research in Australia is
related to sonar, since sound is the most effective means of
transmitting information through the ocean, though there is
also significant interest in the extensive use of sound by
marine animals. Most work is concentrated at the Salisbury
and Sydney branches of the Maritime Operations Division of
the Defence Science and Technology Organisation (DSTO), at
the University of Sydney and at Curtin University of
Technology in Perth. Australian underwater acoustics research
covers the frequency range 0.1 Hzt03MHz.

The acoustic environment of the ocean is complex and
variable and causes wide variation in sonar performance.
Understanding the environment is an important input to sonar
design and optimisation of performance. The same factors
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impact on the use of sound by marine animals. The Australian
ocean environment differs significantly from the colder waters
around North America and Europe which have provided most
of our knowledge of underwater acoustics, so is a fertile field
for research.

Transmission of sound in the ocean is complicated by
sound speed variation, particularly vertically as a result of
horizontal layering of water masses. This results in significan t
refraction, so that transmission in shallow waters (depths <
200 m) involves many boundary reflections. Transmission
loss varies in both space and time, since it depends on the
water temperature profile (through the sound speed),the sea
surface roughness and the acoustics of the bottom. Prediction
of transmission loss requires computational models and
adequate knowledge of the environmental parameters for
input to the models.

A number of computational models are available,
including STOKES developed at DSTO (M.V Hall). All are
limited in their domains of validity, but between them cover
most conditions of interest. DSTO research has assessed these
domains for various models against benchmarks (S. Tavener,
A.1. Larsson and M.V Hall). Generally, the main limitation in
accuracy is inadequate knowledge of the environment,
particularlytheacousticsoftheboltom.

Shallow water transmission loss measurements around
Australia have shown wide variation, prompting effort to
determine the acoustic properties of the bottom (available
geological data have not proved to be useful in this respect)
Current research is aimed at developing and implementing
techniques of inverting received signals from impulsive
sources to determine the characteristics of the bottom
acoustics (M.V Hall, nN. Mathews, G. Furnell and A.I.
Larsson), in conjunction with laboratory measurements of
bottom samples (11. Dunlop, University ofNSW).

Interferencepatlerns frommultipath transmission provide
complicated sound fields, reducing the coherence and
detectability of signals. DSTO is studying the spatial,
temporal and spectral statistics of the signal sound field,
including measurements of amplitude and phase, and
modelling of the times series, to allow signal processing to be
optimised(A.Jones,A.Larsson).

Ambient sea noise provides a basic limitation on the
detection of signals. It results from a variety of sources and
temporal and spatial variation in Australian waters in excess
of20 dB is common. A major component results from motion
of the sea surface, particularly breaking waves. DSTOhas a
long term project to understand the mechanisms of noise
generation and the development of the noise field and its
directionality (D.H. Cato, I.S.F. Jones, and S. Tavener). This
has included theoretical modelling of mechanisms and
experimental verification, including an extensive series of
measurements of noise and its dependence on wind speed,
wave height and white cap coverage.

There is continuing research on biological noise, which is
widespread around Australia and is often the main component
in tropical waters (D.H. Cato and RD, McCauley). Biological
choruses from large numbers of animals are show considerable
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becomiegmore evident as numbers increase. Tbe intense and
variable sounds of humpbac k \l,ftales are tml simt signals that
must be d iscrimieated by soears.

Inectivesonar,scalleri ng of the sonarsignal from objects
(e.g. fish ) in the ocean or from the boundari es provides
~ration"thal 1im it lthedete<,;lionofthe .igrudn:nci:led

from the target. Research on scatteri ng includes measurement,
particularly of bottom scatte ring and re f lectivity al low
grazing angles (0 . Furnell and S. Taylor, OSTO) and general
theoretical research on scane ring from rouli\h surfaces (C.
Macaskill and P' Cao, Sydney University).

Then: is considerable e ffort in DSTO in assessing and
improving lheperformance cf sooar syste ms.jncluding "'ork
on envi ron ment effects, so nar lechnology, r.nd signal
procC$sing. The emph as is of curr ent ",or k is towar ds
mull ist atic and co mbined active·p' l.$sive ope ration for
detecung ves seb, including evaluation in Au stralian
condilions of a low frequen cy ecuve-passive SOI\M 10 be
acquired by the Navy (5 . Tr.ylor, L Kelly, I. Cox, 1. Marwood
and H. Lew), There is a continui ng research on the tracking
and classifica tion of targets by mulli-element systems, and on
mine hunting sonar s (8. Ferguson G. Speechley, D. McMahon
andJ . Riley). Some techniques are bei ng applied 10 detection
in air for Anny operatio ns. There is signific anl involvement
by indul lry in sonar technology research (Tompson Marconi
Sonar, Nautronix, RJ. Wyber)

DSTO projec ll arc also concerned with the protecling
vessels againsl IOnar detect ion. Thi s includes: Itudies of their

ta'llet slrengths and their rad iated noise (M .J, Bell, and G
Futnell) . Reduction and contro l of vessel acoustic signat\lres,
ha ~ addressed sources and acoust ic path s to the water, and
includes work On passive isolators, active noise control ami
mode llin&(C. Norwood)

Scane ring of soun d can be usef ul if it Shows the
environmemi na ",ay that a ids deleclion o ra targel. Delect ion
of mines on lhe sea Ilccr is enhanc ed by the contrasting image
of the sedrreenr and the presence of the acoust ic shadow.
DSTO's current research include s measureme nl of scattering
fTom a patch of sedime nt at prccisely del ermin ed angles of
incidence, usmg speciall y designed instrume nta tion, and
imaging using side scan sonars (S. Anstee, A. Parkinson ,R
Neill)

Scanering is also being appl ied to measure rhethickness of
Antarctic ice, the abun dance or krill biomass, and fish stocks
(A. J. Duncan, J.D. Penrose, G. Bu.h and P. Siwebcssy of
Curtin and T J. Pauly, AntarClic DiYision)

When acoustic mines I re investigated by divers or
remOlely operaled vehiclesll5 pari o f th" clearance process,
lhe noise they gene rate m USI be carefu lly conlrolled to a"oid
tri&iering the mines. DSTOisinvesligalin g the noise of di.'eTS
and vehicles under operational cond itions 10 min imise Iheir
w lnerabili ty (8. Jessu p, S, Bocquet. J. Barne s, D. Mathews, J.
Menqox, N. Capps and). DSTO is working with Au stra lian
Defence Industries to develop a new undetwater noise source
which would emulate ship signatures for mine sweepin g (B
Castles and S. Page)

Fine scale imaging of mines is impona m in identification,
buto ptical methods are ineffective in the turbid waters that are
common around Australia. A research project on "acoustic
vision" by OSlO and the forme r Ultrasonics Institute has
shown the poIential for innovation in underwate r imagi ng by
IOIInd (IS .F. Jones, D.G. Blair and D.E. Robertson) . Th is has
dcmonStr1l1ed that the ocean medium can support imaging of
millimetn: resolution at ranges of several metres. using
frequencies of a few megahertz with sparse, random array
technology. The project is now in Ihe development phase with
Thomson Marconi Sonar (A, Madry) . Research conli nlX'S on
the effecnveness of the medium to support transm ission at
megahertz freque ncies, inclutli ng the scalter ing of sound by
fine scale Iloctuauo nsin tempeta ture and water now. and by
rine particles, and transm i"ion through bubb ly water (R.A.
Thuraisingham)

"Acoustic Daylight~ ila new 5Ollar concept developedby

Scripps lnstituuon of Oc eanog ra phy. Californi a ( M.J.
Buckingham ) thai u5C1ambienl noisc 10 image objec ts in the
ocean. DSTO il collabora ling in further development and
applica tion 10 Australian condition s, parti cularly exploiling
snappin g sluimp noise( M. Readhead)

The Univ ersi ty of Sydn ey ha s an activ e an active
postgraduate resear ch program in marine bioacoustics i,n
conjunc tion with Taronga Zoo and DSTO (T. Rogers. K
Schultz, M, Noad, 0 .11. Cato and M .M , Bryden) . Stud ies of
the IOUndS of leopard sea ls in captivity and in the Antarctic
have distinguished between local sounds of close range
interaction be""un indiv idu.d s and sounds broadcas t by
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isolated individuals (both male and female) over long
distances associated with breeding activity. Studies of
communication sounds of three species of dolphin have
related the characteristics to differing behavioural
requirements of the species. Current research with humpback
whales involves both acoustic and visual tracking of the
whales to improve our understanding of the function of their
long and complex song.

The impact on marine animals of noise from human
activities is also an area of investigation (R.D. McCauley, D.H.
Cato, J.D. PenroseandA.F. Jeffery). A study of the impact of
whale watching on the humpback whales in Hervy Bay,
Queensland has lead to guidelines on design and operation of
whale watch vessels. A project at Curtin University is
investigating the impact of air guns used in seismic surveys
for the oil industry on a wide range of animals and includes
modelling and measurement of sound propagation and
ambient noise.

7. ACTIVE NOISE AND VIBRATION
CONTROL

Colin Hansen
Department of Mechanical Engineering
University of Adelaide

There are a number of groups in Australia currently
undertaking research in the active control of sound and
vibration. Although much of the work is being funded by the
Australian Research Council (ARC), a number of groups are
receiving funding from industry and one group is supported
entirely by the Defence Science Technology Organisation
(DSTO).

University of Adelaide
At The University of Adelaide in The Department of
Mechanical Engineering, the Active Noise and Vibration
Control Group, led by Colin Hansen and Scott Snyder with a
team of 12 postgraduate students, a Post Doctoral Research
Feltow and a Research Officer, is undertaking research ina
number of areas as follows.

Sound transmission into irregularly shaped enclosures

This project, funded by the Sir Ross and Sir Keith Smith Fund
and The Australian Research Council, is concerned with the
active control of sound transmission into enclosures of
irregular shape such as aircraft cabins and motor vehicles.
The project is concerned with a number of physical acoustics
issues such as optimum location and type (vibration or
acoustic) of sensors and actuators using genetic algorithms
and the description of the vibration response of the enclosure
bounding surface in terms of orthogonal acoustic radiation
modes rather than normal vibration modes. Signal processing
and controller issues being addressed include short-cut ways
of performing on-line cancellation path identification for
systems with many control channels,the developmentofa
high-speed multi-channel floating point controller with a
windows menu system for optimising the controller
parameters.
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Electric power transformer noise

This project is concerned with the active control of electric
power transformer noise and is funded jointly by The
Australian Research Council and the Electricity Supply
Industry. The need for the work has arisen from the presence
of substations in residential areas, usually as a result of houses
being built around existing substations rather than vice versa.
Problems which are being addressed by the research include
control system instability resulting from many channels of
control coupled with large distances between the control
sources and error sensors. This problem is being tackled by
using near field error sensing and fewer large control sources
(cavity backed curved panels driven with piezoelectric
actuators). Piezoelectric patches on the transformer tank are
being considered for control of the 400Hz and partly the
200Hz tones. Near field acoustic error sensing poses some
interesting problems in that only the propagating part of the
field must be present in the error signal used by the controller
Other problems being addressed in the project are associated
with the large number of controller channels required and
associated techniques for optimising controller set-up
procedures, practical installation ofa system which must
function for an extended time outdoors in a hostile
electromagnetic environment.

Active vibration-isolation

A third large project currently being undertaken at The
University of Adelaide is concerned with a thorough
fundamental study of the physics of active vibration isolation.
The work is currently being funded by The Australian
Research Council and includes the developmentofa 6-axis
activevibrationisolationsystem,consistingof6-axissensors
and actuators. Error signal cost functions for minimisation
which are being considered include force, acceleration and
power transmission at the base of each mount. It is considered
impractical to use distributed accelerometers to minimise the
kinetic energy of the support structure.

Controller optimisation

Two projects are on-going in this area. One is concerned with
the effect of parametric uncertainty on the performance of
feedback control systems and how this maybe compensated
for. The other is concerned with the optimisation of algorithm
parameters for feedforward control.

Other work at The University of Adelaide is concerned
with a fundamental analysis of the use of shaped sensors for
providing a signal proportional to sound radiated by
arbitrarily shaped structures, optimisation ofsensingsystems
and the development ofanovel active vibration absorber.

The work at the University of Adelaide has led to the
development and commercialisation of a low-cost multi­
channel active noise and vibration control system (for both
tonal and random noise) which is currently being marketed by
Causal Systems.

University of Western Australia

At the University of Western Australia, there is a very active
group ledbyJie Pan undertaking research on a number of



important theoretical and experimental projects. Inadditiont0

Dr Pan, the group consists of 4 postgraduate students and 1.5
post Doctoral Research Fellows. Projects currently being
undertaken by this group include the following.

Active ear defenders

Systems being investigated include digital feedforward and
feedback as well as analogue feedback. The project has
received funding from the Western Australian mining industry
and also involves the construction of prototype units.

Sound through walls

This project involves an investigation of the coupling and
control mechanisms associated with the transmission of sound
through double walls with application to the reduction of low
frequency transmission of sound into an enclosure.

Pipeline noise transmission

This project is concerned with the investigation of an
integrated active/passive system for the control of the
transmission of structure-borne and fluid-borne acoustical
energy in piping systems. Of special interest is the interaction
between the pipe wall vibration and the internal and external
sound fields, the interaction between passive and active
control elements and the excitation mechanisms responsible
for the acoustical energy.

Barriers
This project is concerned with the use of active noise
cancellation to improve the low frequency performance of
acoustical barriers. Issues being investigated include the effect
of the ground on the performance, characterisation of the
extent of influence of active control and the optimum design
of the controller.

Other projects being undertaken by the group in the
University of Western Australia include: active control of
non-linear vibration inflexible structures, and active control
of vibration in ribbed structures with fluid loading.

Australian Defence Force Academy
At the Defence Force Academy, School of Electrical and
Electronic Engineering, University of New South Wales, a
research group consisting of two Academic staff (Hemanshu
Pota and Ian Petersen) and a Post Doctoral Research Fellow
are working on an ARC funded project involving the
application of H-infinity and LQG feedback control
techniques to the distributed control of vibrations in a flexible
structure. Control actuators and sensors being considered are
piezo-electric patches and films.

University of Sydney
At Sydney University, Fergus Fricke and one of his graduate
students is investigating a novel active noise control approach
to reducing the transmission of intermittent noise (such as
aircraft noise) into buildings. The work involves the
development of a control system which shuts windows when
an undesirable noise (such as a truck or plane) approaches. A
large part of the work is associated with the classification of
unwanted noise types and training the control system to only
react to these.

University of Technology, Sydney
In the Faculty of Engineering at The University of
Technology, Sydney, Guang Hong and David Eager are
investigatingtheactivecontrolofvehicleexhaustnoise;atthe
DSTO Aeronautical and Materials Research Laboratories,
Ross Juniper and Chris NOIWoodare investigating the active
control of fluid-borne pulsations in liquid filled pipes and
with John Dickens are beginning investigations on the
development of practical active/passive vibration isolation
systems suitable for isolating propulsion and service
equipment from the hulls of ships and submarines.

8. MECHANICAL VIBRATIONS

Len Koss
Department of Mechanical Engineering
Monash University

This section outlines vibrative and acoustic investigations
which fall in to the general category of Mechanical Vibrations
with or without acoustic radiation. The spectrum of research
varies from heart sounds to acoustic fatigue of pipelines,
however, the principles of measurement and analysis which
underlie the investigations fall into the area of vibrations.

I am grateful to Bob Hooker and Samuel Asokanthan
(University of Queensland), Michael Norton (University of
Western Australia), Bob Randall (University of New South
Wales) and Joseph Lai (Australian Defence Force Academy)
for help in the preparation of this report.

University of Queensland

Transmission Line Dampers

Overhead electrical transmission lines experience Aeolian
(wind-induced) vibrations which can lead to fatigue failure of
conductor strands. Similar problems can arise in suspension
and cable-stayed bridges.

Loudspeakers

Two loudspeaker applications are being investigated. Oneof
the use of loudspeakers as passive absorbing devices---they
can be used as narrow frequency band absorbing devices. The
other concerns a more common situation, the measurement of
insertion loss. A measured insertion loss can be dependent on
the properties of the source loudspeaker used and the studies
concern the extent of that dependence and the conditions
necessary to minimise it

Impact Noise through Floors

The project deals with sports noises---' soft' impacts such as
from basketball bouncing and athletes running and jumping.
These activities often operate on lightweight floors and noise
is transmitted to occupied spaces beneath the sports area. The
nature of the impacts, the transmission behaviour and the
radiation are being modelled with a view to ensuring floor
designs of adequate performance.

Dynamic Stability and Control

Several projects are in progress related to spatially distribute d
actuators and the optimal dynamic control of flexible systems.
Someoftheresearchisatthefundamentallevel,andsomehas
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been developed in the specific context of control of aerospace
vehicles, and particularly of flexible components of these,
such as deployable solar panels. At a more down-to-earth
level,similartechniques, particularly in relation to torsion al
motion, are being applied to railway rolling stock in
collaboration with Queensland Rail.

University of Western Australia

Research interests include noise and vibration control.Tlow­
induced vibration and sound, the effects of dynamic stress on
fatigue, unsteady boundary layer, acoustics and stability,
statistical energy analysis, and noise and vibration, a
diagnostic tool.

Current major research projects include vibration and
strain analysis on wellhead flowlines and associated small
borepiping,flarepiping,vesselborepiping,majorstructural
members, dynamic stress prediction and fatigue flowlines and
small bore piping, development of dynamic stress and
vibration acceptability criteria, and flow induced vibration
and' dynamic stress effects on industrial gas turbines. Current
research projects include:

• the effects of dynamic stress on fatigue life of piping
systems;

• the prediction of stress distribution in structures subjected
to random excitation;

• flow-induced noise and vibration in gas pipeline systems;
• industrial and environmental noise pollution and noise

control studies;
• development of adaptive-based active noise control ear

defenders;
• high voltage transformer noise control;
• high temperature strain gauging and analysis;
• quantification of acoustic and hydrodynamic fields in flow

duct systems;
• development of environmental noise prediction models;
• maximum entropy approach to fatigue life distribution;

and
• fatigue under cyclic stressing with non-zero means.

University of New South Wales

Most of the research is in machine diagnostics, and in four
main areas:

• Rolling element bearing diagnostics, including cases
where the bearing (eg. helicopter gearboxes) and rail
vehicle bearing diagnostics using an array accelerometers
along the rail. The helicopter gearbox bearing diagnostic
is the main focus so far of the work supported by AMRL
under the 'Centre of Expertise' scheme. In particular, we
have developed techniques to enhance envelope analysis
by improving the signal/noise ratio of bearing to
background noise. In particular, where the latter is
dominated by gear vibrations, we developed self-adaptive
noise cancellation techniques to remove it. We have
developed techniques to deal with the short signals limited
bythepassageofthebearingpastthetransducer(s).

• Gear transmission error simulation and measurement with
applications to gear noise studies and diagnostics. One
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developed method was measuring TE down to fractions of
an arc secondusingshaftencodersmounteachshaft,and
also developed a simulation method which gave very good
correspondence with measurement on automotive quality
gears. A further development includes techniques to
eliminate encoder error (thus allowing the use of much
cheaper encoders) and has improved the simulation model
to cover cases where the tooth deflection is a more
significant part of the TE. Good agreement was obtained
using nylon gears and the method should extend to
precision gears. The original method was applied to
quasistaticTE,butithasnowbeenextendedtoincludethe
dynamics of the gear train.

• Diesel engine diagnostics, using externally measurable
signals such as accelerometers, and crankshaft torsional
vibration. Part of this work is an attempt to reconstruct
cylinder pressure from these externally measured sources
and another part isto develop methods to recognise faults
usingtime/frequency.

• One of the techniques being investigated for diesel engine
cylinderpressurereconstitutionisbasedonthecepstral
techniques mentioned earlier. The method being
developed more generally, in particular as a means of
adjusting modal models, possibly measured under ideal
conditions in the laboratory, to actual conditions in
operation, using response measurements only, though
having knowledge of the characteristics of the dominant
force. A tentative conclusion from my work at KU Leuven
is that as long as the largest force is bigger by a factor of
at least 4 than the next largest, then principal components
analysis can be used to obtain updated FRFs from those
force to all measurement conditions. It is also hoped that
the same techniques will be able to be used to adjust a
modal model obtained on one object to all others of the
same meaning that only one has to be fully instrumented
and measured in the laboratory.

Monash University

Short impulses of sound, such as gunshot, have been used by
a small group in the Physics Department, as a probe to
investigate a number of environmental problems. These
include the propagation of sound through the atmosphere,
with a particular interest in the behaviour of the sound in the
presence of wind and temperature gradients. More recently,
this has led toa study of the way turbulence alters the shape
of a pulse as it passes through the atmosphere
Simultaneously, the local meteorological conditions and the
waveformsof many hundreds of individual pulses have been
reeordedto study the relation between wind gusts and changes
to the wave shape.

Other areas investigated have included the behaviour of
cracks in acoustic barriers, where the timing between various
components passing through the gap can be used to identify
the path taken by the sound. The properties of soils have also
been investigated using pulses of sound. By observing the
change in waveshape when a pulse is reflected from a surface,
the complex impedance of the reflecting material can be



deduced. Similarly, the propagating constants of foams and
wet soils have been deduced from the changes occurring when
pulses travel in the medium. These latter studies have led to
the development of an acoustic detector of buried objects,
such as land mines. The fact that reflection of the pulse
depends on there being an impedance discontinuity means
that such a detector works equally well with plastic and metal
objects.

Investigation in the Mechanical Engineering Department
include the development of 'frequency shifting techniques'
for development of low frequency vibration, unconstrained
and constrained layer damping treatments, impact vibration
absorbers, motion sickness on high speed vessels and pre­
natal heart sounds. The Centre for Machine Condition
Monitoring uses vibration as a diagnostic tool in their
investigations.

Australian Defence Force Academy

The following research projects are undertaken at the
Acoustics and Vibration Unit located within the School of
Aerospace and Mechanical Engineering at the University
College, the University of New South Wales, Australian
Defence Force Academy in Canberra:

Machinery noise

Collaborative projects with BHP Building Products have
included noise reduction in the sheet metal industry and the
reduction of noise in friction saws. This work has been
sponsored by Worksafe Australia.

C~i}i~~g ringing noise

Noisesignatureduetoshearingacorrugatedmetalsheetina
roll-formingproduction line.

Vibration/solation

Several academics are carrying out a collaborative research
program on vibration isolation with DSTO. The thrust of the
program is to understand and ultimately optimise the design

of machinery foundations in ships and submarines.

Human Vibration

Further, several academics have been developing
instrumentation in collaboration with Worksafe Australia for
the evaluation of the effects of vehicle vibrations in
underground mining. Evaluation of the effects of vibrations
on people is a field where standards and methods of
measurement are rapidly evolving.

9. BUILDING ACOUSTICS

P. P.Narang
CSIRO Division of Building,
Construction and Engineering
North Ryde,NSW

The CSIRO has a long history of scientific and industrial
involvement in the building and industrial acoustics fields.
The Division of Building, Construction and Engineering has
two acoustics laboratories---one located at North Ryde in
Sydney, and the other located at Highett in Melbourne­
which are used for both research work and commercial
activities. Both laboratories have reverberation chambers, and
the Highett laboratory also has a vertical pair of chambers
which can be used for measuring the sound insulation
performance of floor systems. Areas of work covered by the
two laboratories include sound transmission, sound
absorption, impact sound, sound power level determination,
noise emission from appliances and equipment used in water
supply installations, and noise generation by mechanical
ventilation equipment

As part of the redevelopment of the North Ryde site, the
acoustics laboratory was rebuilt in 1997. The new laboratory
consistsoftwolargereverberationchamberslocatedside-by­
side with a 3.6m wide by 3.0m high opening for the
installation of test specimens. The two chambers are housed
inside a building of conventional design which provides space
for the storage of materials as well as a control room and an
office area. The volume of both rooms is slightly in excess of
200m l and the two volumes differ by at least 10%, in line
with the recommendation of the Australian Standard 1191­
1985. The concrete floor slab of each reverberation room rests
on resilient vibration isolation pads and specially prepared
footings. Both rooms have non-parallel surfaces and the walls
are rendered and painted. The walls and roof of each room
comprise double-leafed concrete and masonry construction,
fully supported on the edges of the floating floor slabs. A
1.2mby 1.2m removable hatchway has also been builtin one
side wall for possible future work on the insertion loss
measurements of mechanical equipment.

Some recent acoustics projects undertaken by the CSIRO
are briefly described below.

Noise radiation by different pipe materials (including
copper) attached to domestic-type wall construction, and the
effectiveness of different methods of fixing pipes to the wall
was investigated. The water-hammer problem and the extent
to which it can be mitigated by the use of pressure limiting
valves or by the installation of an air chamber in the system
was studied.
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Rain noise, particularly on uninsulated roofs, can be a
source of significant noise annoyance. TheCSIRO has been
involved in the measurement of rain noise on different roof
systems with real rain as well as using a mechanical simulator
designed to generate spectra similar to that produced by real
rain on metal roofs.

The acoustic performance of windows depends not only on
the glass thickness and type, but also on the window size and
type (e.g. double-hung, casement, sliding or awning), window
frame, method used to mount glass, and the quality, location
and type of seals used. A series of acoustic tests on single­
glazed window systems ofa given glass thickness showed
significant variations in the sound insulation characteristics of
the window units.

The opening of the third runway at the Sydney airport
generated widespread community concern about aircraft
noise, and as a result the Commonwealth Government decided
to provide sound insulation upgrading to the worst-affected
properties subject to certain financial constraints. TheCSIRO
has provided its technical expertise and review services for
this work and has also carried out aircraft noise reduction
measurements on some of the affected properties before and
after sound insulation upgrading work.

Commercial work done in the acoustics area have also
included: measurements of the acoustic performance of
various floor underlay systems; evaluation of the performance
of absorptive roadside noise barriers; and assistance to a door
manufacturer to develop high performance acoustic doors
with matching seals.

Sydney University
Architectural acoustics research at Sydney University covers
the following areas.

Ventilation Openings
The growing movement to design "greener" buildings requires
increased use of natural ventilation, which brings with it
problems of noise ingress. The current research involves both
passive methods, which use optimised openings and arrays of
resonators, while the active system uses an "intelligent"
window which opens and closes depending upon external
noise conditions, such as aircraft flyover. The passive system
can reduce noise levels by 10 dB(A) and the active system by
as much as 20 dB(A).

Auditoria
This research is based upon neural network analysis of
existingauditoria.Predictionsofreverberationtimeusingthis
technique are better than those using classical reverberation
equations and ray-tracing software, while correlation
coefficients of about 0.9 have been achieved for prediction of
overall acoustic quality.

Sound in Small Rooms
Several projects are investigating the recording and
reproduction of sound in small rooms. Preferences are linked
to objective tests and to the physical dimensions of the rooms,
and methods are being investigated to increase apparent
reverberation time.
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National Acoustic Laboratories
NAL has excellent acoustical measurement and testing
facilities that are being used increasingly for tasks related to
building acoustics. There has been particular interest in
testing of windows, all types of secondary glazing, acrylic
window barriers, and heavy single-glazed units for the
upgrading of hotels and other community facilities.

Other tests have encompassed the behaviour of lagging
and noise barriers, together with materials such asfibreglass,
rockwool,polyester and cellulose fibre. There has also been
testing of extruded plaster and concrete products and heavy
walls and windows.

10. ENVIRONMENTAL ACOUSTICS

RenzoTonin
Renzo Tonin & Associates Pty Ltd
Sydney

Power Industry

Colin Hansen from Department of Mechanical Engineering,
Adelaide University SA is doing research on active control of
electrical transformer noise. Funded under a collaborative
ARC grant with Transgrid, ETSA, SEQB, United Energy,
Integral Energy, Energy Australia, Powerlink QLD and
AESIRB. The Project began in 1996 and is scheduled for
completion in 1998. Its aim isto have a demonstration system
in operation at a transformer installation by the end of the
project. Research is focussed on effective sound sources, use
of near field error sensors to control far field noise, use of
tank vibration control, weatherproofing microphones and
sound sources, effects of electromagnetic fields on system
performance, development of a controller with a large number
of interacting channels and solution of practical problems
associated with on-site installation.

Mike Norton and Jie Pan from the Department of
Mechanical and Materials Engineering at the University of
Western Australia, Nedlands are also working on the
development of practical techniques to control noise from
existing power transformers, funded by Western Power.

Road Noise
Lex Brown and Joseph Affum at the School of Environmental
Planning Griffith University, Nathan, Brisbane are working on
integrating environmental noise evaluation directly into
transport demand modelling. This research looks to integrate
the output of travel forecasting procedures with land
information systems, to provide an "automatic" assessment of
the noise consequences of different scenarios in transport
systems design

Lex is also working on the development of a windows
based user friendly model for traffic noise to evaluate
different barrier positions, heights and window heights for use
by architects, planners and students.

A significant proportion of Stephen Samuel's effort at the
University of New South Wales, School of Civil Engineering,
Department of Transport Engineering in Sydney is devoted to
evaluating the noise characteristics of various rigid pavement
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surfaces. This ongoing work is assisting in the design and
development of low noise pavements that also provide
optimum drainage and skid resistance properties. Stephen is
also studying the acoustic attributes of traffic speed control
devices used in Local Area Traffic Management schemes.

Most of us are familiar with Stephen's interrupted traffic
flow model he developed whilst at the Australian Road
Research Board. He is proceeding, albeit at a low level, on
enhancing this model. Stephen has also just about completed
research on the fuel consumption characteristics of Australia n
Defence Force trucks. Outcomes of this work will include fuel
saving recommendations and management plans that include
issues such as the adoption of alternative fuels.

Jie Pan from the Department of Mechanical and Materials
Engineering at the University of Western Australia, Nedlands,
is supervising J.N. Guo, a PhD student who is working on
active noise control of traffic barriers. They recently
published promising results at the AAS 1996 annual
conference in Brisbane.

Robin Alfredson Dept of Mechanical Engineering at
Monash University, Clayton is preparing a paper for the
WESTPRAC conference later this year in Hong Kong in
which he will investigate the influence of surface impedance
on the effectiveness of noise barriers for road traffic. The
objective is to optimise that impedance and compare that
effect with the effect of two other variables that can be easily
be varied, namely barrier height and barrier shape.

Marion Burgess at the Acoustics and Vibration Unit at the
Australian Defence Force Academy in Canberra is
investigating new noise limit guidelines, in particular for
Canberra which differs from other cities.

Peter Karantonis from Renzo Tonin & Associates Pty Ltd in
Sydney has just completed a research study for the NSW RTA
involving the measurement of service brake parameters in large
roadhaulerstypicallyusedinthetransportationindustry.Theaim
of the exercise was to determine whether a ban on exhaust brake
usage near populated areas, permitting only service brakes to be
used, would compromise safety in respect of generating high
brake pad temperature and wear. The study found that safety
would not be compromised and reports the costs associated with
additional brake pad wear. Therefore, the issue becomes one of
whether industry or the community is willing to pay for the
additional costs imposed. The results will be published later this
year at the AAS annual conference in Adelaide.

Community Response
Fergus Fricke from the Department of Architectural and
Design Science at the University of Sydney is studying
annoyance predictions using neural network analysis. This
work involves taking the results from a number of
environmental noise annoyance surveys, such as the Bullen
and Hede one on aircraft noise in the early 80's, and predicting
the overall noise annoyance from the answers to individual
questions in the surveys. The work is aimed at finding out
whether the relationship between various factors is linear

Renzo Tonin from RTA Technology Pty Ltd in Sydney has
just completed two years research and development into
developing a multi-media system for the visualisation and

auralisation ofEIS projects (road, rail,aircraft, mining etc) to
the community. His first completed project was a multi-media
display simulating the effects of the proposed long term
operating plan for Kingsford Smith Airport announced by the
Minister for Transport and Regional Development, John
Sharp, as it affects the Hurstville community in Sydney. In the
first four weeks, over 1000 people viewed the display and
provided comments. This presentation method looks like it
will be an important component of future EISs. Renzo is
currently working on a traffic noise display for the M5 East.
He has just spun off a new company called RTA Techvision
PtyLtdtopromotetheventure.

Aircraft Noise
Karl Mezgailis from the Federal Airports Corporation in
Sydney isco-ordinating various projects primarily as a result
of the DASETT recommendations for the Third Runway, the
Sydney (Kingsford Smith) Airport. These studies focus on the
effects of aircraft noise on human health. They are being
undertaken by Norm Carter from the National Acoustic
Laboratories and the University of Sydney, and include an
evaluation of Airservices Australia's Noise and Flight Path
Monitoring System, a study of the mental health and human
reaction to aircraft noise and a study of the effects of aircraft
noise on the blood pressure of primary school children.

Marion Burgess at the Acoustics and Vibration Unit at the
Australian Defence Force Academy in Canberra is working on
amelioration measures for residents exposed to high levels of
aircraft noise. A current study on this topic involves an
assessment of the effectiveness of the house insulation
program for homes around Sydney Airport.

11. OTHER TOPICS
Because this review has been organised along sub-discipline
lines, there are inevitably many topics that have not been
included. We mention just a few of these here, to show the
breadth of Australian interest in acoustics.

At the Australian National University there are several
diverse projects in the acoustics area. Bob Williamson and
Rod Kennedy are investigating microphone arrays and have
developed signal-processing techniques that allow broad-band
beam forming. These techniques are useful for speaker
tracking, reverberation control and noise reduction in complex
environments. A group working with Bruce Millar is
concerned with computer speech recognition from both
fundamental and applied points of view. This work can be
applied both to speaker recognition and to the recovery of
spoken information.

Elizabeth Lindqvist, with her group at RMIT, is
investigating the propagation of sound through porous and
fibrous materials and the applicability of the Biot model. Other
projeets involve the effects of low-frequency sound on fluidised
beds and wind-induced turbulence noise in motor vehicles.

Other areas of interest include subjects as diverse as the
acoustic properties of Australian natural timbers and phonon
spectroscopy at liquid helium temperatures. Some of these
moreexotiefieldswillbethesubjectofanotherreview.
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Active Isolation of a Vibrating Mass

C.Q. Howard and C.II . lI an sen,
Dept. of:\-lft hanJul EIIl:lnetrln l:.
Uni~,tnity of Addald e,
Sou lhAus lr.II. ~OO5, Aultra ll•.

ABSTRA CT; AClj~C vibra tion isola.ion cu otTer imr~d porfOlmllll'C at low frcqumc ics coml"'red with p. .. ivc
,,,, l.u on. Active control methods require the selec tion Of l.u ilabl. cos! fun<lion to be mini mised . Expet; menla l re.ull .
an: prncnled ortbe aclive vibration irolation o fl lim ulatcd rolating machine mounted Lo. bea m which UI•• tWOtyl'C'_
of COil fUllClion. 1M force and a<:cclcration rU p«';vcly It the blse or the isolator. The •••ulll . h"", Ihll minimiUlion
OfOllClyp: o fCOlll'unct;ondocs nOl.no:.::cumly leadlolheminim,utionof theOlr.: rco< ' fun<:lioro

1. INTROD UCTI O N
Conventional passive vibration isolation of machinery from
supponin !: structures, typically utilises springs, air mounts,
rubberblocksorshcels ofno:op~ne . An isolation system is
usually sel~ted bllsed on the opera ting frequency of the
machine. For example, an electric motor rotating lit 1440 rpm
has an operating frequency of2 4 Bz.. The machine mounted
on the vibration isolators must have a resonance frequency
less than the driving frc:quency for vibration isolation to occur.
More specifically, the driving frequency of the machine
should be at least.J2 times the resonance frequency of the
system. However , by selecting a vibration isolator of low
stiffneu, so that greater isolation occurs, the del1ection of the
mount will be lilli e and this may result in unaec~table

instability of the system. Con sequently I compromise has to
be made to balance the vibration reduction wilh lhe
deflection

By using active vibration control combined with passive
isolation, deflections can be reduced compared with those
required for passive vibration isolation and vibration levels
can be reduced compared to those achieved only with a
passive isolat ion system. Active vibration control utilises a
control shaker {magnenc , piezo-e lectric or hydraulic) which
providea a cc umerac ting force to reduce vibration teveu es
well &$ one or more sensors to evaluate the performance of the
COIItrol and to provide error signals lOrhe controller,

As an illustration of the potential of acti\'e vibration
isolation, an 8 k.g mass supporte d by an active Vibration
isolator was excited using a shaker. The isolator was auached
10a simply supported beam, I.S m long. Figure I shows Ihe
experimenralsetup.

This arrange ment can be thought of as a vibrating machine
mountedona ni solatoT The top mass represents the machine
10be isolated and the upper shaker provides a simulated out of
balance which disturbs the system. The spring and control
shaker are the passive and active isolation systems while the
lower mus and beam represent the foundation, inciliding its
l1CJ\ibilily and ITUU. The intent ion of the active vibration

isolator in this case "'IS to reduce the vertical vibration
transmiuedinto tt.(oSllpporting beam

'.:==..?I~- ~~~-,..::,.-." .=::.
~........- ..-.­-...,- ­
Figure I. Beam uperi"",nt.., l up

2, I ~STRUMENTATlO.'l SET UP
An acrelerometcrand fol't'e transducer were placed onthe top
of the ITUSS and between the isolator and the beam to measure
the vibrationtransm itt ed into and ollt ofthe ~ibrationisolator.

Charge amplifiers we re used to convert the piezo-electric
transducer signals into voltage signals,which were recorded
by the digital signal analyser.

In the eumple discu ssed here. feedforward act ive
vibration control was used which employs a digital controller
generating an appropriate control signal based on error and
re ference signals. The controller was basically an adapuve
electronic filler, which h.1d the objec tive ofminimiiing the
error signal. A Causal Systems EZ-ASC digital controller
" 'is used to provide IIccerro l signal which was amplified to
drive the control shak.er inside the acti~e vibration isolator.
The reference signal "'IS provided by an electro nic osc illator
on the digital signal analyser. In practice, a suitable reference
signal could be obta ined from a tachometer attached to the
rotating shaft of the vibrating machine, which can be used
with additional electron ics to generate a reference signal
containing the shaft rotational frequency and its harmonics
The same reference signal was also used by the power
amplifiers connected to the primary shaker to provide a
disturbing force, which simulates the harmonic vibrat ion from

Vol 25 (1997) No. 2 - 65



f igLlf\'S. A<:«1crll_ 1cI.'CI USlnl r--vc mil IoCti~ ~ibrilli""

cantrol _forccerrOlsensor.

Acoosti(:sAo.!slraloa

FigIlfC 6. """ kYcl ..w.I pau.iYC and KI;>t: ~,bnl;on eontrol

- r<Jrl%CITor oensor

Figure6 shoooo. s thefon:ell.'Wls of the beam ...-hmlhef~
tr;\Jlsduccrin lhe~ ofthe isolalor w&S uSC'd &Sthe error

~~.

These result s show that the vibr alion isola lion
performance is dependent on !he ct\o$en error signa l. when
lhe acce!eralion al lheba.seoflheisolalor ....as cbosen as the
error signal, lhe acceleralion at lhe ba.se of lheisolalor " 'U
reduced by betw«n 20-65 dB. Howeve r, the f~ at the base
ofrhe iSOlalOS' " u reduced by betw«n OandJ5 dB. When the
force at tbe base ofl!lc: iSOlalOl" waschosen as the error signal,
the force was reduced between 5-5 5 dB. Howevcr, the
acceleral ion signal " 'u reduced by I I mWI4Q dB lind 111 some
frequc-ncieswas acluallywon e ll\an pas sive isola tion. In each
case.lheconlrollcr rried lomin im~ thechosenerror signal

...'hich is shown in F igu~s J and 6. The se 1....0 fiiU~$ ilhow
there is al....lIyssome improvement in vibratio n isolalion for
the con trolled parameter, Whallhcre sul ls demon ~lrate i slha l

controlling oroeparameter (say force )does nolguarantec lhal
the other param eter will also be redueed (say acceleralion).

To improve the vibration isolation ....ith acliveconlrol, an
error signal must be used which combines bolh accelera tion
and force. There are two methods ....hich can U'IC both
accele ration and force signals. The first is 10 use lwo error
signals (force and acce leralion) and minim ise both error
signals . lnluilively this seems a reasonable solution and il is
possible 10improve the resullS by placing greater weighting on
the error signal which would provide the i realeSl vibr ation
isolat ion. This would give imp roved performan ce at one
freque ncy, but would not nece ssarily give improved
perfo rmance for lhe. operaling frequency range . Clearty this
methodisnot suilablc for generlll llet ive vibralion isolalion
applications lIS some manua l lIdj uslmenl is required to ensure
that the best performan ce is obtained. The second method is 10

a rotating machine. The vib ration isolation performance was Figure 5 shows the ecceleranon levels of the beam when
compared for two different error signals. The first was the the force transducer in the base of the isolator was used as the
acceleration at the base of the isclator.a ndthe second was the
force between the lower mass and the bum. Figure 2 shows
thcinstrwnentation selup

fi gure 3. Aocd en lion lcvcl ... ina ~~e and 1oC!;~ ~ibral;on

rontrol-K«knll;ontffOf K1llOf.

It took appro llirnately ) 0 seconds for the syslem Lo

stabilise and achieve the ma~ imum ane eua tion usinll active
control When jhe measurements weretaken, lhe adaptation

was turn ed off. ,
F;gure 4 shows the force levels exerted by the base ofthe

isolator on the beam when the accelerometer in the baseofthe
isolato r was used as lhe error sensor.

! o
0 ,

i:
~ o

3, EXPERI~IE"TAL RESULTS
The dri\ ing shaker u eilCd!he mass I t I single frequency Il'Id
!he amp litude was adj\lS!ed so thaI under pusr.-e vibration
isolation (wiUtout the control dtUer openll.ng) the fon::e into
!he lop INSS was I N.

Figure ) shows the acceler.u ion levels of the beam when
the accekrometeT in the base of the isolator ....as IISCd as the



combiM the force and eccelera uon signa ls into a vibrat ion
intensity or~ Ira''I$mission , ignal. This method has been
used by Pan CIal ( I99J ) but the experimental work required
manual adju stmenl of the amplitude and phase of the control
signal. Recentl y an algorit hm was develo ped .by KlIng and
Kim (1997) which was used with an adaplive controlle r for
controlling lheacouslic inte nsily in a deer, Thismelhod could
be applied lO thereductionof vibrational~rtransmission

in an active isolalion syslem .
The rigid ma n in the experimental setup described here

was u cited with harmon ic vibralion . This has computationa l
advantag es for . feedforw ard controller in thatthe repetitive
nalureof the signalsmeanslhereisno M edtocalculatethe
required control signa l faster than the time taken for the
vibrat ion signal to travel from the vibration source 10 the
control source location . In other words, the system does nol
nced tobecausal.lf lheexperimental setupwere tobeellc ited
with random vlbraucn, then unless the system were causa l.
the controller would never be able fO generat e an appropriat e
control force to prevent the disturbin g vibration from reaching
the support structu re. Insread. the task of the conlrolleTwould
change to the minimisa t ion of the modal response of the
support structu re once the vibration had disturbedihe suppo rt
structure . Alternativ ely if the syste m were causa l, then
f« dforward contro li s likely tobesuccessfulove r a frequcncy
range of about two octaves. The acrual frequency bands for
.. hich the contro ller would be effect ive would depend on the
samphng rate used for the reference and error signals. For

funhe r ujformarion on active vibra tion isolat ion, see Hansen
and $nyder(1997) and Fuller ct al (l 996l

The work described here has indi cated that it is poss ible to
redu ce the vib rat ion transmis sion from a harmoni cally
vibrating machine by usin g acti ve vibra tion contr ol
techniques. The results indicate that the degre e of vibration
isolation depend s on the cos t function chosen to be
min imised. The accelera tion and force cost functions give
different results because the ir minima do not coincide, as a
result of S!lU(:tural dampin g. Cur rent work is underway to
continue the invesug ano n usin g vibra tional power
transmissiOOMaf,;Olt function and to investigate the effect of
mcment excuaucn 00 the vibration isolation performance.
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Sound in the Animal World

NevilleFletcher*
Acoustics and Vibration Unit, Dept. of Aerospace and Mechanical Engineering
Australian Defence Force Academy
Canberra 2600

ABSTRACT: Energyrelationsinvolvedin soundproductionby animalsare examined,and it is foundthat different
animals devote vastly different fractionsof their availablemuscularenergy to this form of communication. Typical
soundcncrgyoutputisfoundtorangefromafractionofawattforparticularly noisy animals, through a typical value
of around a milliwatl, and downto a rnicrowattor less for tiny insects. Considerationof atmosphericpropagationand
backgroundnoise suggests an optimalsong frequencyfor a given availableacousticpower,thc preferred frequencyfor
a powernear ImW being in the range I to 10kHz. Mechanicaland pneumaticmethodsof sound productionemployed
by animalsare reviewed,and briefconsiderationis givento auditory systemsand to theencodingof informationin vocal
utterances.

1. INTRODUCTION
Although vision, touch and smell are all important, the
principal means of communication for most species in the
animal kingdom is through sound. It is therefore interesting to
examine the physical limitations to this form of
communication and to see how various animals have adapted
to exploit the possibilities. As we might expect, many
different strategies are used, depending upon the habitat, size,
and mode oflife oftheanimalconcemed, and it is not possible
to mention all of these here. Examination ofa representative
sample, however, shows the wealth of variety that exists, and
makes clear some of the physical principles involved. As we
might expect, there have been many books and papers written
about the subject from behavioural, anatomical and
physiological points of view. The interested reader is referred
to some of the more general books on the subject [1-5] which
in turn lead to the i more specialised literature. Not
surprisingly, human hearing and speech [6-9] receive
particular attention, as also does bird song [10].

2. ENERGY PRODUCTION
The amount of sound that an animal can produce is ultimately
limited by its total available muscular energy, soit is useful to
have an estimate of this quantity. Order-of-magnitude
estimates suffice for this argument, since a few decibels more
or less in sound power are not significant. Fora human, the
extreme of energy production is approached in exercises such
as running up stairs. In rough terms, for a 100kg adult
running so as to achieve a vertical ascent rate of I mis, this
amounts to about IkW, or about IOWlkg of body mass. Of
course this rate can be maintained for only a short time, and a
more realistic continuous rate, corresponding to walking up

• Permanent address: Research School of Physical Sciences and
Engineering,AustralianNational University,Canberra0200

Acoustics Australia

an incline of about I in 10 at Imlsisabout 100Wor lW/kg
(though a trained athlete could do rather better). For
comparison, the energy production rate required simply to
keep the body functioning is about 100W, so that the human
machine is not a very efficient producer of continuous
mechanical energy. Most vertebrates cando several times as
well as this in terms of power output per kilogram of body
weight, as we can see by noting that a dog or a horse can run
uphill at least three times as fast as can a man, though perhaps
this is in part because quadrupeds use the muscles of four
legs, rather than only two, when they run. We might also note
that one horsepower is 746W, which is about IW/kg fora
horse, and we might presume that this level of output can be
maintained throughout most ofa working day. A cursory
examination of insect performance suggests relative
performance significantly higher than that of other active
animals, so that we can estimate about 10Wlkg or 10mW/g as
the maximum sustainable power output in this case.

Returning to available power, it is useful to relate this to
sound production. As we shall see presently, the typical
efficiency with which mechanical energy can be converted to
acoustic energy is only about I percent, though it may be a
good deal lower than this for some conversion systems.
Against this figure, rather surprisingly, we must put the
observed fact that many animals produce a maximum sound
power of around a milliwatt-quivalent to an intensity of about
80dBat I-almost independently of size. This is certainly truc
of humans, dogs, birds, and noisy insects such as cicadas. A
human thus invests about IOOmW,or only 0.1% of available
energy, in sound production, while for a cicada weighing only
about 19 the sound-production energy investment of about
IOmW (allowing fora sound-production efficiency ofneariy
10% in this case) is almost equal to the total available energy
used for flying.
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3. SONG FREQUENCY
Another feature of sound communication that is, at first sight,
surprising is that we can hear the known songs of nearly all
animals (although this statement is itself perhaps a
tautology!). Indeed it is only the echo-locating chirps of bats,
typically around 60-80kHz, that lie outside our normal
hearing range of around 20Hz to 20kHz. Is it that human
hearing has. an immensely wide frequency range, oris there
some physical factor that mandates a restricted choice of
frequency?

The object of sound production is, of course, to
communicate, principally to members of the same species.
This suggests that sound production organs and auditory
organs will be similarly tuned, but does not influence the
frequency band. On top of this comes the evolutionary
advantage of being able to communicate over as large a
distance as possible, since sound communication serves the
dual roles of attracting mates and of defining territory. Large
initial vocal power clearly helps here, but efficiency of sound
transmission is also important.

Suppose that we start with a single-frequency source with
a power of ImW, which is typical fora "loud' biological
source such as a large bird singing or a human shouting. If we
assume the source to radiate equally in all directions then, as
shown in Fig. I, the sound-pressure level at 1m is about 80dB,
andthisfallsby6dB for every doubling of the distance from
the source. It makes little difference, only 3dB overall,
whether we assume radiation into a sphere or, more
realistically, into a hemisphere bounded by the ground. This
overall inverse-square-law behaviour is, of course,
independent of frequency, but this is not the whole story. On
top of simple spherical spreading, we have to consider sound
absorption in the air, and this is quite strongly frequency­
dependent, the absorption coefficient increasing as the square
of the frequency.

When we put these two effects together, as shown in Fig.
I,we see that the curves for sound of high frequency soon
drop well below the inverse-square-law line. The attenuation
has a quite extreme effect at ultrasonic frequencies, and such
sounds can scarcely propagate beyond a few tens of metres.
Conversely, sounds with frequencies below 1kHz suffer very
little extra attenuation out to ranges of several kilometres.
This effect is dramatically demonstrated in the case of a
thunderclap, which has a very high instantaneous acoustic
power level and so can be heard over very large distances. The
thunder impulse has a very wide acoustic spectrum and, close
at hand, gives the impression of asharp sizzling snap. Ata
distance ofakilometre or so, the snap is gone but the crash is
still bright and clear. When the thunder is delayed by more
than about 15 seconds after the lightning stoke, implying a
distance of more than about 5krn,the sound is a dull rumble
with low-frequency components dominating.

In addition to these attenuation effects, which would
appear to favour a very low song frequency, an animal must
contend with the masking effect of background noise, largely
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Figurcl.Propagationcharacteristicsofsoundofvarious
frequencies (shown in kHz as a parameter) in air, from a
source of power ImW(brokencurves),togetherwithtypical
one-third-octave-band noise levels (about40dB(A) overall)at
the samefrequencies(brokenlines), The intersectionsof these
two sets of curves (full curve) define the communication
distance within which the signal-to-noise ratio is better than
OdS. (Modifiedfrom [I].)

created by wind in vegetation. This background noise will
depend very much on the environment, but has the general
property that its sound-pressure level rises with decreasing
frequency. Indeed, natural background is one of those noise
types for which the energy is approximately inversely
proportional to frequency-so-called Lifnoise. If we consider
one-third-octave bands as representing the frequency range
over which background can mask a pure-tone signal,thenthe
noise level in each of these bands increases by 10dB if the
centre frequency is lowered by a factor 10. This effect clearly
works in the opposite direction to the attenuation effect, since
low frequencies are increasingly likely to be lost in the sea of
background noise.

This situation is illustrated also in Fig. I, where the
background noise levels in one-third-octave bands in a
moderately quiet environment of about 50dB(A) are shown
superimposedonthepropagationcurvesforourlmWsingle­
frequency source. [fwe follow the propagation curve fora
frequency of 100kHz, then we see that the signal becomes
submerged in the background noise at a distance of about 6m
from the source. Distances where the signal becomes less than
the noise can be similarly identified for other frequencies, and
the result is the curve shown, from which it is clear that
greatestaudibilitydistanceisachievedifthesignalfrequency
lies in the range I-10kHz, the distance then being about 200m
under the noise conditions considered.

The graph in Fig. I was drawn for a source of acoustic
power ImW, corresponding to a human shout, a moderately
loud bird, or avery noisy insect such as a cicada. For a smaller
and less powerful insect, say one with an acoustic power of
only IflW, the signal propagation curves are all lowered by
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Figuee l . OptillL11 frequency andtommunicat;ond istant efor
• sig....l-to·noise ,.l io greater than OdB for narrow-band
sourc es ofs pecifi e<lpowe r in ambien t no ise of the leve l sh<>Wn
as ' parameter. The figure is not meant to bc quantitalively
exact. (ModiFied from [ I].)

30dB. andthe intersections suggest an optimal frequenc y of
around 10kHz and a rang e of abou t 10m. Of . ourse,in sects
are gregarious, and many individuals of the same species will
be singing at 0lICC', so the effective range is very much less
than this because of the enhane<:dbackground in the song ­
frequency band. The se conclusions are summa rised in Fig. 2,
which gives, in approximate ter ms, the optima l frequency and
range as funct iollsofsource power unde rva rious condit ions of
backgrou nd noise.

The associat ion between low power and high optimal
commu nication frequency has other obv ious advantages
Within a given family of anim als, weexpe<;l smaller spec ies to
have less power available and hence to he able to produce only
quieter songs. At the same time, their lighter bodies and
smaller size arebeuer adapte d to produce higher. frequency
sounds, and high frequencies will tend to mainta in the
radiation eff iciency.

When we examin e the songs of typical animals, we see that
they fit well into this framework. Humans have fundamen tal
speech freq uencies in the range 100-300Hz and song
frequencies up to about 1000Hz, but most of the speech
infonnati on is carried in the " voiced" V01N1:ls , whic h have
formant bands-resonances of the voca l tract- in the range SOO.
2S00Hz, and in the consonan ts, which an: essentially wide­
band noise with some forman t shaping , extending up to about
SkHz and in some cases accom panied by a voiced component.
Operatic singers have learne d to produce a further voca l
fonna nt, centred at about 3kHz, which makes their voices
particularly recognisab le against an orchestra l backgroun d
The human auditory system, quite naturally, has evolved to
match the range of the h uman voice , with max imum
S\:nsilivily in lhe range SOO-5000Hz. The "singer's forma nt"
lies close to Ihe freque ncy of maximum sensitivity oftbe
human auditory system, and so is particularly effective

Birds have fundam ental song frequencie s in the range ~O­

2000Hz, and vocal forman ts extending up to about 8kHz,

ACOUStiCSAustratia

dependingon the si~e orthebird.Theirauditory systemshave

similar range to the human ear, though exten ding to somewhat
higher frequencies. Insects. on the other hand, genera lly have
a song consisting ofa modulated pure tone. The loud~icada

has a song frequency of about 3.5k Hz. wh ich explains its
particular insislence to human hearing, wltile smaller ~ icadas

and other msecu have song frequencie s around SkHz
Theone apparent exception to this scheme is the bat, which

uses echo-locating calls with frequencie s typically in the range
60- 100kHz , depending upon the species. The ani mal's
purpose, however, is not commu nicatio n witlt other bars but

rather the sonar location of obsta cles and flying insects . For
these purpo ses a range ofS·IOm Is allthar is require d, and a
short wavelength A.is also necessary, since the echo strength
varies as If} ..~.

We could carry out a similar analysis for aqua tic animals
such as whales. seals and dolphins. though the result. would
be different becaus~ of th~ di ff~ r~ n t propag ation prop¢rl ics of
the ocean . Two things enter here. Firstly, for long distances the
ocean is essentially 2-dimens ional rather than j-dimensicnal,
partly because of its lim ited dep th, but also becaus e of its
layered thermal and hahne structure . The attenuatio n due to

spreadi ng with distance is therefore only 3dB for a dou bling of
distance rather than the 6dB charac teristic of the atmosphere

Secondly, although the ane nuation of propagatlng sound in sea
water increases roughly as the squa re of lhe frequency. as it
does in air, the actual attenuation is very much less , the figures
al lOooHz beingab out5 dBikmforairandonlyO.05dBlkmfor
water, This. in turn, raises the backgroun d noise level veri
greatly. Aquatic mammals therefore have rather different

acoust ic problems to overco me , bu t gene rally adopt
frequenc ies not toodifferentfromthos~ofland-Iivinganimals

of similar size, The exception, once again, is the high
frequencies of the sonar cl icks used for echo- location by
dolphins, and this for similar reasons. Cru stacean s also make
high-freqeency sounds, rathe r like insects

4, SOUN D PRODUCTIO:"i
Sound production mecha nisms in animals can be divided into
two classes lnsect s, which have notuogs burabsorb oxygen
by simple diffusion through a tube· like spiracle system,
necessarily make sound by me chanical means. while anima ls
with lungs and associate d muscles genera lly use pneumatic
generalion.Letusconsidert hese inturn

Insec ts have a stiff ou ter cart ilage exoskeleton,
membranous wing s, and stiff wing covers. all of which can be

inducedtovibraleatthe i rmechanical re sonan~e frequency by

rubbing one part against another. Wllilesimple Inctio n might
suffice, the mechanism generally involves scraping a file
across a pic, or vice-versa , the looth spacing and sl"'e d being
adjust ed to give mechanical resonanc e. While this simple
mechanism is wide ly used, it is not very efficient, because lhe
vibrating surface is small and acts as a dipole radiator, A
simple eslirnate suggest s an efficien cy of order O,OI%,and
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indee d the SOIInd enc'lY produ ced is gcncn lly in the
mlcrowan rangc

Ther e is ODe Vff)' InlercstinS and eff k ient mod ifICation of

thi' $)'stem, l dop ed by \hemole cicket ( I I). Th is insect digs

I burro ..- in mo ist u rth, w shape beiDa: rvug hly thl t of I

curvC'dnponc11li~ hom, tcrm iIWed " ilS IWrow end by I
holkNobulb,usllowli in Fig_3. The m ckeeposi tions ibe lf in
the eom triclion bctWft n w horn and the b\llb. and there

vibnlH its wing l lO produ« nsSODS. The dimensions of w
born( length about 4Snun , tIIlm l diamdn" abool IOrrun and
effective mouth diameter about lSmm) an4 of thc bulb (Imgth
about 2Smm and diame ler abou l J7 mm) II"(' lIM:h that the

cric ket SOlIS 1.1aboo l 3kH z is nsoom t wi th the second hom­
and-cavily mode. 10 which the cricket wings cou ple
cllkiently. lM whole burrow gives an increase of nearly
20dB in radia ted powe r O\tefIha l o f the insect in free air.

The cicada h,u dr . eloped a much mo~ efficient singing
mechan ism, bUI II the ex pense of evo lv ing a specialised sound
production organ. Thc cssenti.l fCllUl'c is an abdominal cavity,
closed by two ratller stiff ribbed membranes. called um bels,
which can be Ilexed inwards by aliachcoJ muscles. thus
generating a train of pulses at the resonanc e frequency ofthe
loaded cavity. This is an effic ient radiato r, since it is a
monopole ralher lhan a dipole source, and also since the
resonator has a fairly high Q value. Calcu lations suggest an
overall efficiency as high as H.l""' . One spccies of cicada,lhc
green bladd er cicada found on the coast and tablelands of
Eastern Austra lia. has taken sound production to an extreme
by evolving a lIugeabdomi nal bladder for the resonator. Th is
has allowed it to use I much lower song frequency. around
800Hz, but the penalty is that the male. which is the singing
partn er. is scarcely able to ny. The reason why the low w ng
frequency hat bccn adop ted il not clear.
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Figure4, Simplified modelohhc n .... vcgl i f'lem. AI Il>Cd
forcaleulllioaofloCOlllticpcrl'ormona:.(from [13j.1

When ""e com e 10 animals wilh lun,s. the sound
productioo mecha nism becomes pncllml ticzair is forced
bcI\Oo!'C1l T\loa ~rnbnnes Of(olds of clf1ilagein lhe larlrllt in

sllCh a w. y u to u us.e lhem 10 vibra te at vcry nearly lheir

mechaniQl resonance fTcqucncy (12). The lUbe of the vocal

lriIcl bctw«n the laryrnt and tile mouth opening KlS as a
rcsonalOrbul.sinceilS l~rcsonanceisllcncnJ.lyata

frtqll cncy many nmes lhal of the vocal \1.h e oscillation. the
resonanl prClsurc fecdhack doc s nOI grcally ass ist the
osci llation blll simply m..rcases the relal ive level o f harmon ics

lying elose to the resonance s. Th is is dislillCl from the siillation
in t:hcolhcr.o·ise similar case of pby ing brass instrumc nlS such
asthclr\lrJ\pl:l. ...herethelip vibralionfrcquen<:yisl\lnedby
the pla~r 10 match a promi nent resonance of the instrumen t
hom . This distinction results in a lowct' aeowtic convenion
efficiency. ...llich;s Iypiully less than 1% for \'OClI1 s)'$tcms.
comparcd",'idt a va!lICtllat can approac h 10% for thc trwn pc l.

The re are many mioor\-ariantsoflhissound-prodllCtion

mechan ism. In humans and other ma mma ls. the symme trical
vocal folds of the larynx he in the truhea abovc itsjunetion
with tbe tw() bronchi canyi ni air from the lungs. Somebirds
ha~'e a s imilar pos il ion in g of the \to(i l org an . or syri nx.butlhe

folds are replaced by memb ranes Illat ere made to protT\lde
intothe airway by mcans o f air press ure ina surrounding sac
So-called song birds. on lhe other ltand, have t....o of these
vocal membran~ locate d one in eac h bronchus just below irs

junl:tion with the trachea , as shown in Fig. 4 , Some birds use
only one syrinx membrane in singing. bUIsome lise both and
are able 10 produce 1....0 tones simultaneously. though they
generally do so only on isolated notes o f the soeg.Tn some
birds, such as the familiar sulphur-crested I:ockatoo. the

syringealo'lCillalion isacluallychaOlic. producing aloud
raucous screech.

It is irueresting tc examine the energy input to the vocal
organ. lnordinary buman spetth.lhepressu~be l owthc vocal

valve is of order 300Pa (3cm on I water manome ter) and the

now rate is about 300mlls. makin g a total pneumatic power
input of aboul lOOmW aoo giving an acoustic power OUlpUl of
about O.lmW. the conversion efficiency is thus abouI O.I%.

Aeous nca Austraha



Foratrainedsinger,thelungpressuremaybeaboutlkPaand
the flow rate about 500ml/s, giving an input power of about
500mW and an output power that may be as high as IOmW,
implying an efficiency of about 2%. Similar calculations can
be made for birds [1,13], which may use rather higher
pressures and, because of their smaller size, smaller flow rates.
Birds such as cockatoos and domestic roosters can achieve
peak acoustic outputs of more than IOOmWwith an efficiency
of around 1O%,butformost species the output is less than
ImW and the efficiency less than 1%.

his interesting to compare these figures with those for
musicalwindinstruments,although,as remarked above, the
resonance conditions are quite different from those of vocal
tracts. Maximum power output for flutes, clarinets, oboes and
bassoons isjusta few milliwatts, and the conversion efficiency
is around 1%. For brass instruments such as trumpets,
maximum power output approaches a watt, and the conversion
efficiency can be as high as 10%. These figures are thus
surprisingly similar to those for natural pneumatic vocal
systems.

When we come to consider aquatic mammals such as
seals, dolphins and whales, the sound production mechanism
is rather similar to that forland-based mammals, except that
the air may be exhausted from one body cavity to another
through the vocal folds, rather than being expelled. This works
because of the good acoustic impedance match between body
tissue and the surrounding water, which allows efficient
radiation from body vibrations, a mechanism that is subject to
a 30dB impedance mismatch loss in the case of animals in air.
This air-conservation strategy has obvious advantages for
animals that dive deeply.

5. HEARING
The varieties of hearing mechanism that have developed in
variousanimalshavebeendiscussedinsomedetailbcforein
this journal [I4],aswell as in other publications [1-5], and we
therefore deal with this topic rather briefly. In all cases, the
hearing mechanism is based upon the deflection of hairs
embedded in sensory cells. Deflection of the hair by an
amount comparable to an atomic diameter opens ion channels
in the cell membrane, which allows itto depolariseand send a
pulse along its axon towards the brain. In insects and
crustaceans these hair cells on the outer parts of the body are
often the primary means by which motion of the surrounding
air or water is detected. Being velocity or displacement
sensors, they give information about sound direction as well as
about frequency and amplitude. If the hairs are tuned
elastically, then they respond primarily to a limited bandwidth .

In higher animals, though also in many insects such as flies
or crickets, there are additional specialised auditory organs
consisting essentially ofa membrane covering a cavity and
conveying its vibrations through a mechanical link to an
auditory capsule in which the hair cells are embedded. The
appreciable area of the diaphragm improves the auditory

sensitivity, while its mechanical properties tune the system
response. his, of course, basically a pressure sensor, andisso
not sensitive to sound direction. A pair of such ears can,
however, be coupled acoustically by means ofa common
cavity or by interconnecting tubes to give a cardioid response
and thus good directional sensitivity. In the case of humans
and other mammals, the acoustic connection between the two
ears is, however, essentially inoperative because of the small
tube size, and sound direction must be determined by neural
analysis of the outputs from the two ears. There are also clues
from the frequency-dependent directionality of the external
ear [15].

The auditory capsule, for its part, may also perform a
frequency analysis by means of some sort of tuning of its
component hair cells. In the case of the human auditory
capsule, the cochlea, this analysis function is carried outwith
the aid of atapered and fluid-loaded membrane, the basilar
membrane, to which the hair cells are attached.

The threshold sensitivity of most diaphragm-based animal
ears is not very different, ranging from about IOdB t030dB
sound-pressure level at the frequency of maximum sensitivity.
Simple insect ears, such as those of the fly or cicada, have a
frequency range of less than an octave, to match the song of
their species, while the range of efficient human hearing is
around two decades or about 6 octaves. Animals such as dogs
have somewhat wider hearing range, and bats, of course, have
specialised hearing in a narrow range around their ultrasonic
cry frequency

6. CODING AND INFORMATION
The purpose of producing sounds is, of course, to convey
information, and for this purpose the song or speech must be
coded in some way. In the case of human speech, we are
familiar with the coding of speech sounds that we classify as
vowels and consonants. These differ in their spectral
properties in characteristic ways, and feature detectors in the
brain arc able to recognise and decode the patterns. The
fundamental voice frequency plays rather a small role in most
languages, serving principally to express emotion, though
there is an exception to this in the tonal languages of Asia,
where variations in the fundamental pitch of vowel sounds are
a primary encoder of meaning.

Birds also have songs that may be very complex, involving
both pitch variation, formant changes and other

It is unlikely that these features have much
information to convey, and they probably serve simply as
markers of status or experience on the part of the singer,
attracting a mate and advertising the ownership of territory.

Animals such as frogs, cows, and even dogs, have avery
limited vocal repertoire, and presumably do not rely upon
vocal utterances to convey detailed meaning to other members
of the species. Insects, too, have very stylised songs, coded by
carrier frequency and repetitive time pattern, which serve
largely to broadcast the presence ofa male of the species.
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7. CONCLUSION
In this brief survey it has been possible 10 mention only a few
of the fascinalingfealu res of animal acoustics, My purposein
doing so has been tc empbasise Ihal physical acouslics has a
~fulroleloplayinprovidingaquanrilati\ICframe"'tlrl<lo

underpin the studies of biologislS

ACKNOWL EDGMENT
This worl<forms part of a program supported by a grant from
Ihe Australian Research Council. I am gratefulto my biology
colleagues for the opportunity to p.a.rticipate in Iheir work.

REFERENCES
1 N.H. Fletcher A roJ&</ic Systr"'S ill Bi o logy . o.. rord UniV=tly

P,esa,NewY""' I~2

2 B, Lewis (edil" " BiOfl<"O~"ic-s: A Comparu/ iw: ApproacA
A, ademi, PR SI. LDndoo 1983

J w,e. SlCbb,nl 11lr Aco~./i<' MltU of A...",,,is. HarvI,d
UniversiTy PreP . CambridKe Mass . 1983

4 R·O. Bus~1 C~ 'tDf) Aro uslic 8cA"vio~r of A"i_I" £1M'vicr.
Am<le<dam 1963

j W.J. Bailey A<."<>It" tic BeA." ;';ltr of /""'CI" Ch. pm311 and fl~ lI.

LondooI~I .

• Dua l Pook Detectors

• 1/ 1 Octaveand 1/3 O:~ f iller-s
aptioool

• Exceprionol large Dynomic Ronge up
10110dB

· ln Stotislics to O.Ol% Reso! ulion with

Histogro m Tobles& Groplu

• low Noi~ Floor of 9dBA
o Skmdo,d Memory of256KB,

upgrodobleupIo2.QN.S
· Hordwcn- &Softwore lully supported

no liono lly by loco l VlPAC oll icc s

o Enviroo mcntal O utdoor Microphone
Kilovoiloble

• Lorge BocItlilTrveBilmoppod
Gr aphics Disploy

o Pop·Up Menus withScroll Bars

o Pick a nd Chcx.16 Setup... just ched and runl

6 Wl. Gulid Hea" ..g: PAysioiogy " ..d PJydl()pltyJlCf o..ford
Uni""rs ily P,. >s. New Yod 1911.

7 B,C.J. Moo,. f~lrod"" I;o~ /<> Ih~ P.ycAology of /I~"';~It.

Macmill.n,l.ondon 1977.

8 J.L. FlanlGln Spn d AIt"~"Ji3 ,,"" fT",~pl;o". Sp<in2cr.
Ve,llg. New Yorl 1972.

9 P.l. Dlvi. and N.H. Fletche, (edit"rs) Voc,,1 Fold PAys;ology

C"nt mlli ltg Complexity Un/I Chaos, Singular Pub, Group, SIn
DiCJD I996

10. C II. Greene...'ah BI/V SonK' Acolt.t; t·s on d PA.vsioIOV .
SmjlhlOnianln.h'~t ionP reS>;, Wl5l1in2'on 1963

II, A. Ib ws. I l.c. Bcn"",_CII ,k and N.II , Flelcl>cr ··Aco~.'ics or
tbcmo lccrickel ", n~ . n2 hu rrow," 8i<XlCVUJlit·1 7, 8 1 - 1 1 7(1 996l

12. !'l.H. Reteher "Aulonomou. ~ill.' ion or oirtIJIl. p<e"=.
c(KI lrolkd valvn ;n~.. f1ow..."J. Arolt" Soc. A .. , 93,21 72.
2180(1 99) )

13. N.H. FI."hcr "Bird " ''' G- A qUI"lilJlive . ,o u., ;c model" J.
T"""Bit>l. 13S. 4j j --481 (I 988j

14, N.H, Flc1Chc:r "Sound producti on and hearing in d', e•..,
an'ma b .·· Awli.,i cf Au. lr-at.... I ) . 49· j ) j I98j )

IS, R. Tcrlni>hi and £.A.G. Sbl w "Exlern. l-ea, ac"u~lic mood s
wllh l imple Kcomclry" J. A<:v~,' Soc, A'" 44. 2S7·263 ( 1967)

VIPAC
For all your
Instrument Requirements ,
Calibra tion, Services, Repa irs
and Advice

Mention this ad with every
purchase and receive a 50%
discount on your 1sf Calibration

For hJrther information plecse contoctAntonMolnar al Vipoc on 1800 065 880
VIPAC Engineers & Scientists Ltd . • Melbourne, Sydney, Brisbane, Adelaide, Perth, Tasmania,

Hunler Valley, Singapore, Kuala lumpur, Hong Kong, Bangkok

74'\'01. 25 (1991) NO. 2



Validation of Environmental Noise Model
(ENM Windows)

RenzoTonln,
R~lu'o Tonln " A_i.l n Ply Lid
~'f'I I6. 9 Cl u luUll.h St..
Sydn~ ror;sw 2000, Au, IB Ii.

1. INTRODUCTIOS
ne EtMronramaal NoiK Model (E.'"MI lUIluWn ouldoor
sound proplIption and prtdict5 noiK kvtls from known noise:
$W1'Cn for elcse and dimnt locatiOll$. 1M Model calculates
anmualion due 10 no ise SOUf'Ce mclO5\l1n and ocher noise

control rneuurn. for dm &n<:c f rocn the tourte 10the:R'CCiveT.
fot thc noiseIOUfCe Size,rype and dire(1.vity, for barrien and
I'\;I.tunl lOpOgnphi eal fe'lllJ'C1, andfOJlOWlda bsorplion in the

Euess attenuationfrom,round aMorpliotl effects such as
!boo$eduo: 10 ~lIon. bare IfOIIIldorlurd surfattJare
denYed usinl lbe rnosl re«flllyava,l.ablescinll,flC thcoIin
\\ 'e"alller elXldlt\(lft$ such as .. ~nd spC'C'd and d' m;1g and the

venKal temperaturelra4oentOrthc .~~ .lso

KWII'Uro for. Program ENM proIfNn ~h " detailed
quan lital ivc OlllpUlO f cac h;alllorl llvnforuch$O\lrt cOf plols
" noiw «>ntour map prtd id ed for the area of COOCfiTl . Other
ENM Windows features include:the followin&:;

ENM Clpaci ly allows for IOOOlOllrces.
Soerce dir«tivity sped,. It Iny wleaw angu lar point Of

20 ISO points.Horizonul.nd"erlicalangle i~ls

t<1ln.lso be~fied.

Both " plan and cleu.tion vi~ ofbltricn QIl bednwn 10
I.b accounlorrlnilc wkllhbarr;~.

[ndividualpoinISiftMap«lntours ean ~thcir ......n l
~O«d i llllte so thai ridge hnes .nd sloping barriers u n be
i~orpor1lted

Automatitbat~hing;, .vailable toenablefa5terrunswilh

different meteorological conditions. Output is
immediately available in a window. Conlours arc
aUlomatically cclo ered and labelled with dB(A.) value'
(loee Figure l, for en mp1e).
F"lIhardwa~ suppon for anydcvice cap,ablcofrunning
under Windows I I and Windows 95 including diglhscrs,
plolleBand prioteti
ENM was developed b)' RTA Technology Pty lid of

Sydney, Australia (I ). S illCe its f;n'~leased ;n 1986,it hn
found international acceplance, The Introductioo of l::NM
Windows results in a Simpler and umform uler interface and
makes lheprogram simplertuleam using the on' line hclp
syslem. In this paper. the program't featurts are described
togelher with a ~iew of ilS accuracy ~poned ;n pracural
situatIons

-......,.. ~.. ,: =: - -

F;I_ I. Eump lc of C"'llour O\.Ip<Il

2. E l'Iri M Cli lc u llil io n All:or ilhms
The basic format (or lht calculaM n ;n EN\1 is as folll1Ws;

L~ _ I OkJg,~ ~ ltJl.atI· ( I )

wheu the sound levclfrum.....n:e llis
Ur " L..... D - AI ·ArAJ .Al ·A J

and L_ w und p<JYl'tT lo cI dB re IlTu ,"us, D ,. SOUl«
di~ctivity. AI " alltnua rion for ltomet,;c sp~ad lng . ......

barrieraltenuation,A , - allenualion for air absorption, "'r
attenualionro r",indandtemperalUre eff~ts,and A J " grolind

attenuation.

SoIl"JPo_r w e!L""
The Eto;Mprogram allows the source lOund power level to be
inpUI in lpmldsltcel format (~ Fig\l~ 2). Sourees may be

encloscdorunendoscd,U llle w urce i'lmencloscdthenlhc
lO\lnd pol" er level issrcci fied inthe normal ,," ay. l ( the lOUr~

(or a group of sources) is enclosed then one needs '0spl:clfy
both the sound power levels o r Ihe w urees,nd the ece ustic
proper ties Ofl h ~ enclosure walls. Enclosures arc defined U I

collection of rectangular surf"' el with an al>rorpti ~ e face on
the side nearest the source and having a sound transmission
loss. Eto;M "'Orh in bolh lf3rd ccreve and III octave formal
from 25Hz 1o 10kHz

Vol. 25 (19971 No. 2 · 15



Figure1. Noi..,$ou rcel nputSp read,heel

~• • ~'':::: 1...... ~.,
.1,
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I " , ~ , ! . , ~ I I '~, I,... 1-", I . I . I.. I_ ! ~ I I
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.. .. n . .. .. " n o h '"

Figure 3. Din:d ivily Corm:!ion Spreadsheet.

Dir«Ii l'i ry C017l'CI;on
A fRquen ey dependent dirc c1ivily correctio n term is included
in the El'M model and is based on either array ce-o rdmates
recommen ded in ISO 3745 · 1977 or user selected angle
incrcmen ts{sc::e Figure 3)_ These co-o rdinates are points On

the surface of a hypothetical sphere wbose centre coinc ides
with the acoustic centre of the source (21. The program
interpolates values fo, duecucns c t socrc e to receiver which
do notcoincide with thesearrayco-ordinatcs

GeomelrfcSpreruJing - A j

All sources are consi dered fi rstlyin t h e ab~ceof t he ground,

that is, as if they were suspende d in a free fie ld. Sources are
of three 'yp es: point, line and plane. Traff ic can be modelled
by defininll a series of point sources along the route. the
spacing between them bein g sc. to a value no greater than
three times .he distance of the nearest residenual receiver to
the road Othernoise sourccswhich canbe model1edinclude
trains, helicopters and aircran .

BarricrA ffenuation - A1
The Maekawa theory for predicung noise reduction from
barriers is commonly used today. New developments in .his
field (3.4,5], however, incfude the inOucnce of the ground on
bolh sides of the barrie r. At certain frequencieJ, the groond
effce. can become m~ imponant .lLan the barrier attenuation
I nd hence the results ba..,d on an ideal half infinile barrier
can be substantially in error. Other complications ari' e when
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f igure4. Ground C"",,-scction.

the barrier is not infinitely wide. as is assumed by Maekawa's
theory. ENM Windows incorporales the usual method of
ca lc ulat in~ .he noise cun tributio n aro und the sides of lhe
barriers by Maehwa'salgor ithm.

Ground contours are digitioed in the ES M program as a
sequenceofc~ ordinates (se<: Figu~ 4). The l0p0gra phy of
the ground in a straigh t line between lhe source and the
receiver is determined by scanning co-ord inate pai rs A
hypothetical thick barrier is then COl'Tstrucle d acco rding 10 the
maximum angle scbtended to the topographica l feature as
viewed alternatively from the source and receiver

Air Absorprioll-';( J

The algorilhm for thecalculation of air absorption is based on
American Nationa l Standard ANSI SI.26 (6]. The ENM
program ca1cula1cs the value of air absorpti<>nin th ird octaves
and logarithmically sums the result to one-third octaves or
octaves as required

Wind And T~mperalu"" Effects . A.

The ~ ffect$ o f refraetion o f $ound in the atmosphere can be <t

be lltough' of i n lc rms ofsound ray propagalion.Curvatu~of

sound ray path$ is a R'SU I. of vari a.ions in the speed of SOllnd
wi'hheight. Sound speed variations.can eithe r be cauoed by
changes in air density due to temperature or simply by the
movement of the air medium itself . Intuitively. one would
expectthat sound speed varia tions caused by a eom hination or
these two effects would be add itive . Examination of
measuremenrs condo cted by Park inaAd Scholes shows lher e
is some evidence to support this theory [7l

In the case of openter rain, data frorn Parkin and Scholes
181 1$summarised by Piercy (7] fOT obller ved excess
euen ueticn of gro und-bom e aircraft noise measured under a
variety of weather condit ions was classified in terms of the
total vertica l sound speed g radien t. Values of A. arc

interpolated for other distance s except thai satur ation is
assumed to occur farther tlLan6 16 met res and fur values of
total sound speed gradienlllreater Than 0.15. Wind and
temperature effects on barriers ar e treated in a SImilar man ner
to DeJong (II]. In essence, the height of SOurce and receiver
are mod ified to lake into account lhe raycurvatllre

Acou sllC$ Australia



Figure5. Geometry for ground absorptionalgorithm

Ground Attenuation s A,

Propagation of sound from a source placed above a semi­
infinite ground plane has been extensively reviewed.
Reference to Figure 5 shows that specular reflection may be
considered simply by creating an image of the sound in the
ground. The expression of the plane wave reflection
coefficientRp may be written as [10];

3. Validation and Accuracy
a)/mpulseNoise
Work on verification of the Environmental Noise Model
began immediately after its release. Mitzia [12] setup an
impulsive point source of sound and measured noise levels at
various distances and for a number of meteorological
conditions. The results are shown in Table I

Table I. ENM modelling accuracy reported by Mitzia [II ].

Whenever a barrier is interposed between source and
receiver, the reflection angle 8 is calculated for two cases; fir st
the receiver is placed at the top of the barrier and 8,is
calculated on the source side. Secondly, the source is placed at
the top of the barrier and 8,is calculated for the receiver side
The value of B is then taken to be the average of8, and 8,.
Again, this methodology is taken to be a temporary measure
until more is known about the performance of barriers in the
presence of the ground.

(2)

1

1

l h,

1

RECEIVER

I
"'I

: .>
I "v"

SOURCE IMAGE

SOURCE

where Ois the angle between the ground and the incident or
specularly reflected wave, pc is the characteristic impedance
of air, 407 SI rayls, and Z, is the impedance of the ground

surface and is given by [10]

Zg=PC[I+.057I(f)-0754_iO.087(~)0712] (3)

wherejis the frequency and cpis the ground surface flow
resistivity,SIrayls/m. The surface flow resistivity is defined
to be the pressure gradient required to induce unit flow
velocity in the bulk material. Eleven values of flow resistivity
for various ground surfaces are incorporated in the model
ranging from snow to grass, exposed earth to asphalt [11].

The sound pressure at the receiver is determined from;

(4)

The ENM algorithm calculates values of As at one-ninth
octaves and combines these to third-octaves or octaves as
required.

In the ENM program, a ground type code is input along
with other contour information. A vertical cross-section of the
ground is taken from each source to receiver point in order to
calculate barrier effects. In the ENM model, a choice is made
to average the ground types in cases where there is nota single
ground type. There is no physical justification for this
decision,rather,itisatemporarymeasuretobereplacedwhen
more is known about the effects of changes in ground types.

Lc=Calculated dB(A) noise level, Lm=Measured dB(A) noise
level, MET=Specific meteorological conditions
encompassing wind speed, direction, temperature, humidity
and vertical temperature gradient

At most points, the difference between measured and
calculated noise levels is less than 5dB(A) except for one
pointat400m from the source. This point corresponds to a
location just behind the apex ofa hill where air is subjected to
considerable local turbulence. The meteorological conditions
at this point were different to thatmeasured400m from the
source in another direction along the slope of the hill.

b)/ndustriaINoise
Validation of ENM at a steel works in an industrial area of a
town in the North ofltaly was reported by Cerrato etal [13].
The subject area is traversed by a railway and is close to the
slope of amounta in. Sound pressure levels were measured at
variouslocationsbothdayandnighl.

The principal noise sources included the smelting furnace,
smoke extraction system, the rolling mill and the pickling
fans. In the first instance, sound power levels were determined
using sound pressure level measurements close to the sources
of noise. The paper shows good correlation between the
measured and calculated third-octave band spectra at two of
the locations chosen for checking the calibration of the model.
The program was subsequently used to model noise contours
around the steel plant for the purpose of determining best
methods of noise control.

An intense long-term noise study was reported by Moller
and Brown [14]. Boyne Smelters Ltd operates a modern
aluminium smelter in Queensland, Australia. The smelter is
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located some 1000m from the nearby Boyne IslandITannum
sands community (5,000 people). ENM was used to calculate
noise levels in the community-themodelling established the
area of the community predicted to be "routinely affected" by
noise from the smelter. In addition it allowed quantification of
the few identified dominant noise source contributions to be
made as well as the extent of practical attenuation that could
be applied to each source.

Source sound power levels were first measured using
directional microphone techniques. The features noted during
the measurement process included plant layout, external
elevations of buildings, cladding types, wall/roof ventilators,
specific noise source locations and operation times of plant
equipment.

A total of 104 noise sources were quantified but
subsequent analysis showed that only 18 were significant.
Modelling input data included topographical data at 5 metre
contour intervals, vegetation dens ity estimates and locations
of natural and man made features. Noise contours were
produced to determine the extent of the community exposed
to excessive noise levels for various meteorological
conditions.

The predicted noise levels were verified by taking a total
of287 measurements at 95 locations between the hours 2115
and0515 every day. It was concluded that 75% of all predicted
values were within ±3dB(A) of the measured value and 90%
of all predicted values fell within ±4.9dB(A) of the measured
value.

c) Traffic Noise
ENM has been used to predict traffic noise on most
motorwaysand freeways in Sydney including the M2, M4,
M5,M5Eastandmanyothersecondarytransportcorridors.
The modelling method most commonly used (15] is to
simulate traffic as a discrete series of point sources of sound
power level Lwi spaced a distance b apart where;

4i=Lp o+1OIog(':,b)+3 (5)

where, Lpo is the sound pressure level at a distance ro metres
from an infinitely long line source of traffic noise. The value
of Lpo is taken from either CORTN (16] or FHWA [17]
algorithms as required by the user. In most cases, the distance
b inmelres is selected to be between 20m and 50m and in any
case is less than or equal to three times the minimum distance
between any receptor point and the road.

Noise contours were produced for the M5 west of King
Georges Road using ENM. The road surface and the adjacent
landforms were digitised and input into ENM. For this section
of the motorway, an 80krnfhr design speed was used to
generate vehicle sound power emission levels using the
CORTN algorithms as described above.

Table II shows the accuracy of the model at multiple
locations between Fairford Road and the King Georges Road
intersection. It is clear from the table that the ENM/CORTN
noise model is generally conservative.
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Table II. Comparison of measured and predicted traffic noise
levels.

The accuracy of the ENM model in predicting source-to­
receiver attenuation was tested by comparing actual and
predicted noise levels from a truck pass-by. Figure 6 shows a
comparison of the measured and predicted noise level from a
single truck pass-by on the M4 motorway at Sapphire Street,
Pendle Hillin Sydney.

The measured truck sound power level was input into
ENM and the sound pressure levels predicted at a receiver
point for the case of the truck located at various chainage
points along the road. By way of explanation, the metric
distance measured along the centre line of the road referenced
to the start of the road is called the "chainage". As the truck
travels along the road, it passes each chainage point. The
receiver point is located directly opposite chainagepoint
28025 (approximately) so that the sound level of the truck is
at a maximum here. Inmost cases, the difference between the
measured and calculated sound pressure levels at the receiver
location is within measurement error.
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Figure6. Comparisonof Predictedand MeasuredNoiseLevels
ofTruckPassby.

d) TrainNoise
ENM was used to predict train noise on the East Hills railway
line in the southern suburbs of Sydney. Measurements were
conducted at three points on flat land on an imaginary line
orthogonal to the rail track but at different distances from the
railway line. The sound power level of the train was
determined from the sound pressure level at the nearest point.
The attenuated sound pressure levels at the other two locations
was predicted using ENM and are shown in Table Ill.



Table III : Comparison of Measured aoo Predicted Train
Noise Levels
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Track Luel Lu mu Level Lavmu
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COSCLVSIO~

ENM has proven rc be a popular and useful acousncroclro
provide aa:ura le predictio n fora wide range of environmental
noi!lesources, Improvemenls.rebeing made to the algoritluns
IS more information becomes available. Improvements are
also beiog madt to interfaces with other programs, such as
Windows and i raphie plCkages. Thus the program has
become even simple 10 usc. wilhou t any decrease in the
ICCuracyof lhe rre diclions.andnoise le\'el cont01.lrscanbe
c1early presenled, see Figure 7 and froni CQl."er.

f igure 7. Eumple COIllour Oulpul.
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Matrix Industries Ply, Ltd, patented wall ties
provide structural support while reducing
transmission of structure borne vibrations
Resilient mounting systems are available for
all masonry and plasterboard walls and
lightweight floating floors.

Matrix Industries products are reducing
noise in studios and theatres throughouf
Australia.

Enq.....""."" saln
MATRIX INDUSTRIES PTY LTD
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PH/FAX : (065) 522 206
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Austra lian Exc ellenc e in
Aecusncs Award
The Excellence;n Acowtic s Award for 19%
wa, awa,ded to BHP Sleel. Long Producls
Division and BHP Engineer ing in the
category of ACOUSlic Dcsign - Large Scale
Manufaclul ing Facili ties for the Sydney
Sled Mill at Rooty Hill, New South Wales.

The soundprcll= 1"",,10within part , of lhe
Mill reach 120 d8( A), with strong low
frequencyromponcnls , and in olherscctions
of the building I IOdB(A) intem al impulsi""
sound pressure levels are common
D""ig.neB,BHP Stccl-Rod& Ba,Producls
Division and BI'l of Germany employed
innovative pla nt desi gn and advanced
llCOU'licallenua tionof lhe pro<:esse,10
achieve compliance with New South Wak s
EPA environmemaJ req uirements. a las k
requiring world', best pn ctice for
environmental noiio control due to the
proximily oftheMilitorcsidcnt ial housing

Thea ward was presented byt he Pr"" idenl o f
the AAS Charle. Don. and received on
bchalfo{the BHP by Mr Colin nceen o f
BHI' Engineering during Ihe Con fere nce
Dinner of the 1996 Auslrali.n Acoust ical
Society held aboard the Kookaburra Qu~'Cn

in Brisbane

Application. were received from New South
w ales, Qu<::cnsland and West Austra lia and
1M standa rd of each was high, We look
fOlWard10 the next Awards which will be
held in 1995 and hope that projec ts from sl1
Australian Stale. are forthcoming

U. lIuso n

VIC Meetings
Thc Victon a Divi.i "n hd d a .it c vi.it 10 d,e
Borall'la,t erboard factory at Port Melooum e
on March 12. First the aeou'tie performanc e
of lhe various wall systems with STC of up
to ~OdB were discu' sed. The faelo ry
inspeetion~red the drygypsum storage

area, through the 'cveral hundred metres
long production line. From the ' wet' end
where the plastic plaster mix was inserted
undercontroll edthicknessb etween lhepaper
liners, through the hardening arca, to lhe
'dry ' end where the coramuousplasterboard
waseut into manageable lengths for storage
and eventua l dispatch

On June 4, thcre: wli l site visit to Lochard
P/Lwbi eh .pe eialiJl:si n lc ou. licl l anclfl ighl
track monitoring systems to help airport

ACou s lic s .Aust ralia

authori tie. pred ict and managc Ihe
environmental impact of aeroplanes. First
Ri<h"rd Bell descr ibed Lochard's eOre:
produeli as the Global Environment
Management System (GEMS), the
Environmcnt Monitoring Unit (EMU), and
the Environment Analysis and Reponi ng
SyslCms (EARS).:\<llkeOsl:>urn e.d escribed
EMU and Pr of Keith Ada m' described
de"" lopment (>[the EARS ane r researeh into
sound source rcc<>gnilion using neural logie
A demonslIation of the various meas uring
inslrume nts followed, Early work on
devel op ing the EMU ,h owed the
cons iderable ,u per iori lyof digital over
analog methods of noise mcasurcmcnt and
the C<;Inscquent da ta handling. The analog
microphonc output is immediately converted
to a digital signal, providing greater rcliable
dynamics range (120 in, tead of 60 dB),
freedom from elcctrical nois. , and reliable
frequency analy,is and data halSdling alSd
sto' age

The neural network proce..ing function now
inemp malCd in prnducts such as the EARS
allow. idcntification of a;rcrafl noi,e source,
and discrimination aC.i nst unwanted noise
such as that from road tr. ffic.While the
neural processor is still under dcvelopment,
an accurac y of 70 to 80 percent in
....,ogni. ing . i,eraft noi.. h.. al, •• dy bo. n
achieved.

Louir Fouvy

Acoustics Austr alia Ar ticles
n.e E<,lito.s.repaniculatlyplea'cd lo nolC
that llther journa ls are intercsted in our
article, . The article in the December 19%
issue by Narang and Butler on aircrafl noise
insulalion hIS been reprinted with
acknowledcment a, a Special Feotu.e in
,",oise and Vibration 1997. Similarly the
artic1. by Flctcherlln theDidjeriduhas bcen
reprinted in tile November 1996 i"ue of
ACO\l5tic, Bulletin in the UK.

Science Popular
The poll of 1060 Australians, C<;Inducted by
AGB McNair on behalf of the CSIRO,
prod uced the surpri sing re,u lt that
Australians would rather read about science,
medicine and tech nology than spon or
politics.

Thepollshllwed 66 re,pondcnts~re "very

interesled" in ' port and 44 in politics, as
C<;Impared to 92 in new tcchnology and 87 in
..:ientifiediscoveries

But maybe pal1 ofsciencc>s attrl clion is i15
dark sidc . 42per cenl of re, pondents felt
science had become so powerful it was
dange rous.

Hearing The Light
A new underwater surveillance technique.
dubbed "acousuc daylight". which relies on
the amb ient noise in the ocean to
aeoustically illuminate atarg et,i ,shapingu p
as new covert surveillanec mcthod .

Dr Mark Readhead of the AMRL Maritime
Operation, Division of DSTO who was
a"a rded the inaugura l RAN Scieoce
Scholarship fm hi, proposal to investigate
theeoneept hasrccentJy retu. nedafler
spending nine months at the Scripp s
InSlitution of Occanography ncar San Deigo
learning.boutlh em ethod

The technique originated from a group led
by Profe..or Mich ael Buckingha m al
Scripps. The group u,e an acous tic lens thai
is similar to a satellite dish in appearance.
cOllsisti ng of a three metre acou stic
re l1ecting dish with . 126 cl eme"t
hydrophone array at il. focu.

Dr Readhead said that now that acoo, tic
daylighthad~n esrabhsbc d as a vsable
servcillance mcthod ae least for near ranges,
much .y stemalic research was oeeded to
eharaclcrisc thenoisefic1 dand iden tify the
optimal equipment configuratio n

For an acoustic lens Dr Readhcad f""urs the
u SC of the ph...d hydrop honc array in place
o f lhe reflectingdishand its smallarray, bul
it comes at the co ,t ofa greatly i"" rca", d
computing load

From Austra l;"n Defence Sciellce News, No
/6. p5,J 997

Violin Octet Tour
TheexquisilC eat ly violin, arc gradually
losing power . nd wearing oul under the
demands of modern pcr formanee and being
pUI in museums, l1>e world of modem
music is grop ing for new form' o f
exprc"ion. ncw sounds, new harmo nies and
diss onances , Our lJrge concert halls are
calli ng r", increa>cd sound from the string'
We need new and more powerful string
instruments

The ace laimcd Violin Octel i . the ans~r

with e ight octaves of balanced string tone
neve' before hcard, giving iTICreascdpower,
e nhanced dynamics. and grcate r frequency
ranGes. They provide thc clar ity and
projec tion o f violint ype,oundin a ll oc\a' '' s
with new tonal C<;Irnbinalions and enhanced
pizzie.t o. whete the large instrumenlS sound
like giant guitars. The Violin Octet can
sound likc a baroque conson or a wholc
orehe' tra

For the past 30 )'"Cars the Violin Octet of
eigh t finely matched instrumen t. ba'
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l<awllw Ihounnds of miles 10 invil. d
1cc~'dcmoonsll'ations snd concCTls. from

USA 10 Cs....da, Eu.op e, u d R~ssi a

A~di.n""s Ille abu ys enlh1,\si• •tic. The
oollabon lion ....ilh 1hc Corucr ... toryhas Icd
lo .n . ... cmble ofhillhclus professi onals
wilh a n u lcnsi,'e and eve' Il.ow ing
rep. rloire . new m~ sie composed and
lITangemenrsof cla.. ies mad. 10 show the
bcslpolenlial oflheinllNmenu .Thc Cal8ul
A«Iusl i"alSociCly(CAS) i,scc~ i nglUpporl

for the World Tour or 'h e Violin Oclel.

FordeliJ,/$: Oclr/FMMofCAS.111£SSrx
A""~M", Mmrtd ll' r, NJ 07()#] rd.- +1
9731444019 FlU: +1 9737449197.
Co/ptAS@mJ ".""",

NOISE-CON 98
The 1998 N' lional Conference on SoiK
Control Engin«rin, will be hcld in Ypsil;O/lli
Michigan on April 5.8. 1998. Th. eonfcrencc
is bcing O<glllillCd and oponsored by lhe
Inslilute of Noioe Conlrol Engineering
(Si\ E). The llicmeofNOISE·CON 98 WIll be
Transporling Noi.. Con lrol 10 lh. 21s1
Cenlury: Pl.n ning fo• • Qu iel FUlure
Tcclmic.aIPapers in .n ....... of noise control
engineering may be lIIbm ined for
1""C"1I1ion,hpcn on\laI\o.pOfUtinn\<Chid.
sources. noix COIllroi r...'ucrial,. and noi ..
control p~ielion.n:especia1ly,,'elcomc

NO ISE·C ON 98 will be followed by a
SOUND QUALITY SYMPOSIU M on 9
Ap.i l. P' P"" in . 11 ••eas of o01,\nd are
welcom e. Topics lu h. cov. red inel ud.
.utumotive sound qu.lily. memes for
comp le~ 100n,ds, sound quality of mOlO" ,
.p pliance l , . nd compone nll . and IIVAC
soundquslily.

Ocw ls: None Conuo l Foundat ion, PO Bo~

2469Arlinglon Branch,Poughkecps~,NY

1260J. Fn : t I 91446J020 I,
cmlil : noi_ on98@aol com,
IIltp:llll...rs.aol,t1lfn.I1Ioiscoon98/ne9ILcfp.hcml

Causal CDs
CollsaI Produelion. Ply Lld h•••ee. nlly
relellcd I number of con ferellCeCD ROMs.
These include lCASS P 97, and the lNCE
2SIh Ann;versary . CD ROM . This laUer
contain s 1M proceed ing o f The w.n.""
acment Sibine sympos'llm;
INTERN01SE'94 . nd ·9S; ACT1VE'95 ;
Noise Conlro l Engineering Journa l, 1994 •
1996; Technical ProdllCllnfonnatioo from
companies in lbe rleld of Noise ConlJol
Engin. ering and sel"" l. d pal.n l .bs l.... b
from the ficld of Aeliv. Noisc Conlrol

Conll ct Tei: f 61.S·S29S8200, Fax: +61·8·
829 58299.e mai l :info@ cau. ll .o n.n el .
hup:llwww.cau..l,on.nel
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OHSon W WW
The Naliona l Occu pational IIcah h and
Safely Commi"i"", Wo.ko.f. Auslralia. h..
rccenllyupdal.dill'oll'l:b. ile. Ncwgrapl>ics
.... il t wilh . ccen to lnformalion, Legal
ob lig' lit>ns. O ilS Trend, . nd Rese.r ch
lssucs. Msnoging Woril pl."" hlZllds ClC
bttp:Jlw",w... -o<Uafe.&O".• u

Changes lind tntttattv es
Acourtlc R..., .,d Labon lorica, I1so Rioo
dislribulOTlin AIl' ll'aha, ha>" opcnOOan officc
in Box Ih ll. MelbollfllC10 improve se..,icc 10

lheir Viclorian .n d Tu mani. n d ienls. In
addi\ionl o Riun .qll ipmenl lhencwoffi"" will
service high.r n'l llin:mcnlS for Aeouslic
Research Labun torics' noi.. and vibralion
I"",,,," Thc SI. lCMMlagCT is JolmSearlewho
has many ynn ofC'lpcrictM:C in th. ooisl:
controIindustry. .Iohncm be cOl\l;lClCd on OJ
9891 4711. ARt ...... IJlO'o'ed 10; Lcvd 7,
BuilcL"l 2.42J~nnanl Hills2120

N... C. mp. n)'. I·.;ol.. Conr ... I ....... lnll•
f'l yL. ld . hal rl:'C cntly bccn fooncd . ll is
commilted 10 excdlence in d• • ign.
manuf.c ture and in...ll~ lion of noi"" cunun l
equipmen l. The di,ee tors arc R~m

Kri.hnasWlmy. Roberl B lac""~ 1l ~nd Ron
Chcong ...1\0en be contacled on Td : 02
974J 241J

Cau s. 1 f'rod~elio" " f'l y L.ld has lbe
foilowing llCW "ontaelS'TcI :-+t>1·8·S29~noo.

fu: ~ 1.g.829S8299. info@callSl101l nel.
hllp:lI....w....,..usal.on ,nel. Th. add, . n
rem. in. lhe I.InIC . 1 PO BOl 100. Rlllldle
M.ll SOOO A~.. ral;.

Rob er! f lu ell A""uulu Pl y Lid has
ebanged ill name 10 Rf A AcouslicsDc:lign
l't yl .ld, The locati<>l\ oril , Sydn. y o ffi"" h..
a lso chang.d 10: Leve l I , 280 PaciJie
lI i"' y l.indfie ld NSW 20W wilh po" . 1
.dd PO BOl S44 Lindfield NSW 2070
Tei: 02 99100400Fu.: 0299100419.

Ber. " In lt llmtll tl rec . nlly appointed
Davidson's II thci , sole A~.ll.l illl

di .lri bu lor. Beran Condil ion Mon iloring
Sy.lem shas c'p"ric"""dgrel' s"""" n in lhe
UK . nd • •• being noW ,n. ,colin , ly
Ihro"gho~IEurop". As Au. uali.., ;ndu. lri..
c. pand, Beran sccle "cn. ivc applie' lion. rOf
Ihci.prooucl,ben:•• spcciatly lh.inllO"alive
766. Thi. i. lhe fourth generalion on· line
Condilion Moniloring Sy.te m, It OITe.. bOlh
porl .t>le . nd p"/m anenl monitori nll for
IQlll in,l pl.n" . nd clearly dCmOnl lf""
Betlll '• • bilitytomectlhcncod-o ortoday'.
condil ion.ba....:l mainlcnanc. lt .. 'Ciie'

Reln forc .d t:ar1 h Co nop. ny (previOIl.l y
localed Somersby NSW) hal capnienccd
. ignifies nl g' owlh and .>. n:.~II b••
r.loca ledlhcirheadoffiO;C IO.Lcvc1 2, 20
GeOfIl. sr, lI om ' by NSW 2077 Tel: 02
'l9109 9 l0 Fn:0299109999

Vip.. In S . .. .... . lle _ C.le b Smith
Conlulling. thc leading acoustic colll ulcinil
group in tbc !l unt.... Valley and Ncwcaslle
an:a. ha. jo in. d inlct nalionalenginccrinll
eOlllulw l1 Vip. c Engineers and Scienli,l .
Eilablishcdin 1979. Caleb Smilh Con.u llinll
h~ .chicved an o"ls landing and enviable
n:cord ofllC oust i. projl:'Clcxpcn i", in NSW.
W,lh ilSlt\Iin focUl 011Ncweastl•• I"" Hunler
V.llcy . nd lhc non hcm d,slrielSo r l.... $Ial• •
lh. prar;lice grew and- eurl'\'rllly employ.
.........n.ta tf. r 'vc o f lhembeina: engineers.
VipllC'l involvem. nt ensur • • lh.1 lhe
Aeoull ic. 1 Con. uhi ng Pracliee o r C. leb
Smllh will conlinuc as . reli.b1e ...... ice fo.
lhlSres ion of Allltralia

STA f'\iDARDS
~t:w Assistance Service
SlandardsAIl 'lt..li. laur><:hed I«hn'es l
...i.unccscrvic. in July wbich il1enh. 'lee
ill posilion .. . specia lised provider of
adv.sory.lnining andw....lioo .......icelin
lhcSlanda.ds,eonfOl1ll.l.llf;e ond t«luucal
mark.ts.

Tbe l>CW ..... vice will . over all Su ndar....
lelaled issues and at lhe samc lime mabl.
Project> Ma....gers and wmmi ltec members
10 coneenlrale on COle Sland.tW-Wriling
~tivili., The sca ling down oflhe Il:'Chnic. l
in fo.mal ion servic .s provi ded by
orpniil tions such .. Ihe Ilal. n:gula1ory
.u !honlies, CS IRO and the ;nl.......... Council
of AuslJaliahaslcfltbc AIlI" alianindu.ety
.nd tbc communi'y ll wKC with fcw,re ad ily
av. ilabl. SO<>ICCl of lc<:hnical inronnal1on

The <>pp<>nunity hal now ariscn fOfSrandards
A"",I..lia 10 broaden ib llCIICT.1 SlandardS
informalionand commiucc·bascd lechnic.1
."illa n,e wh ich W{luld scrvice lbe
eommun' ly'Scxpec talion in lhilrqard

The serviceis nct Imendedte operare .. .
cOlllultaney in lhe nOimally acccplCd .., l\SC
hisprirnarilylo prw idc 'CipOfl""' losJ>CC,fic
quc'ltions 011 StanoJardsand Starulards·relar.d
iu ucs.. Roque'" OIl lhc i.... rp<cllliOft o f .
Slandard, or the lCecplabilily or . mi"",
v..i.li on ...~ I also be eon.i dcrcd ond . n
opinion provided.

lfthequcstion il .i mple . od . an be • ........-cd
on lhc phone in. loon lime. Ihen: ....ill be no
chalge . lf lllcque'l ion i. mon: complicated
o.1he .aller w.nl$ confi/m~lion in w ri linll,an

n'i",.teofth.eosl . ndrcspono. dale will bc
pl'O'i&d

Thi...rvicc: will deal WIth lh. provision nf
.s l i. I. nce . nd Informali on lel' ling 10
apfIlicariOllorreqllircmcnll inSlondords;
lel ling and cerlifi ..,ion 'C'lu i,emen lf;
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~giORlI and inlemll ional Standa rdisation
~quin:ments;occUl'"lional"""lth~nd ... fely;
advicc lo~erlimpor1<:1;lr....l~lion

Building Stln dar ds
The JoinI Buildin,SI~ndlrdsl'olicy8<>ardJl

ils meeti n' OIl 13 M~rch 19':l7rndorse1l llle
followin, inil iali~ 1 laken by Siand arda
Auslrali a: identlf iul ion of 227 bUIlding
Sunda rdlfor withdraw:allnd'7 prnjecl lfOf
delelion; ~ liS! ofSI~nd.ard, will lit senl 10
key o,¥.ni saliOllS for lhc ir l'C'\'icw; ~~i~ of

the main comm inces and 5Ill;o;omrn;ucet for
possible Imll,~malion~ all comm inee. 10 lit
revie"",d for ~li,nmcnl (ISO) ecmmiuce
Slrueture; nist inll SI.n dard. will lit
revi~d fnr compui lOn ....ilh ;nlernalion. l
Stln dards; I mend mc nll 10 bu ildin g
Standards arc to he publid.cd (>Illy Iwice .
year; a hi,h.r di' lribuliono fmcclings need
to bchcl dincit i. ,olher thanS ydney .. "", lI
.. morc uSCor audio-confercn.i nll r.. ililiel

Th. followi"ll iniliali...., with tho AlI>uali ln
Building Code:. Boa.rd arc abo boing pUI in
plaoo:Di re<tor . ·,c ehnieal with lhc:AlIStnslian
Buildin g Codes Bo.r d is workinll I I
Stal'odards Australia's Head OlTice (or one day
a~~ su.ndards amendmcnlo re ferenced i n

the Building Code:of Australia (BCA ) will be
pubhshedl....icc ayc.r; StandardsAum alia
wilipfO'o'idc lra ini ngfnrprnjecl,m~nag.. on n
prcparalionofSlandardofor~fer..... ing in lhe
BCA; Sl.ndardisalion Guide · 9. I( lnl)
Preparation ofSlandard< Refer. nced in lh.
R"ildingCod.ofAuwaliawill bc rcvi<edby
l""e lm; Primary ~fe",nccd Sl.1ndard< .~

to\>c idenlif lCdwith lhe AlISlralian Build""
CodooRoardlngoa""approrl'llle'doOrd",gis
to be inc:ludc:din lhe: SWl<la.rds~lIudinli

coordil\lh M

DCA on CD-RO:\t
The:_ pa- fOllllallCe ed ,' ion of lhe Bu,ldinll
Code of Aus"~ha io now avall~ble

eleoclronically (>Il Ihe 'SI~ndards on CD
ROM ' 5Crv icc. Un"'r .n l ll~e"",nl ...ilh lhe
AlISnali. n Buildin, Code. Board (ABCD),
Standards Au.u . lia will be p' ","'idin, lwo
di lTcrenl5Crv;ecs. ...ilOtCd10 Ibc nccd. o(lhe
buildin, i"" uolry. For e\lt lOmCB Jubicribing
to Sl.IIndardl; on CD ROM scn'icc, lhe: RCA
un now be ..uledtolbcir wbicriplion.

The JKOfMIservKc, i. a f"i.«-dprice CO
RO M ...1lich will include the RCA . nd a111he
AlIOlrailanSl.Indardsil cal!.Jul'

llIcAl<Jrro/i""S"l'Idards .hsnc / 997

Sta ndards Online
AlISalli an Sl.Indards .... _ "' .. j]~bk onlinc

than.... 10 • pmneBhi p ... . 1 betWffn
Swsdank AUlln lia and ill S Al>Slrali. Ply
Lim;ted. A... ua lian Standards Online: i. a

Acou.licsAustral ia

. ub&criplion 5Cnlin ....hic:h pr....'ides

. ub&cribcrs wilh noI justtl>e (ull eolleocliM of
A~han Slaf>dardson-I">c, bul comblnCl il

",ilhmany ad.t.lion~l d<>cumcnl manJgcmC1\1

(U lUtU. A"'l r. liaI>Sl.1ndards Online will be
~""ilablc: to .ub&cribe... from July.

F~rlJrr' i"/"''''''II" ,, : fHS A~J",,ji,, (m

ft«d/i Tr/:ISOO 0611l1'9

Reengtneer lng
One o( the.l.1lcd obj«livnof S......... ds
AU'lfal i~ i,the need tocorounllOll<ly dcli>1:r
I(euns l., ~IC""'I'lI and lirnc:lyconlemporuy
SI.II""".... , Thi.objeocli....,h.... emergcd u ~

di.ca lUpunIiC 10 many industry ICClOrS

which need prexnlation in "' Iys ",h i ~h a~

morc meaningf ul 10 them, To ..hi".....,lhis.
Slandardt Au."alia wiU have 10 re...,,'aluate
lhe proc....s it cu rren lly . Wli rs , lhe
lecMology il u"". and lhe w. y il" I. lTwo,l .
A . u;l. ble me,hod i, ~",engincerinlt,

. om. lhing which many leading
o'ga ni>aliun. are embark ing On .. an
.W roach In ,ucceo.fu llyaehie~e luog. lerm
ro,ullJ. Rccnginc:cringi. defin.da" Th.
fundamental relhinli ngandrad;c.lIl rodc. ign
ot bu. in. .. p'o ...s. , 10 bring a!>oul
dram. lie ;mpr""ement ;nl"',fOJnllUlCC

Ovcr Ihi. ne~ l financial ycu, il h.. be. n
decided 10 roengi neer Ih. proCOiS of
preparing Siandard, and ulh~r producls

Whol i. hop.d wi ll emcrlle oul of lhc
p'Ollram i. a new cuslomer dri~n eullure
where individlUlls become Ie", prolecli~e of
funelion .land pro fel<i,,,,.lbnundaries,
whe:rc tak nts a"'moro expl icillytecognisod
and where individu als beco me more
.clXlunub le and ' « pon,' bl. for delivoring
val""tocu.tom ers

Car Alarms
StarldardsAu<u.Ii .ha>.ignallcdl hcarri>alof
• newg.:ncral iOfl of~quiclcr'· car alarmswllh
IhcpubJ ic. li"""f a reviSl:dStanda,df",
vehid. alarm sy. lem•. The Sland.rds
,peciroesminimum pe,fnnn.ncc "'qUlrem""l .
. nd llSsocia1ed lesl melhods for . Ilf ms
insl.1l1cdboth during and.ficr lhe: vdlidc's
manufaeturc.llcoversal.. m systenudcsigncd
10 Jignai lhe unaulhori>cdopcning of . \'Ch.icle
as well • • lho'IC which u n complelely
;mmub ilisc a vehicle once il Iw been
lampere<! wilh. AS,INZS 31.\9.1.1997,
rnrrudcralann.yolems _Roodvch i.Ics,PanI ·
!'tt (onnancc rcqu;m ne,ua. ,'.-as publilhcd to
C1l>lIrepas>mgcrcar alarm ' )1;!rol. ,r.,'I.higll
SIIndardo(safety, perfnrrnance . nd ", liabil,'Y.
h ....limalely .im. lOrcd""" ral"'al.rms and
de<:rea<e lhe llSOcia'ednoi'ICpoll Uliorl Thc
<ttnn d pan oflllc Slandanl c"""";n g thc:
jnsll ll.,'onof....,hiele.larm.y.I. ms. i. duc
for publicalion lalerlhis ~.r.

2000 CR ISIS
In lhoyur 2000, well befo",thccxcilcmenlof
aill1elCland gold rnc:dals, ano<bcr ovmt ol"
OI)'illllicproporcions,,'ili lake placc.lr• • II.
. imple mallerofda lcs. bul lhe f," l <byOflhc
new millen nium co"l d polenlially wre.k
corpon1e chaoo "ilh hotn:ndou ,
""'""'l"C""" for b\l$in<>Sand adrninill 'al iun.

"I1>e<Cnlury dale ehange{ ol", koown a. 1he
Year 2000 or Y2K) problem is . ",.1 and
acrious one concc ,ning vinual ly lbe cnlire
infOJmaliooteochnology ;n<!u,lry.

..ilarise.from lhe almo>IWli' ......lpractioe
o fu , ing (>llly l"", dLg'l<to record lhccal cndar
)'Car, for eumple DDlMMIYY". The useof
lwo-digit record ing ....as inlended 10 ~
... luable >torage sp.acear>ddal.1tlllry lime

Progra mme.....umed Ihal Ihe . ortware
applicaliOil' lhey "ere prvd ... ing "",ul d be
repl. ced l<>ng before lhc c. len<!arc ....ng•
couldc auseprnblem,." Remarl ably, lt'IIl1yo f
IM SOold p''1'ram. are ,I, ll ,nu,e."

In response to lhe Y2K ori,i " Standatda
Auslralia hal publi. hed a handltook called
SAA HB99, Addre•• ing lhe compa"""" of
dale. for the yc. r 2000 and bcyond. The
handb oo k uplain. Ihe y.o r 2000 d.,.
ch.nge al1d oITe~ lWO . Igorilhm. for
organi~al 'on. 10 usc 10 r..olv e Ihe
m. ,hem.lic. 1 c. lcul' lion issues .,<o< i' lcd
wilh lhe pro blem. Ahh(>ugh HH99's
", Iulion. ottginalcd from the c.rd .- i., u;n!:
il1d u$lTie. , lhc Ingic underlying lhe
appruachcs i••,,11 . pplica ble wi'h some
modifie.I ;OnSl(>,uil ' pe<:ifoce l1vironmenls

New AS 1055
SI.nda rd.Auslr. li. has reccnlly rd eescd thc
1997vc rii 01\l 0f AS 105S, I, AS lOSS2.nJ
AS IOS53 . ll>c. eth"'e sl.1ndard. co....,' Ihe:
de. oripl ion and mea. uromenl of
environme nl. 1 noise and replaee Ihe 19R9
versions. Thisscric,of .l.nda ,d. h.,httn
r. ferred 10 in ma,l c n"lfonmcnl. 1 nois.
aSSI:..mcnto lhrough"u l Au, lralia

I~... I
l1IC follo,, 'ing new membe••, or upgradC'J.
all' "", leorncd to lhe:Socicly.

NSW
Sub ",rlb.r Mr S B'~lel

'>0
~hmbrr Mr C Huy!>rq: I.
SubK rl t>.,r 1.1r T E.me.
SA Mr SA nlOtM>poulo<

Su b5Crl l>rr MiU A Rob<fIIOIl
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SALES ENGINEER
We are seeking a qualified Mechanical Engineer
who has a proven and entrepreneurial sales
record with at least 5 years expoThe person will
be responsible for selling engineered solutions in
a wide range of industrial acoustics.

The ideal candidate must have a proven track
record with excellent communication, problem
solving skills and be able to meet the customers
requirements. Some travel is involved.

Salary by negotiation - company car is provided.

Please repond in writing to:

The Manager, PO Box 849
Hamilton Central Qld 4007.

Email: soundcon@powerup.com.au

SENIOR ACOUSTIC ENGINEER
Renzo Tonin & Associates Pty Ltd

Renzo Tonin & Associates Pty Ltd is an acoustics
engineering consulting company renowned for high
technology work and devoted to giving clients the best
service possible.

We have a vacancy fora senior acoustic engineer to head
our Building Acoustics Group. The position requires a
degree in engineering and membership of the Australian
Acoustical Society.

The applicant will already be working in this field and will
have a minimum of5 years experience predominantly in
building acoustics. Experience in the project management
of hotel, apartment and mechanical services acoustics
projects and in the supervision of project engineers are
pre-requisites.

A salary package will be negotiated commensurate with
experience.

Please telephone Renzo Tonin in the first instance for an
appointment. Your enquiry will be treated in confidence.

Renzo Tonin & Associates Pty Ltd
Level 16,9 Castlereagh St

Sydney NSW 2000
Ph92311633 Fax92327260

Acoustic Consultant
RFA Acoustic Design Pty Ltd is the new corporate name for Robert
Fitzell Acoustics. The company has operated since 1981, and offers
consultant design advice in the fields of acoustics and vibration. The
company has developed an excellent reputation, being one of
Australia's most experienced acoustic consulting firms, particularly in
the facets of building acoustics design, and in environmental acoustics
systems engineering.

We want to hear from people who:

• can demonstrate a keen interest in acoustics

• want to work as part of a team committed to producing quality work

and

• can work under pressure

If this is you, please write, fax or e-mail to: Mr Peter Humphreys, Projects Manager,
RFAAcoustic Design Pty Ltd, PO Box 544, Lindfield 2070, Australia.
Fax: 61299100419 E-mail: rfaacoustic@compuserve.com
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Noise Effects '98 ICBEN
Preparations for the 7th International Congress on Noise

as a Public Health Problem, Noise Effects '98, are

proceeding satisfactorily. It will be held at the Sydney

Convention Centre, Darling Harbour from 22-26

November 1998. A Preparatory Meeting, arranged by

the Congress Organising Committee, and attended by

Commissioners of the International Commission on

Biological Effects of Noise (ICBEN) and the leaders of

each of its nine International Noise Teams, is always held

12 months or so before each Congress. This Meeting

reviews preparations for the Congress, and considers its

scientific, social and cultural programs, exhibitions and

budget. The Preparatory Meeting for the 7th Congress

will take place in Budapest preceding Internoise97. Dr.

Norm Carter and Dr. Soames Job, President and Vice­

President respectively of Noise Effects '98, will represent

the organising Committee at this Meeting.

Further information: Noise Effects '98, GPO Box 128,
Sydney NSW 2001 Australia Tel: 02 92622277 Fax: 02
92622323,tourhosts@tourhosts.com.au

INTERNATIONAL CONGRESS ON
ACOUSTICS
The 16th International Congress on Acoustics will be held
in Seattle, Washington, on 20-26 June 1998 in conjunction
with the 135th meeting of the Acoustical Society of
America.

The meeting will consist of plenary lectures, invited and
contributed papers, poster sessions, and exhibits. Topics
to be covered include acoustical oceanography, animal
bioacoustics, architectural acoustics, biomedical
ultrasound, bioresponse to vibration, engineering
acoustics, musical acoustics, noise, physical acoustics,
psychological and physiological acoustics, signal
processing in acoustics, speech communication, structural
acoustics and vibration, and underwater acoustics.

The conference program will be supplemented by
technical tours, scenic tours, and a salmon dinner, and
there will be a two-night post-conference whale-watching
excursion for the nature enthusiasts.

Forfurther information:
ICAflSA'98 Conference Secretariat

Applied Physics Laboratory
1013 NE 40th St, Seattle, WA 98105-6698, USA

e-mail: ICA-ASA98@apl.washington.edu

Acoustics Australia

int.,.nol,.98
16 - 18 November 1998

Christchurch, New Zealand

SOUND AND SILENCE:

SETTING THE BALANCE
Technical Programme - Distinguished Lectures, invited and
contributed papers and posters

Major Exhibition ofcquipment, materials and instruments

Social program for all delegates and accompanyingpcrsons

Abstracts, approx 250 words, must be received by 16
February 1998.

Authors will be notified of the acceptance by 16 April 1998.

Manuscripts must be received by 16 June 1998.

Each submitted paper must be accompanied by at least one
registration fee.

Satellite Symposium on "Recreational Noise" 20 November
inQueenstown,NZ

Inter-noise 98, PO Box 118 I, Auckland 100 I NZ
Tel +649 623 3147, Fax +649623 3248,

internoise98@auckland.ac.nz

http://www.auckland.ac.nz.internoise98

INTERNATIONAL SYMPOSIUM ON
MUSICAL ACOUSTICS

The Acoustical Society of America and the Catgut
Acoustical Society will combine to present the next
symposium in this international series immediately
following the joint ICA-ASA meeting in Seattle in June
1998. The meeting will be held June 26-July I in a resort
and conference retreat in the Cascade Mountains area,
east of Seattle. About 100 participants are expected.

Papers will be presented in all areas of musical acoustics,
including instrument and voice acoustics, music
perception and cognition, computers and music, and
interdisciplinary topics. Workshops are planned for
Iuthiersrcsearchers and students.

For further information:

The Catgut Acoustical Society
112 Essex Avenue

Montclair, NJ 07042, USA
e-maiJ:catgutas@msn.com

The home page for rSMA98 is:

http://www.boystown.org/isma98/
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VALE - Kenneth Ma rti n
The Sout h D"'i .ion .. r .... Soci<l}' 100' """ofi.. f".,....,j,nc ond k>o,.
1M.T\'ini membeBwhen Ken Mo",n po,sedow oy in ' oly ll", Y""'

El""tedtoth. Commi'I"" ""h. SADRii, iQn l 'i" inaulu ,, l m 'ng ,"
1976, Ken __ the Di.,.;ti<>n ~ 'in' ~..w.r!"I,....r ond d
lhac:ofr>u><o"'i n"""", ly fr"",h;, miti. l.te<,,,,,, "", il. fewwcck. prior
IOhndoalh of7. Y" ln oddllion 1I1 "'. K>on and
IimtI)ol n.... ion .. hiclIhc p"' lOlhelft:UtntI.. , ''' ..\filM l''''' .. Km
. ho rcol:on "";"' tolf "'''''COWIIinS rot the ronan<;"I.ff of •..,h or
.... Soc:i<ty. " ..,uul c""roren<cS .....ich_lo<ld loy SAdm.,,,,,
andf"" the S.' ell>tc S)'fflp", ium ht ld in Ad. I'''' poiof",'tJ< ICA hcld
in Syo-.. y ,n 191lO

K... ~ mvol_ t In X Qu" k . b<~n .....,1. I><"in I n " fri,-cr in ,h. SA
1I.. lIhComrni Mion, inwst ip ' inl ..,i .. ltwI ••nd h..,inIC""''''VlI''O "
m<lhod. inIOWf,un.,u ""',k placn in ' ho J9600.A,.. ", f.. ",'hcN"".
Coalrol$<ctionoflboDovorut'l<nto(Labuw andlnd yin'hc rnid

1 970 ~ pI'O";ded • • penOllCC in ""'X """lrVl .n,; ,he

...... i..mion o(l>eari n ''' ' ion .qul.. i...... JOI'CRUI><'''ond
plI. .. . indu.lry K... _f"' SA E....ironmenI """I'1&""in.n.....
.... ea:ly 1 91lO~""',l bo ....irod in I9U

D..,inghi. ....'l'ftII<nlKen .ndhi. "''if.,..v.ltod freq'"'n'ly ~r.. ..
e>p«i ally lQ Chi... . A, a l u." oo of lh. ""00 he round lim. 10 00
"" IWIIMy work in h"oapa<;1)' wilh Ih. MMion Clly Coun<il

Ken i. ourvi.....~ by hi. w,f . Shirky . nd h,. ", n Sha... '" wh.om ,he

Soc:... y .... nd.i"~I....... _ Hi.contribu" onlOlllerunc'''''' i"IlOf

Il>eSADlvi""" .. ,1Ibo -el) ",issed
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i$'~•••
Hand book of Conditi on
Monitoring

BKN. RAO

EIsevier Sc;e1lceLld.. J9')6, 60Jpp,hard

covers, ISBN I 85617234f . AWSiraiian
Di, ' ributor. DA 1,,/ ormario1l Serv in " PO

Box /6J. M"c Aorn Vic. 3/31, fe1 0J9873
441/, Fw: 01987] .l679 P' iceA$/87.7S

Weighing in at lolmost I,.l kg, IhcHa"dbook
ofCondi(ionMoniloringprovide. ~.600

pages of r.adi ng no Ihis diverse lopic
Although the wurd Handbook appe.... in lhc
book's title, Ihi'WQ,k does not appe ar to be a
purpose wriuendocomenl bul rath<:ra wide
rangingcolle<:lion or tw<:lIly tW<l articl.s
wriUen by a variety of authou. The
advantage of rhi, i. thai a number of
viewpoinls are provided (ahh uugh Ihis may
leave the reader (cc hng swamped by
ahemali"..). The disadvan tage is th. 1 the
handbook lacks ron sislCf1cyin ils form'l and
p"''''''lat ion ' 'y le from ono chaplet to Ihe
nex1. Furlhennore,l here is iome overlap and
repelilionbetwecn ~eralehap lers (table,

sllowing faults in totaling equipment ele).
Thl>standard o f lile wriling is gcnerallyq uile
acceptable although nalurally varies from
one ehapier 10 the ne~t. In many instances,
diagrams eoota incd annotations which were
illcgible to Ihe reviewer's nakcd ey<:. nne
reviewer doesnot require s ight corrccrion .)

Th. hMdbo ok begins by plese nting
argumellls for Ihe uSC of eon dit ion
moniloring and looks al whcre condition
monitoring is going. The second ehnpter
(I1le Way Forward') presen!s M objective
leview of the somewhat cheqllCredhi,tory of
eoodilion monilor ing and makes interesting
reading. This is follow<:d by a number o:>f
chapter.; which concern tht.:application o:>f
condit;(>Ilmon;toring lo various engineering
components Of sy, lems, for e..mple , one
chaple, deals with 'Cond ilion Moniloringof
Machi ne Tools' and anolher 'Co nd itio:>n
Monitoring in H}'draulie Syslems'. The,e
chaplers typically bogin with a discll" ion of
the necd foreondilion monitoring , a review
or available methods , a discuss ion o:>f
problem, particular 10 the plant concerned
and finaUya brier ea.. 'lUdy.

Inte"p"rsed Ihro ugholll Ihe book arc
ehaplersdevOled 10 lhe discussion o f various
condition mon; lo:>ring leclmiques such as

eccosrcseuenena

'Vibralion Moniloring' and 'Oil D<:bris
Monitoring' . These ehaple.. provide lhe
readerwilh valuable imroductions 10 1he..
lechniques and an underslanding of lhe
pen inem issues , Theehaptero:>n vibration
monitoring includesauscful lisling of the
Standards ,elaling 10 the vibration analysis
ofdilTerenlmach inery.

ThI>laterchapte" of the handOOokconcern
maintenance and maintenance management
syslems (of which eOndilion moniloring i.
j ~st one a,pect ). These et.aplers will be
u;efu l 10:>tllosc wishing 10 u~defSlanJ the
various maintenance stralegie, thai may Ile
emp lO)'ed suc h as 'Tolal I'rodu etive
Mainlenanee' , Re liab,loly Centred
Mainlenan ee' ele. The Handbook als"
include' a chap ter which gives brie f
deSCriplion, of palen IS relcvanl I"eondi lioo
moniloring and should make inleresting
gcneralfCaJ mgforengineers.The final
chapler lisls in e ~cess o f 600 selecte d
bibliogruphies organised into a number of
c.tego ries. The bibliograph ie ent,iesin ciude
joumal and con ference an icles, rep<:>rlsand
Ihese, and sho uld pr"" idea ... lnable
reSOurce to Ihose wishing to fun her Iheir
knowledge in a particu lar area. The
handbook includes a 15 page eJ itoriai indn ,
anad,'ertisers indexan d buyer s guide

The Handbook ofCondilion Moniloring is
r~mmcnJed 10 Ih()SC,,' i,h ing 10 rut ilter
theirbr" ad unders tandingofcond i' ion
mon iloring Icehniques a nd applicalions
wilhout necu~rily de lving deeply imo a
parlicularlopie . rca

Michurl lfarmp

Sound Tra nsmission T hrough
Buildings Using Stat ist ica l
Energy Analysis

RobcnCraik

Gower PuNi ' hing. / ~~6, pp 2M, hard COW"

ISHNO 566 0 757) 5. G<>wer. 41AlhmRd,

Avalon NSW 2/0 7 TeI02 9~/8 1315 Ftu

02 997J /213. Pri"r A$132

Thi, bouk pr""ide s a compr ehen.i ve
summary of the princ iple. of Slatislieal
Energy AMlysi" Whil' l lhe 'i,l e would
sugge'l thal lhebo,*oc applieablelO only
bllildings ii has a much broader appeaL Of
lhe eighl chapters, lhe firsl si' fCpre, ent a
lh" rough discussion of 'he general lheory
. nd applicalion of SEA 10 arbitrary
.I ruelurc•. It iS lhe lasll"ochaple rs whieh

focus on Ihe applica tion of SEA to
building,

Theoook bcgins wilh a simple pred iction of
••ingl e mono lith ic conilruelion and
compare. Ih. SEA formulalion 10:> Ihecl ..... "
formula for lhe transmission loss of an
elemenl installed between tw() reverberation
room•. This may seem an abrupl startbul
may comf"'l P""'ons unramiliar with SEA
byilluslral;nglhal b"aditionalmelhods h. , ..
Iheirrool' -'n ,or_ca ll-.bc lr.ccd. .lo, - Ihe
fundamen'a lconeeplof P'O"' ''balanee

Chapler 2 provide s a derailed discuss ion of
how 10 hreak Ihe syslem inlo a series o f
subsysle ms by considering modal enelllY,
slilTeners, anJ s izeofl hepo lenlial iys,em a.
well asde finin g . ubsyslems for the dilTerenl
wave lypes and frequency rang... A
diseu"ionoft he imercollocelionsbctwcen
subsyslems a nd the transmiss io:>n Iype. ;
resonanlandnon·re' o"an l,are a lsogiven
he'e. Perhaps lhe most enlighlening for
u><:I1;ofSEA p.ekal\c . is lhe discussion on
accuracy wltich conside .. the impael of
errors in Cl F's and lhe impaeto f inadequale
mooal overlap

The properties which defioc . subsy'l em are
glven ;n Chaple< 3 and ind uded iscu" ions
of w~vespeed, bend Ing s!ilTness, c rilical
fre4uency, energy, damping, mode s, and
mobilily. The rd alion. hip between Ihe
fundamenta l mate rial properties for a
homogeneo us plale a re Il>oughtfully
summari' ed in a lablc for easy refe, ence

Ae omplele ehapler isde"o tcd lo dc rivalion
anddi scu"ion of eoup ling loss f.el ors room
10 ",. tl,w . 1t10 room, eommon joinls(eross ,
ICC, co rner, inline, and eo:>luml1/plale for
simple bending waves) E~tens ive

re fereneesareg iven for ml)reeomp le~ j oi n lS

involving e lastic interJayers, boams, and
other wave lypeS, r articular allenlion is
paid lo:> pla<c radialion effici ency . nd lhe
effect of .o i,otrop~ which sho uld be
e,pcci.lly useful fo' pcoplcapplyingS EA to
fr. mcd buildings where e,'en Ihe finish
building malerial. , ,uc has gypsum hoard
and ply",ood, are ani. otropie

Ch. pte, 6 provides useful information On
nunlc ric. l lcehni4UC.to impro'" , pced and
accur acy whe~ solving the scI of
simult aneo us eq ualio n. defini ng Ihe
'Ub'~Slemene[gies. Also i"" luded i. a very
informali"e discussion of the bi• • error
associated with measuring lhc coupling 10"'
faelor belwct'n two connected subsystems
when Ihere are multiple palhsbe",,, en Ihe
lwo.u bsyslems

The laSI two ehaplers are devoted 10
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10 lho:coordi nalion Ius been a mammoth ta, k

The C~ l(;nl of the ..,,~cr.ge can be jtaugcd
fm m It>e li. le. for !he 18 r- ta and the
number ofthaplen in each ptrt : Qencql
lineal ACOU51ics ( 16), Non linear Acoustics
a nd Cavi la. ion fl O), AeroaCOu' liC and
A' mospheric Sound(7l. Undcrwa.elSound
(20 ), Uh", ""';e. Quan.wn Acow llca and
Ph)'ll cal Effccts(8), M.,,;hanical VibrahOlll
and Shock ( 14 ), S1I1islical Mcthod . ( l).
Noisc Effcc1Sand Comrol (I I ), ArehilCClllral
(9).Signol Processing (4). r hy. iolog;cal
( II), Psychnlogical (10). Speech
Commu nicati on (6), Music (10).
f1ioa<:ouslico (6). Animal (8) . Meaaoremcnu
I nd lfl$lr\lfnel\tation (4) , Tn.ns.dou rs (9)

Eacll of the chaptcn 'sland alonc· .. they
havcbttnwt'il1cnbylhff= nllulhon . Th i.
melns lhell' arc dilT_o. Olyln and mc1hods

fO'PfC "entalionoftl>emalt:n. 1. H"",~

.his i, wherc lhe experiencc of lhe Edi'Ol I I\d
his Board ca n cl.arly b~ seen in Ihe
eon.iSlef>Cy oftlle llyoolandl~qulli.yof

th. te• •, figurcs and lal>lc. and lt>e'nclul ion
of a lCference listfo luehe hapt.r.TIlcus..
of an Cfl(;yclopetli. can be.uulI\Cd w have
~.ry !inlcknowlcdge inlhe lopic and Ih<:rci.
nof.helJ'acelh.aI .~""""ldbcin l lcxl

book lO ..xplain all 1hef undamcnfal .fi.... In
lhc SCClionsthai I havc "ad .hca u.hoBhavc
cerla inly ~,wme .h i. plobl cm by
focussing on l!>eu scfllials. This /t1oCMllllla.
I opecill i.. in th.. a~ mayconsider.ha.
imporlllnl lhing.lI.ov. been l.tI oul bul i.
Iollould be ttm cml>ercd lhol an ,,"cytlopcdi l
is just a slarting pollll.lobcfollo"'edby
rcadi ng of apprupr i. telcx l books and
IIl icl... Ho"cver I did [indilsurpri. ingl hal
lbe ehapICf on,urfacc lran$porL11ion no LSC
included no informOli"" on the noi.., from
q ilwl ysand no doubl tbele ...""ld be , imil.,
inlpOMantnmi ..iOlll in 01hcr lOCCl ions

For lhe rcadn- ...kinl inf.,,-malion 00 a
panICulorlOpic ,l bc .hapl er bcad,n"prO'<idc
goodgllidancefor1he COVCl1lgC. lf 1hal is l'lOl
sulTlCienllhcn th~re; . a eomprehensi"" index
al thecndofvolumc fuur,

TIli. Encyc lopedia would he of immenS(
, aluc losludenl.cmMrkingonioludi.s in
aoousliC>. lo thoscolreadyworking inone
arca of DooIIslies and .. ish 10 know more
aboll. Ofhe. l reasand .o lho"" wholrej \i, t
seckcrsofk oowledge ,l"Mcost mayp .ec luoc
prn.onaIpurclll""bul it lhouklbcin .hc
rcfcrc", e co lleclion of lhe library o f cvcry
. duCl. ionl l . slabti.hm enl lhll has I ny
in,ol",men.wilh l nyupccI Of""ou51ics

., (..rl<ooI8u~

Mari<Jl18u'T'fSJ i' <f~o8I<Y~ a, 'k

~::,::~n De/c",'~ l'"olCe >4c"d ,,,,y in

The eone epl for tbi. magnirlcent four
~olu mc ..' was initiatod in lhe 1981lo. n.e
con.idcrable coordinat ion that wa. noen ....-y
10 bring i.lo f",i .ion was p.ovided by Ihe
Chief EdilOTMI!colmClocke, .u pported by

IIIeEditorial Boaru. I understand lhat it
Sl.ncd Oul as a "Handbooko f A.oustics" bul

Ihenl leW. l.isreally.colleetion of rcvicvos
articles la lhes than , convenlional
e""yclo ped,a.

!l isdividcd inlo eigllt<:cnma;n po" ,andl
membetof l~ EdilOrialBoaru""sin """,•
caseswrittcn Il>Cfi~lcllapler lo !lCfV(: .. an
introduelion 10 that pan . Eaoh chap.... has
l>ccnwriucn by<:Olltribu.ingau .hura andwu
l ubjc<:l to revicw by 04her . xpcns in lh. f1c1d
Thusthcrehasbcenlhe invnl""men lof lgO
con.ribu'ing aulllon andllmost SOOrevie'o'o'ClS

Encyclopedia of Acoustics

MakolmCrocker, Editor

Jolt" II"d".& Son. . 1997. 4 ,"""" ,,, •. lI onJ
rtlWr ISBN 0 471 8lU IU 7. >4,..l rul l" "
Di"" bulOt'.hKts", ,,d,, Wilry. PO s. .. JJJ6
MdlOll ou 4{J64 . rei 07 l1U9 91" . Nu 07
J85 9 P1I'.P" ceJ608.00

Noise Its Measu rem ent ,
Analysis. Rating and Control

J SAnderson & M Brain s- An de rso n

Avtry fu llf.i eol >4 <hgtli~ PuNi, !ri"g. / 99J.
PI' 4~4. I II.,.,Jc.-r. ISBN fJ J91 J97~4 8.
A...I", li" ,,{)U'ribulor: Gower. 4J AllJ.,rI/td.
A><Ilo" NSW JlfJ7 r, lfJ299182JJj 1'"...
fJJ997JIUJ, Pri,"~ASlU7j

Thi.boukil intended o, a tcx. fol ,t udenIS
•ludyingnuisc lndlheenginocring lOpccl.
of I~ouslics, euher in Universities or by
priva te . Iudy. II lias grown from nOI..
.._ ialed ...ilha five day m oM COlli"" for
worken in industry . The alltllora have
l11emptcd .0 bridge Ille gap bel""",n the
praclicll and1bcorcti<:alapproachca

p~ic.ion or d if~~. lind nal>1ing The ~ighl ch"pl~f$ ~O>'~ r: Prin~i plC$ of
tnn~iuion and ....ill cefUinly be o f 1l~1 Sound Propaga. io n; M~uuRmenl and
intcret l to exl"riellCed SEA u""~. l1>c: Analysi. of SowId; Soise Sales; Indices
~hapter on dir", 1 t,an. mi,.ion inclll d", and Rlu"I Procedure. ; Sool\d Insulll lOn
. uggfSted modd . for pr~diCl ing l irbornf I nd Sound Absorplion ; Room A~...... ica;
tran$l'li•• ion through duuble mawrvy walb Si le",~ra; Eor , nd Il~lti", Lo..; and "oi "
(...ith eon,id~ratioo to couplinl: belwt"'n lhe Soureel lden lificalion and Conlrol. 1" ..,, 11
Icavo::,in t~ form of cavily air .t ilT....... .~c t;on " ' . lhe ..plonotion•. rcl ~~anl

point eon"",tion. due .0muonry ties, line malhemalieal formulae. c1eor diagram.lIId
connr:ctiom du~ to ....indow and door frame. re f~ r~ne... ~'or more informalion, . ome
aa _II IS [Ollnda. ion .) , airbo rne do:l&il~d material i. included in Appel\dic• •
llansmiuion tlvough lined masorvy walt.. and t~re i.oa eomprch~nsive Glossary of
andalso lillhl\Velahlllmbc:rfram~ .... Il. TCI'1Il$ al\d Ind«. .

TIlt finaldlaplCfonnanl;jng l~i»ion F",- l ny booO.111.mpling 10 c""".uch a
proviok:awork.dcumpl. , ,.,lUchresull;n ....ide area ,here ar~ bound .o be """"
.impl~ .q ull ion, for the IOIIndrcdu«ion or Iim'lilliions wha. II ,"Ould o«mld~isabte.o

COmmon nanking patho belWC'Ctl adja«nl gi~~ ju.t I lillIe more informatio n, For
r""",-, . 1l>ere i. a di5Cu" ioo of predICting .umplc in the .or ly sectioo on end oswcs il
Icvcl differ. """ .in la'llcmodelsand the i"laledlhatidea.lly thcreshouldbeno
er ror o..ocial.d wil h . onsidering only I perture. bul no gllidane~ i$ given for
bcndingWinnansmi.. ,on . nclot ur•• wh. n lhere i$ I need 10 gel

l1>c: book draw,on Prof.""" Craik·s fifl""n Olaterial inlOand produet ouloflnencl"""c
yeus of SEA c.peri ..... and pr. sents it in a l round I machin•. One problem Wilh Ihe u""
....11 olpnil ed , nd conciS( manner. II of thcboo k in Australiais thall hc discuu ion
pf'O"ldcs llIcory I I . level ...hich .-ou ld make on erik ria li e based 00 UK I nd Eu.opean
il an idell graduate level 1'~Ibnnk. bul lcJi,!a.lion

unlike . 1 lhook, il. pr"" ides numc. ou. Ovc:rall lIus book oeems IOhavc ""hievcd its
practical mpl.. making ila\-eryuseful aim and ilwoul d be a useful tcxl f",srudonts
tool for SEA pl3Cluioncn . TIl. book Ilso l1Ie " yk ofprc,scnla'ior!mlknit.u ylO ....
pll)Vid~'a un iqueopponunilylo lcarnof lhe by the otudcni llooyi ng aim", and for tM
powcr.nd IimiLalions nfSEA lhl toreoflen . prac tic ilionCl wi. hing 10 chock up on

~~~n~~k:;:;·~n-:~.'~~:i~g~~7smh~~t~:: concepts

ftt ommcndcd for both It>eeXl" rie",ed SEA
Il$CT and pcrao.... wi!lll.ini 10 learn more
aboul lhetc<:hnique

r,""""""'gMi,,g<J~

r"""'r Nig!rllllgak .... ,...Mrdtof!iu' ..,
Iht '01Slilur~ for /tu M,d 'ItC" ....,tlfCli<mf1/
1M Noli""'" RtJto tr:hC" ultcil eu lttJd... 11..
"''''It inl'YJ'"h"s~,,, 'ht""<lS u"""'~ltlu,,J

prtdiCli"" "I fl",,~i"g ." und i."I"li "" i"
wootIf",,,,~ ,",,nSltu,"' io,,.
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Sound Intensity - Znd Ed
Frank Fahy

s s FNSpo~. /W',pp 19' ,Sollcowr. /SBN
041919810 ,. AII" OU"ibJ,'or:11o""'1U
Nelst," 101 Dodd SI. S"",~ Melb<>"''' e
J10' , Tel OJ 9M , 4111 F,tr OJ 9M' 4199
Prl<"t AS69,9$

Thi, book i" he I""ond cditi"n of the book
fint publi,hed in 19119 and rcviewcd in
Acou" icI Aul tr, li, 18, I, 1990, SinCelhen,
lhe soo<><l int.n l ity technique hasscen rapid
dew:lopm.nl l , nd fid d applications. Th.
IEC It, ndard 1043 InJ" """mu 10' I~e

IJIeal'ull"",e"l "I sound inw",. ,y " '15

publi. h.c:d in 1993 . ISO 9614 on Ihe
[)e'" ",iltOl'OII of '''''ltd po.... , lewis 01
SOItTUS Its'ng ,ou"d i"leltJily r. n I
MelUuIl"Itlr ,,' '" dl,arl r PO'"'' h rt 2
Mea>u,..."', nt by sClJ""ing have . I...,O>dybc .n
publi5!led. The draft of p..' 3 of ISO 9614
P,rdsion ",rtho d I,,' "' ,as""'",,"1 by
scan"'"g i. curr. nlly bcing conside' ed
More and more porlabte oommercial sound
inlensity mc..uring ' yllem . ha"C become
.....a ilal>l• •l lowMcosl s ..ilieh,couplcdw ilh
the adv. ntage Or the l ound inl.n , ity
~hniq""'''''CfCOlWl:nhonal""""dpre.....",
rneasu.inr in. IrUmenll lion, are making
$ound intcn li ty menu.emen', more
am..cli"Cforfidd application$.

[( i$, lh.c:refore, limely a<><l approp" a'. to
have an updaled edilion of the onty
monograph on ,he theory and measu", menl
or sound inlenl ity, The aulhot him~cl f is 'h.

pion"".inlhefieidandunlilrecenlly h..
been chairing the ISOfTC43/SC lrworking

?=~'tO dC\'C IOP lh....und Pow<:r

Tbcbook ha> _ b<'cnre orpnlscd inlo
eleven chaplCf$i T\$lc. dof ninc in lhe firu
cdil ion. lb<fimfourchaple"C~r l h.

hino !)' and dc"Clopmenl of $Ound inlensily
measuremenl. ,the n.11ur.oflound .r><l ,he
behaviour of sound wlv ...., the /low of
encrgy in~und ricl""and .hl: oJcl i"'lioROf

COmpleA inlcn, ily. Tltc:oriKinal seclions on
lra", ientinlcn.ily, inll .nlanc ou.in'.nsi,y
and comple" in1elUity ha\'Cbe.., e"pande-d
con. ide:rably. Thc plinciplclor measuri"i
$oond in1en.it y and .he i. prac. ieal
implcmcntalion witllha .dwllC .n:de"",'bcd
in Chopl,,",.r><l 6. Theerl'Of'llinsourtd
'nlell$ily me... urcmcnu . ndl l><lignifica<>ce
of ~und field indic. IO" are Irealcd in
Chapl." 7 and 8. Cll:Iplen; 9 and LO arc
<!e\lOlcd lOVar ioulapplicalionl uf""und
inlen. ity measu",men" from lhe
delenni naliOfloh oU-lltl puwt" lo lhcl oc. tion
of noisc $Oureeandmenurcmcnlo facou'lic
propernes or materi. h . Sun,mari", Oflh.c
le y cornpoocnu in ISO 96 14-1 and 2 arc

al$O included here. The mea'u remenl of
sound inten.ity in now duel. formerly
eO>"tn:d inChapler 9ha<bttnrdaincd in
Ch")llcr l la nd. cmaiT\$. ....rydl!Tieull .opic
wllich i. IIIII "Crym... hbei ng l........ ehcd, A
liSl Ori nu''''i'y .... ndatW isincllMlcd inlh.c
Appendi• . The number of n:ferencn h..
bttn e"pandcd from 148 in Ibe f,rst cdlhon
10 1116in lhise dilion

The b..ie ingredienls for,he lUceen (ul
appliealion of lhe sound in.ensily tcchnio.ue
wer.C<Nered,'ery well inlh efi"l edilion
The revision. m. de in lhi. >ee.....J oJltion
ha,. prO'o'idcd ;mplO\lcmeni. on 11><
lIlldc.. tanding orthesourwlin-' ''''ly r.. ld n
.....n.. lh<:n:«nlly publi.hcdISOOl lMIdard.
h ell1 be noticed from .... fC\·llIOllImI<lelO
!he finl edililKl lhal the aound irolcn$lly
le<:hniq.>c ha. now marured Th<acudlcnl
book i• • n nti. I "'fercncc r"'lr1)'O ....
(beiinne'or pcn)whom'"d, lO m.I~c lOUnd

inlen.u y mea'UTcmcnU. It II certa inly 3

wunh...hilepurchiI>CforcngiT\OCll""p/ly.i..
Iibrarin

Enginl'er ing S oise Conlrol :
Theory and Practice Znd Ed

Da...id A. Bies and Co lin H. Hansen

E 8< FN Spon, 1995, pp 640, Son cewe"
ISBN 0 4L9 20430 X, Au,l Oi,m bul""
Thorn.. Nelson L02 O<>dd Sl. Suulh
Melbournc 3205, TcI 03 % 1I5 411I Fu 03
968'4199P liccA S69.95

Thi. book illhe occond cdilion of the book
firll publiohcd in 1988 and rcvi.......d in
Acouotiel AUllral ia 17, 3, 1989. T1>c
rmlerial CO\'Cred in the (i"l edilion has b«n
' ub>!anlially ",viK d wilh lhe addilion or
.., me 200 p. gn

AI.t>ou,h lhc book (Ollow. lhe>ame lty lc . ,
lhc ri.. l edil ion, lh<:.. i. now a Ii .r of
lea,ning ohjccli"e$Lnlhc l>oginning or eaeh
chaple' 10 md,eate \llha, i, 10 be aehic..d
The book i.dividcd inlo l3 ehaplc"
eomparedwi lh 12 in the forme'edilioo, lhe
llCwehaptcrg ivingabriefintroduc'ion to lhc
has'u of . elive noilCc onlrol.h ilpcnincnl
10 ,nclude lhil1>CW ehapler eons,dmnilhe
subslanli. 1 . . .... ...,h . nd dnclopmenl
undert.lken ill ' hi$ rapidly &r(lWing r-. ld in
the p.ill decadc

Chapter I dealswilhlhe b."ctenninolon
and fundamenlall o f Ihe W""C equalion
i l~ luding pl,rIC and . phencal "" ....::, . The
an..lomy or the ea, and il. 'C>p<>n,~ 10 sound
are d iocu» ed in ehaple, 2, The ba>ic
inSlromenl"ion for noisc mea.u rcmem.
from lOund l.....cl10 sound inlen, ily mcle.. i.
inlroduccdin ehapler3 . Thi,islhenfoll"""'d

by . dise.... ion<lf, ..iou.crileri.forh<:..ring
domage, .peec hi nle, fcICnCC,room aooU.<ti..
and env;lOnmcn l. 1llOiscinckapl er 4

lb< characlc" ' l;ea of .·.ri oul lypes of sound
sourees. lloe delerrn inarion of lhc .., und
powcro r.sour><lsour<:e, ....~&aliono(

aound OUI<loon and In c<>cLo.cd ",a c.. are
c~red;neh"p1e.. S,6ar><l1. Noisc conlrol
dcvices such as enclosures. barriers and
muffietlarelrcated in chaplc.. 8 and 9, No
lre.IIT\~"T\1 ofno i,. c<lnl.ol tcehniqucs \\/ODld
be eomplele wilhout including ...ibralion
con'rol",hich i' lhe .ubj celofchap'er IO
Procedure, prlma.i ly ha", d OIl empirical
fonnula areintroduccdln chaple, l lfor
c,lim • •ini lhe noi.., rad .. led by .orne
mechanical andclccuul C<juipment.uch ..
fall$, comp<e»o.... pump"clecuic. 1molo,,"
ar><l generators

Altlloughchaple.. l to II rcl. in mo. lo f lhe
hcadingsoflhefi rit edilion. lhey ha...e been
.uh. lanli.lly rcvi""dlo illd udc ncw "",l cri. 1
Ch. pler 12 is the new chapte. on acli...e rooise
control. Chapter 13 il retained from the
original ehaprer I2",'hich i.usenti. lly.
brief SllJ>'<yof m. 1hcmalicallechmo.uesfor
prediction. Considering lhe llrowinll usc of
compoler predlc, ion procedurn. it i• • bil

' surprising lhal chaplc:r l l hu nol btt n
n:viscdlo includce'llnll'l",thatilluSlrale lhc
u><: o r lhe>enumc"caL "'clho<!:iloc"ha",,c
elT""l;ve noiscco mrol

Thcr".re inlerC'I;R~pruhl.m , (orehaplcr; I
10 10wh ich are go<>d e. ercises (or sludenl>
A new appendi" F on 'l"'cl ,"1 an. ly. i, is
included. In addllion. o "" e. 300 rcfercncc>,
there is . 1.., . list of AUSlral;"n, Americ..n
and lnl. m., ional acouSliu l5fandardl;.ltbe
endu f lhe bool<.

The book is ..-crywcll wriUenand lhe aulh.....
have lrellC'<! each lopic \IIuh care . Thi ,
second cd,'ion ha, Impr",'cd sigmficamly
Ihc . lrc. dy e"ccllenl qualily of lhe o" llinal
wurk.ll.v'ng.dopted lhi, bookf u,t<:•• hing
.~ouslic no,.., .i ncc 1 9 ~9, I ha...e found it
"c ry .u itable for undefi radult c and
po5fgradu. tecour.., .. ., .k Thill! an
UCellenl book .....tuch lh"hlyrcc ommend lo
"udcnls , Allhough .he book i. nor •
Iu.n<.Ibook, l ha>'Croodoubl lhal profe» ionab
would.I$O find il e.tr emely ", eful, E"Cn in
l'me. of l lnn genl libraryb udg. I. , thi. is ollC
of lhc few books thal eni ineenng lib.. "es
ca" m alford to m" .

Juu pn i ai

J.m·pn UI ' ii' <InA.. "dm., Pn4~.. " r in Ih.
S.n<J<>/ <>1 A..,u .po . .. ..nJ M~rn"ni<'fI'

E"gi,,~..ring <lllhr Uni' -"Nlly CuJl'l:~ "11~r

A"., ,,, liun Drl..".·.. Fa"' r .4caJrnry I"
Ca""" ' ",
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INT ERNATI Ol" AL CONGRESS 0 :":SOUND AN D V I8 RAT IOl\"
AND 1997 AAS CO=,"FEREl'"CE

Thc5 lh l"'ematioIll I C""Il••• • "" SO"nd ... d V'b..."onlObeheldonDecembe.1 5.18. 1997 .. Tbe U"i~.. iIy of Adelaide. South A".,... li. i.the
' lh in . ""' ''' ",lucll bepn at Auburn Uni_ .. ,y. USA in 1990. The 5lh """""'... il sponlOl'edby The In'. malJonall nslltul. of ACQUlltcs and
V,b"'ion, The Auslnh ... Acoo.mical Soci.ty. lb . Un""' '';Iy of Ad. laid. and V;pac Enll;""" and Sci.n ' i."

Th. Uni~.. ity of Ad.l .id. i. loca,.d close 10 ,h• •n'onainm. n' <;enlf<of . city ", i' h O\'f ' 0fI0million peopl•. Adel.i d. i. well known r", nolack
of ....m~ j. ms, c1.anline .. . nd clean . .. as well .. for palks and llorden, . 1"'"' t><.<h.. . nd ... lu••1wildlif. pu h . Th. ", p niSinll <om,nin«.oo
TheUni~"ily of Adel.ide would like 10 e~l... d I wlrm welcome .o aUdcl.aa1C1

AlI JlI'evi"""conll", ssc. in 'h...ri• • h.""be.n~.'Y fllCCCMfuland "';'li ove' 400 .hm.,," al.. ady . o..p'«!, 'ho S lh C<>ngte., IQOkl "' IO~

p~ioo. an""danc. rec-0TIl•. The S'h COO81Wil h.inl held jointly with ,he A""' rah. n .0.00"'''0. 1 Society 1997 Ann... 1 Conf••• nco hoi';n,
'~hIlio.1 and lOCi. 1programs ha~. b«>t planned f", delepl .' as well .. uni,,~ P"' &lid P'>"cong.... tUll...nd .cco mp.anying persoM ..1i,iI;.,

Tbe ltChni<:.lprog.. mir>cludes ...... ndi ll jnl "iwdk.)'1IOICplenal)' ad<I.....l.. n"ml>er o( spe<;i.li st kc)-nol. ~,in ~iallY<q&ni!Cd

.....ion.and ........ two-hUll."" oriaI. on . \lften' '''''is:s in arou .. ieslnd~ibn'i''" f,,,,,, .m ,ncn' ,n" 'lII ltOIllI• •pcrts

Tllcpl ......-ydlsdn l 'll .bc4 kcyro. c• • dd....... . n : n a _ ula t.r1 . ll opka.n :
AC."""Yo/.Itod<_....d)~ SII Jamel lipm.ill. li K Acn· "'I><u'i<Ht trM'roIChnIFuller(USAI
IId~er_-m:u lfanno HclI.. , Germany Ae'i ""' 1tOI Osman Tokhi (UKj
~«"" deYeky>.... ~1i .. ..--;nc. Malcolm Crock... USA 0,...,,,,",, <J/ bro-<",p.or,1)'>1' '''' v.I. B. bitsky (UKj
r jbrdlt"" '''PP'Ys#o. IA_ , ••_ n d4"'piftl D.n lnm , USA FiHre h","w, ,. ";~",'i,,~ 'tSll T..,y SChanon (USA)
,01<1;.... "'. "'" <J/.~Iy """"~Ird lO~,.J ebri. Full USA 5-"" ,ft'eN'''' M. lcolm C."" ker(USA j
Dfli/o! II.IIIy,i.tecAftiqu•• /", boa"ft,< ,,"" ,.-a,. Bob Randall, Au" .. I" S'u""ir.l ~ft,·,¥v.""ly." !'aul B",,,, ,,•• (USAjand Ken H.ron (liK )
If"" 'ng P""'CWF ' Sami. (krges. Bra.il 1r" ....I.. 'r<lftljiJ,,,,, D. "d Ne....l. nd (UK)

In for ma t.on hllpj""w .....ic"S.on,n. 1
e.mail: icavS@mecheng,. dd . id•.edu.•u fAX:+6 18 8303 4361 TEL: ~ 6 1 8 8303 $4/>0

I~eaeu;.: .J
Membershl p Gra ding
I wish 10 wmm.nlon $e\lC....I ... peclfof Kcn
Cook'• • nl ele . (vol 2S M ,I April 97). on
AAS Membership Gradinl

The whol. th"",1 of lhe articl. is di. turbing
to m•. Th••ppro. ch sccm s 'o m• •obeh"""
to keep people OUI. My conccp l would be
hOUI IO encourage peopl. in, Simp lify the
fyst<m, OOlllIi& ·lu;dclin•• •ath• • lhan ", I• •
T. ke a ,ealistic .n d open approach 10
individualapplica,iQf\f

The c:onccpl !hat dim: ton of companies
opend. 1llhci.limc on .dm ini. lfalion and no
ci"", "",. kin, ""acousIicl i. inco",ill.'"
with my twal ly )'Cars npcricnu in Ih.
lCOU.licalconsulling indul1l)'.Thed llutor.
On. n dOnlOreI COl1Slie wor':lhanlhei• •tafT,

S-e\,em ...: II UlowttI.ad ... in ae" ",,'i cal
.o ns"lt....y in Sydney WOIlld not IIO\lI be
elil ib(e for membe.<ltip "nde, Ihi. , cl ime
Th. ir conlribulil,)1\ .o ,h.indu. tryha. bc. n
~. Iuab(e

Tho need 10 submil . umples of wort. don.
r.'M. than tlke thc word O{I Vflifi.ri••lsc
ofcorw:ctn. This indical•• ,hal 1M opinion of
nil1ing memberswho _ ify the work of
po1CNial membcn i. \Indtt queslion . The
""iniono(~1han_~fi.. could
~.littitally be ~ui~

Ut us nOl gCl in,o the loop o f WII O

9O-1/oI ,25(1 997) No.2

CIIECKS THE CHlCKER~

. Z;~:" Jge. BSc M.~ppSc MIEA... , CPE ng

Rtp l)' on :\1emb e.-ship Gr ad ing
lbcfollowinllconstituICS·ltJllyI O·Le! lcrs
10 Edilo. " sllbmilled by Paul Bridge
conttrningthcartid.by Ken Cook on "AAS
Mcmbonh ip Grad ing' in Volum. 2' ( 1997).
No. 1.3 1·)2

l ", pty lo l"" I. " • • by Pa lll R,id~who nude

comments on my article "AAS Memb. ,. hip
O,adinll' (V,,12' No,1 ( 1997).3 1. )2 ), Paul.
we'lC nO"l)'in&cokeep pcopl.frornjo ininll
,IIcS""i .' y. To help )'Oui n particlllu . and
.....mbers in g. nc.. 1 l'd likelO • • plain lOme
Of,MhiSlOl)'o ftbcgradln,ofapplieal",...

Ani<:I.aofA..".,ia' ion" 102 ) deal wi,h
membe.sh ip of the Soc it1y, Al lb. 30th
Meeting of Council on 26 February. 1983
GuidclintS for adminion and , .ading o(
members "'elC .".b lish.d, . nd Ihei.
gllid. linci.Ppc"cd in lhe Bull.'in oflilc
Ausl.alian Acouslic.1 Sociely .t Vol 11(1).
1983,28-30 , In June 1989 Idmin,s'.al i~e

procedures for mcmbership (Admin ion of
new m~mbcrs) ..... .. e, ta bli, h. d, On
e, t. hli. hmen' of Counoil Stand ing
Commi' ''' on M. mbe.. hlp. •pplication, fo.
memb.,.hip h a~. been dealt w;lh in
accordancc with the publishcd ·G al..•. The
uill.ncc of thc Artick • •eqlli.. . = ptar>c.
or 'rulcs',~ prcc ludc Paul'llllCrnlti"eor

"gllidcline.".,.,admi»ionofmcmbct..

Council CSlabliahc<l Ihe aboM , ,,ioleli,,,,,,.
and CSCM is bound 10 follow Ibi.proccdurc
lln!eos iMl..... lcd by Counci l 10 do olhorwisc

M. mbe,. mindcdthalmembc.. of lhc
Soc:i"y a..,rcp n'cd onCounClI,llt ,oullh
lllcir di, ;. ional cornmill"" , . Councillors arc
lherc-rorcpcoplewbo bring lo n<>l ice m, "cn
.. ·hil:h ha~. been of .onc.m to rncmbc ..

FtII1hcr. membea ha"" thc:' Ulhority lOu usc
a chance;n the Artic l" of AO$OCiat ion ~ia.

C"uneil meehngan<! a p~lly eons,illllCd

M ~.li.C "f M.m bcn . To my knowledg•• no
chang. 10 the Article . wilh ...peet to ,h.
grading of applican'shasbccn pll' forv.'lrd.

I turn now 10 the opplic. ll"n form for
admiss ion 10 the SocIety .n d 10 the
M.m bcn;hip lnformalion lc. n. l. l fi' OIly d••w
panicul.. allenlion to thc """ti",, "rro fcMionaJ
and technical npcrien<:. ". One column i•
I. belled ' Propof\ ion of . ime .pcnl in
acous,ic.". an<! me.ns for .he I ,adc o f
Mcmbc. ,he propomon ,pcnl C"lt~lled in
aco""icl alaprof.ssionallcvel.ln lltislCpfd
il docs nol """,&"iscac crcd,.. ,;""(or .", '; lica
.urll •• ""m",,,I,, 'ion . $01• • or non·
profcssiolll i "'t>t~ tn ICOtIi\ic. , In eJT<>;I. for
proporlionsl. .. than lOOpc,ccnl,i,wlli
rcquire an . pplicant10 opcndmo.e limcma
ficld unlil tl-.:ci Tm ivcpcriodo( 2)'C afJi.
fulfilled

n.c appliealion fo.m clearly indioates Iho
nced.for "Applicanl,fo, thoG.aJcof Membe.
0. A..oci"e~ t" "incl ud. det.ils of
'm'ol"" nl inacoltstical;upec.....g. in
d.sign lysi.,d""' in'.spttifical ion.
",port, papcrs~. People . rc reminded !hal
Council Standing Comm' llce comprilei 3
people. Addttionally. in ""'; ( ,ca' ion o( the
ttandan.!o (""'"'deta,ll.llt.opinionofpeopl.
oulSitlotl-.:C ommi ,,« hasbecn lOUgl"

ACOUSliCsAUSt ,al ,a



I~... I
LA RSON DAVI S
Soundl._l"lrl~r

TM l..a/'IiOfl DlM. ~§.I" •• 1N1y1DOdml
;mp l(m<11latiOflO(lhocl.sai .oour>d Itv<:lm"'e•.

....i l~ 1/1 and 1/3 """"" r,lters 1'1<1 tt.1 ti....
<Xla>'eband analy. is (uoctwn l.The'14pr""';d• •
l numberof SUtt ·of-lnc-l rt f•• ""e '$U(n lldllll l
l'..kd., «t<" l and vern tilr daa !O>jlll in,
u r..tJihli.. UIIOq... lo lhe LarsonO..i. ranllOof
ba rwl 1leld JOUnd 1.,d """cra.Th i. type I
pm:i.ion inlC'p'al"" S<>1II>d lewlrnetotha.
<lynamoc mlse up 10 I IOdB Themultj.wl< in&
JIfO<"-"""li ......... measur• ...tUlSl'l>edata
<ln bev~ transf.rrN or print.d, Tbc81..
.. jlhilsmul';pl.insIN".."'func'""' conb<......J
u l,u"l'le llOundltvt'lmelcr,.' . k'llllmllklUlld
lovc l ......,,,,. .. . """, ,,,,band lnll JyKf.

~·~"h•• Informarin" : ViP<'" Engl n• • " oJ:
Sclrn llm LId, )7 j NorMa"by Roo". !'v"
MrU>ouNO, VlenOl, T,I:OJ 1'6179 700, FlU
OJ 964M}7 0

8R UEL & KJAER
Sll u l Cond ltioninll Ampliflc"
Btue l .It ](j _ tw incro<b:cd P;EXUS. • _

_ ,.ol f"",chamel condi6onms omplirwn

NEXUS olfm l dyrwnic rangc of up lO12OdIl,
ad•• nced owr lood &' 0.1;00 fl.i li,i•• and
transducer 1"". Thll provido1lh< f1.,ibili 'y 10
mal:;.dlff...... m< nts~r lllo.ignal

.~~lIIoi ""'. An ••~ vcorrayor
bui~.infill<fSmol.•• ~_ylO r'"' "" lho.i~nal

of llllm'$l. Thr~EXUS ran&.aninl.l'f..,. \O"l1h

f ,vcmal1l l)pOS of tran$dlM:on.micrnphonn, .

..-l ilrtl.ntj,y"' • . C"-", acu Ien>motm Of

..,m~ .I«orCll'lO:s and fort. 1nnOducm.

T!Iooondm<HI,n, chaMOI. n n bern iIOdand pu'
in th. oam. NEXUS4 d W1I\C1unit Thi>mcaJU
• model can be l.Oiloml lo . ""sto", .. \ .".~i fic

requ iIemcnt " . , . • Iria.i .l acc.I<'!'Olt>eI.. plu• •
rnicR;>phorl<andp,..mplif'ocr,

Fwn~CT /nfonrt"rwn: 1Jn;'" dO K.ja~~ 14 TopM
RJ.To""')'Jf,II<. N$W ) OU . rol ll100 1101l1j }.
Fu :01 H O]J ' 9

RION
SO" ndL.c. ... /lh t. r
A ........Rion sound 1...1m<1.. is _ .. ..,lal>lc
ThrNA·27 'SIpm: ision,inl<&""in,,~ 1

"""nd 1....1 nl."'t WLlh full and third ""la ve
m.....rem.n' C.pacily in 1'..1 lime. This now

:.~~::~:~,~~:~;~';';;=~:~
fricodly withmo n function. Ming a<c....ed by
' hc . impl·Ift.. in,ofclcarlyid.." ificd f_ bon
k<y1, 0wI1 me••u~menl ..-ith d,O'.r. , '
lffilum<y and ' imc _ 'cht '''Il _ ,np · . II ",
tulllme · .. . ful orn or .... _NA-27.R IOCl
ho$ ind udotlinfrs .rcdCOlMtWtot.. ;on f'O". b

~~,un:;a~'<m::~mo:;~OI1:;dl.SI d. , .

Funn ., fn/ ontlau on: Acowli c R.. cu",n
1.41>0....' 0' 1 rt f: O} 'UIU (Ut()() , FlU : oJ
'U8# O§IU )_, focal t>m""" o{A IlL.

PYROT EK SOU:'<lDGUARO
Pipeud DIIC1L'Uing
A .yst.m .mployin, llIc usc or PY.01.k
Soundl·U../4S2S .. rappcd"'. , .... p;pc, .nd
on. I. ycr of plulerboard will ..ti. ry th.

=i~:::'u~ moll building own. ". . nd il

Soundl·uTMh.. been lested by the NAL in
.0n,J i l i~n. .. bich , imula'e buildIng pipe noi",
.n dohow l lb. l lhi•• y. lem ;s equal lo. oo bene,
than, tbttt layen ofpLosterboard """ """' o f
thcmeUUf'edhqwenciu.Sow>dI·U............. .
"" _II I>«.u," it combin., con,i derabl.
fk " blcrna .. on.n ablorpt~f""... in... ' .l ion
h " ...,ly and ec"""m ically in' lI l1ed, The fo,l
fa<inll Pl"" idea . Hfo~r ..ro"f"l'. fl l'na and "' .
f,nalinst.lIl1' <HI looklandsoundsf'"r clu l
On dU<1 """" . SowM/laU 4312 dramal;.. I1~

i"" ,. asc. th.cffe<'i""" c.. ofouo darddIKIlinin&
in rcducinabreakout noi.. fro"' f.... . ndpl.m
room cq uipmrn l. ln lhc roo r. of bu'ld' ng u tklc,
n ,ghl pollu . itp.......,,"transrniuionthmuahlhc
duc:1.ol '''' fl fI "",ilC fIII5l thc in<lldled cc,h.l11
tw''''"",wlal_

F,,"/trrl,y;,"""' i<#!· Py>w.. brulldrt:.u'.....'"
A•.,-'....J.. "" rrl: O} 96J l lJ JJ Ftu : 01 911%
nJ/ ~........r@py_ ... _,I<C.""'"

Acoustic Analysis And Test Data Processing
Products

C<.>mpumod off..... oomprehen.i .e line of prod ucts for acou,h , and
vi bration te, hng and analysi . , pmvKI,n, .n integrated IIpprNCb 10
noi....tnlctll ral vibf"lltion andacou.ticstudies .

Produ<:u ind udc:
SYSfW IS£
Co mpre hen $ive si lOOla u<.>ll rorinlanal &utema!acoust""
ro mbinod ....i\h . uu""'... dyn.mi cuci tahuns.
RAYNOISE
Geum. " ic ecousuc analy.i $wilh opplicatio n, in room
lll:OU, ti" . induslna l and environmcntai llOi.e conlTol
MSCINASTRA N
Coupled nui d-Sllucture. noi5e,.ibrntion + dynantic "' .pon ••
ABAQVS
Acou .uc linit e elemcnt, & p<croelectri. .... tenal •.
LM S CADA .X
Intcgratcd ooise and '<ibr. lion test and .....ysi. labo ratol')'.

Services
Com pumod offen .~t.n.i"" ' ons olhnl .......iees roe1l:000StiCand
vibeation 5Uldid . Coupled Wltll many ye&a Ptnite EI. ment Analysi l
upcricnc. ~pro\'ide.cump~ben.i veappro.. :htode.ign.analy.is
andICSling including inteUigenldat''''lui.ilio nhanlware

More Information
lf yo~ would lik. more infornla liOIl. contact ou, Sydn ey, Melbou rne
or Brisba... office. oe vi.it blt p ://.......c:ompu mod .ro m.a u

AcOV$hC$ AU$I. a lia

COMPUMOD
COMPUTER MODELLING IN ENGINEERING

$y<lro.... "' .. 000.....p"... ,(~ m3 257? Pt>on. : (031 ~2 0333

Fl' (~9283258S F.", (031ge420330

'_ MP't,,,...,,, (07)32 43 837&
Fax: 107)_ 9$ 1)1
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NAnOMAlMAnERS DIVlSIONALMAn ER$ W· ...IlIl Pd Dl.IIl." W · Vletoria DIrisI••
' Nol l tql"", o!~e ol_tSS
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PULSEfeatures simultaneous FFT, CPB
(octave) , Order Tracking and Overall
Analysis. The Report Organiser makes

ge tting star led very eas y and provides

todcy's breed of busyengineers withfast,
comprehensive results. $0 don't miss
a beal. Conlact us for your free CD

and booklettoday.

Call 1800 802 852


