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At the 715t Co unci l med mg In

Canberra, I had the honour of being
electcd President of the Socie ty for )":'t
an(){her year. I took over from Gooff
Barnes who, a fter ma ny yean as •
Co uncilor and as National Tre.l5Urer,
brough t his wealth of exper ience to the
task of Pre siden t. On behalf of all
Society members ,lwould hketo than k
Geoff fer the excellent work he has per
for med over the past two years ll$

President.

A number of members have corn
mented abou t the relatively large amc ur n
of funds that the Socicty now posscsscs.
(Th is buffer is one reason that Council
has been able to hold mcm bel"llhip sub
scriptions at their curren t level for the
past three years.] Many members may
not realize that the major ity of the
money is held by tbe state divisio ns and
is used to run their technical meeti ng~,

conference s and other functions. The
national body levies the states to obtain
the funds to run the general sec retaria t

President:

Treasurer:

III
NewSouth Wales

David Eager

Ken Mikl

and 10 pay subsaiptions to nationa l Illd
internat ional bodies, such as FASTS and
ICA, A limited amount is also provided
to help part ially def ray the costs
involved by me mbers atte nding, on
behalf of the Soc iety,inlerstate stan
dards meet ings and some intern ational
acoustics board meet ings. In add ition,
thc Sociely has boosted tbe profi le of
acous licsin Australia by providin g sup
por t fot impo rtant international
acousli cs meetings such as ICBEN in
Sydney and Wespac8 to be run in
Melboum c duri ng April,2003.

Recently, Cou ncil has been alerted to
the need in Australian educational insti
tutions for funds to assist in the teaching
and promotion of aco ustics. As a result,
it new education initiative has been
launched. Elsewhere in this issue an
advertise ment asks interested parties in
educatiorull establish ments to apply for
funds to assist them to (i) obtain a piece
ofe<;juipmenl necessary for some teach
ing or research prog ram involv ing

acoustie sor {ii)providea'iChoIiII1Ihip in
an area involving acous tics . At th is stage

the grant has been limited to a max imum
of S5,OOO, as COWICi l is uncertain abou t

the demand and bow to equitably dis
trihuteany grants nationwide. While it is

partofourcharter topromoteaoousticli
education. Council mcst ensure that any

liuch projects do not become a major
burdcn on Society funds in the futU1C
Grants will be awa rded to the best writ

ten proposa l(s) n:ccived by thedos

ing date at the end of June. Successfu l
applicanls will be announced al the end
of2002 , probably at our next Natinnal

Co nferenc e in Ad ela ide. Counci l is
excited aboet the pntential of this new
vemute and seeks respo nses from mcm

bers in the fonn of app lications or as
cnmmentsdirect ly to Council oTthruullh

Acoustics Australia .
Charlt>s V.",

DavidWalkins

Gillian Adams
II
David Walkins

1\I·
Western Australia
II

iTien Saw

TerryMcMinn
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VIBRATO IN MUSIC
Neville H. Fletcher
Research School of Physical Sciences and Engineering
Australian National University, Canberra 0200

1. INTRODUCTION
Transients have an important place in determining the
subjectivcqualitiesofmusicalsounds. Most important arc the
attack and decay transients, without which most sounds lose
their individuality-a recording ofa piano played backwards
sounds like some sort of organ - and these have received
considerable attention in the literature. Within a nominally
steady musical sound, however, the performer may insert a
periodic modulation of some kind with a frequency typically of
around 5Hz that is called vibrato. Not all instruments or
performances use vibrato, but those that do not, such as pipe
organs (mostly by necessity), Renaissance viols (again by
necessity),andclassicalorchestralclarinets(bytradition),gain
individuality by this very lack.

Vibrato is inmanycasesproducedbya conscious physical
manipulation, such as the regular oscillation of the left hand of
a violinist where it stops the string against the fingerboard, but
in some situations, such as elderly singers, the vibrato seems to
arise naturally through oscillation of abdominal and laryngeal
muscles and to be largely uncontrolled. More skilled musicians
are able to vary the amplitude, and to some extent the
frequency, of the vibrato and do this for musical purpose as the
notes of the melody develop. In most cases, however, the
frequency is in the range 5 to 8Hz, and it is perhaps significant
that this is the typical frequency range of muscular tremors in
neurological disorders such as Parkinson's disease and not too
far from the resting alpha rhythm of the human brain. This
suggests that both the generation andthcperception of vibrato
are closely related to innate human physiological and
psychological characteristics. A classic discussion of
psychological aspects has been given by Seashore [I].

It is not the purpose of this paper to investigate these subtle
matters, but rather to examine the phenomenon of vibrato from
apurclyphysicalandmathcmaticalviewpoint.lnthecourseof
thisstudyacarefuldistinction(acousticalratherthanmusicaI)
willbemadebetweenvariou.~typesofvibrato,thoughitisnot

certain that these can be clearly related to rather vague musical
distinctions such as that between 'vibrato' and 'tremolo'. The
term 'vibrato' will be used here to encompass all varictiesof
the effect,

2. ANALYSIS OF VIBRATO
While the steady sound produced by a sustained-tone
instrument such as a flute, a violin, or the human voice, is
strictly harmonic, the same is not true of impulsive sounds

produced by instruments such as harps or guitars, in which all
vibrational modes have frequencies close to the nominal mode
frequencies of the primary vibrating element (the string in
both these cases), and these overtones are not ever in exact
harmonic relationship to the fundamental [2]. In both types of
instrument, however,the effect of vibrato is to impose a cyclic
variation upon some important physical parameter such as
string length or blowing pressure and this results in acyclic
variation of acoustic parameters such as the amplitudes and
frequencies of the fundamental and overtones constituting the
sound. The vibrato may well destroy the exact harmonicity of
the overtones of sustained-tone instruments, and this is one of
the possibilities to be investigated here.

Consider an infinitely prolonged note with some sort of
vibrato. To the ear the sound may vary in three different ways,
alone or in combination. The first is acyclic variation in the
loudness, which in music is generally called tremolo; the
second is a cyclic variationinthcpitch,generally called
vibrato,andthethirdacyclicvariationintonequalityor
timbre,towhichamusicaltermhasnotbeenassigned.ltis
helpful to examine the ways in which each of these
possibilities can be measured and specified.

TIME-DOMAIN ANALYSIS
This is the most straightforward but least informative way in
which to describe the acoustic signal. At some specified
location in the sound field the acoustic pressure pet) is
measuredata sampling rate at least twice that of the highest
frequency component of interest, ideally after passing the
signal through a band-pass filter at that cut-off frequency in
order to eliminate aliasing effects. This signal contains all the
necessary information about the sound, but is of little use
except for further analysis.

FOURIER ANALYSIS
In Fourier analysis the signal pet) is converted into the
frequency domain by performing a Fourier transform, ideally
upon an infinite length of signal but inpracticeona length
containing an integral number of vibrato cycles. This yields a
complex frequency spectrump(oo) that also contains all the
signal information. Generally this complex spectrum is
converted for display to a power spectrumP(oo) = [P(00)I'/2
which discards the phase information.

A simple sinusoidal amplitude modulation ofa signal of
frequency 00and amplitude a by a vibrato frequency Q and
amplitude Aa gives rise to two side-bands at frequencies
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ro±n along with the original signal at frequency ro, as shown
in Fig. I (a). The relative amplitudes of the three frequency
components depend upon the modulation indexfj,a/a, and if
this becomes much greater than unity then the component at
frequency m vanishes,

Frequency(linear)

Figure l. (a) Fourierpowerspectrum of an amplitude modulated
signa! with fj,a/a=l. (b) Power spectrum of a frequency
modulated signal with fj,oJ!n~l. (c) Power spectrum of a
frequencymodulatedsignalwithfj,oJ!n~5.

A simple sinusoidal frequency modulation by an amount
fj,ooat a frequency n gives rise to multiple sidebands at
frequencies ro ± nfj,rowith amplitudes proportional to J,,(fj,oo/n,
where J" is a Bessel function of order n. If Q«ro and fj,ro«ro
as is the case in musical vibrato, then only the carrier frequency
ro and the first two sidebands at ro±fj,ro are prominent, as
shown in Fig. I (b), so that it may be difficult to distinguish
frequency modulation from amplitude modulation simply by
examining the power spectrum. At the particular modulation
index for which fj,ro= 2.4Q the component at frequency ro
vanishes. Tfthe vibrato is very slow, sothatQ«il.OO,thenthe
spectrum spreads over a band of width about Zzvn.as shown in
Fig.l(c).

Fourier analysis, it should be noted, does away with the time
element entirely, since it deals only with an infinitely long
signal (or the same signal endlessly repeated) and yields a
frequency spectrum that is time-independent. It is therefore of
limited assistance in the study of musical vibrato.

GALERKIN ANALYSIS
Since it is known on general grounds that the sound signal from
a musical instrument is based upon a superposition of
overtones e.jox) at frequencies co, that may or may not be in
harmonic relation to the fundamental frequency ro]>itis often
more useful to maintain this view and regard the vibrato tone as
a superposition of these modes so that

P(t)=Lnan(t)eos[ront+<Pn(t)]

but the amplitudes a. and phases (n are now relatively slowly
varying functions of time. Theapparentfrequencyofmodenis
then
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This modal decomposition of the signal, known as the

Galerkinapproximation, has the great advantage that it yields

an 'instantaneous amplitude' and 'instantaneous frequency'

that both correspond closely with psychophysical perception,

though the terms themselvesare not analytically respectable.

It is possible to use this approximation to calculate the

behaviour of many nonlinear systems of the kind found in

musical instruments [3]. The approach gives a readily

interpreted picture of the amplitude and frequency of all

components of the sound without the complication of

sidebands.

One possible problem with this approach is that, if the

phasc o, jumps suddenly, then this appears as an infinity in

the frequency. An example of this is the case of amplitude

modulation or beating with Sa»>«. Here the signal has the

form asinrotcosQt and, if the amplitude a is taken as always

positive, then there is a phase jump of zt twice in each period,

with consequent frequency infinities.

FAST FOURIER TRANSFORM ANALYSIS
While a fast Fourier transform (FFT) is simply a rapid and

convenient numerical algorithm for performing a Fourier

transform, it differs practically in that this transform is

generally performed repetitively on successive small sections

of signal and displayed as a time-resolved power spectrum.

The frequency resolution Arois related to the lcngth Ar of thc

transformed sample by the condition fj,oofj,t~21t, while the

Nyquist cut-off frequency is 00* =1tNIMwhere Nis the number

of data points in the transform. SinceNis normally fixed by

the software used for the computation, the result is a simple

trade-off between frequency resolution and time resolution.

If time resolution is sacrificed in favour of frequency

resolution so that the sample length is greater than twice the

vibrato period, then the FFT approach behaves like the normal

Fourier transform and shows a 'carrier frequency' and two

sidebands for each mode. If,ontheotherhand,timeresolution

is made significantly less than the vibrato period, the FFT will

display a set of modes that vary cyclically infrequency and

amplitude, following the Galerkin approximation. Because the

FFT approach effectively averages the Galerkin

approximation over the sample time, if this is short, the

possible infinities in frequency are reduced to simply large

jumps, but these jumps need to be earefully interpreted.

SONAGRAPH ANALYSIS

The most useful analysis tool derives from the Sonagraph,

which in its early forms rotated a sensitive paper on a drum

bearing the recorded track to be analysed. The rotation slowly

swept an analysing filter through a frequency range from zero

to about 5 kHz, and the stylus imprinted the signal level on the

paper, giving a time-resolved spectrum ofselcctedbandwidth.

Modern signal analysis programs perform the same operation

digitally. The figures in the present paper are derived from one

such program [4].

Acoustics Australia



n UMAN Au mTO HVPERn:PTION
Since theohj«lofth isanalysisi s lorelatepe~ivedvibrato

effects to physical parameters of the performance, it is
impomnt than a mc:1hod of llI'I.1lysis ill c~ that adequate ly
appr oximates huma n aud ilory perc epuo n. Numer ous
ps ychoph ysic.l sru<lies (S] show Ih. t hllm. n auditory
resoIlIIion is rather less fine than SOmsand that. while •
freqUCllC)' resol lllloa of abou l J cems, or about G.2%, is
possible _ the mid-nn~ of the frequmc y spectrum though
such resoIlII>onrequires 5OWIdsthat.rc steady for Soe'Vft1l1
seconds. (One 1ICmi1onc is a chan , e in freqUCllC)'bya factor
21/11 or .boul 6% and is dividN~ri thmiCiny into 100
cents. ) When the lOne duntiun is Is or Ina. the freq uency
resoI~ion dccbncs r.lpidly. Similarly, changa in sowxIbel of
148 arc pcrccpli bk ..nm they 0«11I"al inlcrw.1s0(. -=ond or
_ . but:bcwn>c progressively Ics obrious when they~--T1Ic:Ic oonsidemiom AlggcA !hat an method of .wym
wlth a time resolution of.bout lOOms and • connpondma:
freqllCtlCy l'QOllItion of about 10Hz., whieh coonponds 10
.oovt 2% or JOcmts near the midd1e o f the treble mve (.bout
4OOfu:) is probably abou t opt:ima l for analysi ng vibeato. An
FFT~ ...ith 1024 cWa points adj ll..-ed 10 mod t~

cri leria will~ OlD upper CUI-dT~ ofllbout Skl lz.,
whidI is~ for the MWysU of _ ..-ical __ ..."It..
t'-'gh of COIII"W lbe audibk componmu of thne -......h
a1rnd lo mudlhia:herfrcqumcies.

3. VARIET..::SOF VIRRATO
The lIlO$I mus ically and KOWIical1y muling method of
lIlIaIysis of m~icaI vibralD is .... appropria le fonn of fTT
ana}y1it, wrth the IlIfllple Im p of aboot lOOrm., so that tbc
frequcncy~lutionsisaboulI OHL. ... di1lClll5el11iluv'e
Appl ied 10 • Iypical m~ica1 vihDIo. this analys is gmcrally
indi c. tes a combination of frnjucncy and . mplilude
modulalion of !be wun4. whieh is indeed .. hat the listmcr
hears.tbough il ispossibktoCUfll:mlnlepattp(i"" allcrttion
OIl one or odJcr chaacteri~t]c. A mll, ieal noIe.~, ill noI
gencra lly.'imple'inll....idw;lh . sin glefrcql.lC'llCy.bulrathcr
consists of a fundamental Kc ompanied by an . rray of
evencncs. ThcclTe<;I o f vihratomllydilTcrfromone ovcnone
toanother,sotha.t I third fi>mJof vibrato can be iden lilied tnat
mighl be lermed ' umbre' ~ ihralO. where the mUllical word
'l imbrc 'refCTSlolonc colour.

What consideri ng ~ ihraT", we can idmIi fy two bas ie.ll y
different classes of mu~ica l .ys tems. In the f inll class,
exemplified by plLlI,:ked or bowed string instrurnents and by the
human voice, it is the frequency otrhc primary oscillator (the
sui ng or the vocal folds) Ihal i . varied; associated rcscnerors
(the instrum ent body or the v'l\:allrael) serve simply u shape d
filtcrs lhalmodify lhe sl'L'l:trul envelopcoflhe !IOuIKl. lnthc
second class, exemplifiedby woodwind and brass in..'trurm:nls.
ee primary te!\OlI3tor Uhe air co lumn) actually dcterm inca the
frequency of tbc s"un d. and what ts mod ified in vibral " is lhe
behaviour of a suhsidiary ncpuve·resistancc Mci l1altlr (the air
jet. the reed, or the playcJ\ lips ) that is Ila\~ 10 the primary
resonator , Frequ ency dC'·iatiolu . re thus mIlCh etiier 10

prodoce in the lim elas, of instruments than in the K<:ond. lI5
we see tn the examples Ihal follow.

100Pllbi \'e , l r inl:"d lnslrum .,n ll

A piano has an inherent amp litude ·modul.tion, thou8h lIOI
really a vibrato, foreech lJYCl"kHIcof thcWlllnd by virtue of the
fact thatmosl noo:sare i<.lUlldcd by ~'ml! 5trings vibrltina:in

uniiOll.The inlrnocrion bcc\\ftlltbcstriDgs ncomplieated (6)
andarises bocc:aw;cthe bridgeis~"",oomp1ndy

rigid, si nce il Il1U!!oI transmi t the SIring vibrat iOlll 10 the
iOUllIftooard. 11Jeplayer ,~, has no control over thill
effcc;l,so ilwill not bcconsidefcd furthcrhcre. desp ile lhe facl
thai it is irnportanl 10 thc quality of pilllO sound.

Some\ hinr. similar happens in the Iwpsichord and the harp
but hasadiffcrmtoriginbccaU'CtheiCiMtrllmcnlSha\'Conly
one stml@ perllOlC(althouJIt IarJc barpsichords m.y ha\"('
aGditionalstrings.~or ..b-ocb>"(' pilchcs).Since tbe
string is DOlgcncnIly pbJckcd eUC1ly at ri&ltt angles10 the
bridgc , il basa!CDdmt'ylOosallalC in an d hplical path, and
thiscllips<:pre«»csskMly,bcl:alliCofbot:hnonlinearefJects

and also the dirccti~ of the bridge impcdancc
12,.3). This pReelSion givn • quui-pc rlodic arnplitOOo:
IDOOiJlationlOthcnormal fon:eoathcsoundboard. Apinthe
playcr has 00 control 0Ynthis effCCl,so th.tlII tsllOl.rcaI
~ibraIo_

lo . guitar,~,tbcpll)-er use:loncfmscr lo 'sWp' thc

srringbcing pllld.cd.andthis fincC1"basap<aitioll~

l\Ml of the frcn on !he neck o f thoems.tJurncnIlO lhat the

vibrating length is dcttnnincd by !be !own em JIO"ilion. If,
INN.~. the playa rocks lhi, finger backwards and fonnrds,
lhen this bas an effcc;lon the tension in lhe string bccaUK of
shght "Viationin lhc dispIX«llmgth bc1">:o:nthelmli. Th is
Ien5ion varia tion in tum varin the vlootion fn:qumcy of I II
of the suing rnodn by CUL'Ily the _ ftKtionaI amotlIII,

gi\.ing a coord inakd frcql.lCftCY modul alioll 10 the Ilring
vibration .

The matter is, hoJoo.~. not as simple .. thi, . 11k' IItri.ng
vibration mll.\1 be communicated to the illSlt'\lme1U body for

sound radlDlion, since Ihe$lringitselfradiales .lmost00
sourK!because its dlamcle r is so small comrared with the
sound wa\ eIL'Ilgthinvolved. l1>e guitar " ..dy. bowever, has
many resonancC'S - inde~ il is lhe di!<lribulion ofthcsc
l'e!\OI1lInCn thai distinlluishc:s a fine guilar from a poor OtIC

As the frequency of any mode "Vi es under the effect of
changing len~ ion, theref ore, this alt.:rs . linle the response of
the inslrum<:nt body as Ihe frequency moves closer 10 or away
from the nearest resona nce. There i. alSl] an assoc iated
chan ge of phase , whic h adds to the initia l frequency
modu lat ion. The res ult is Ihal the simple freq uency
motlolalion ofthe string acqlliresanamplitwJemodulaliona.s
it is rnrn,ferrooJto the bo.K1y and radiated . When this sound
signal is analysed by the FfTrncthod, thosc:parts of lhe signa1
wilh higher amplituc:lcan: given hieM _ ight. Wllh lhe resu ll

tha.t there may IIf'PCIr ID be a sliP. shift in tbc med ian
vibration frequencies of iucli\-idual rnodn in adoJilion 10 the
vibrato.
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Bo'nd l lr ings

In a bowed stri ng instr ume nt such as the viol in, the stri ng
vibration is mainta ined by a st ick-slip frictiona l phcnumcnon
between the mov ing bow and the string - hence the impo.-tallCC
ofrosi'l 10 enhan ce the friction . Th is stick- slip mOl ioo is highly
nnn iinear . with the result tha t the vibrationa l motion of the

string repeauregularly,giv ing a precisely harmcmc sound for
sll5!ained DOtes. Vibra to is again introduc ed by rocki ng lhe:

aet iv<' linger tipagain'1the li ngerboard illOin theguitar bLll.
bc<cause lhe:reare no fn:ts, the rc ~lIlt ilO not al:han~ in lension

bul rlIthcr a I:hange in string vibrating lengch. Analysis of this
s ituation is very difficllit. because it consrinaes a 'movi ng
bou nda ryprohlem ' but. because lhe vibrato frcqucllC)' is very
m...:h luwer lhan thc fundamenul string vibration frequ ency
(5H" compar ed w ith 20o-2000Hz for a violin), it is a
reasonable appro~ imation to pe rfonn a calcul ation using a
qWllli-sUt ic appro~ imation. The stri ng frequ ency is Ihen seen to
vary ap proximately sinusoidally at the finge r-mOlion
frequency, The facI that the violin body is inlimatcly involved
in sou nd radienon.end that it possesses pronocnccd resonan ces
of ils own , affects the vibrat o in the same way as for the guitar,
making the final e ffect one co mbining frequen cy, amplitud e.
and timbre variation s. Th e max imum frequency variation in
vibra to is typic ally about ±) % or about ±50 cents, as shown in
Fig . 2. Note that the vibrato exeenr. when measured in
frequen cy rather thanpitch, increasesin proponiontothe
frequcncy of the ove rtone involved. thu s mai ntai ning a
harmoni c telations hip 10 the fundamental at all times .

Figure 2. SOUnd......ll analysi. ofN i~l Kr:nncdy {violin) l' laying

ancxccrplfrom thc1.lc<lilationfrom M3$!ClC1 's Thail ."Thetimc
•pan i.aboutIO s.c<:oods and the freq....-no:y.angeD-7 kHz.
Maximumvibralo arnpli!Udci. oil'" 01 about half . !IC1TIilonc in
eacb dirc<:tioo

Since the violin is a sustained-lone ins trumenl , vibrnto is an
importa nl feature of ils sound qua licy, and is used almos l
always. Th is con tra sts with Renai ssan ce bowed -st ring
ins trumc nts of the vio l fami ly, wh ielt heve cords tie d erou ndthe
fi ngerbo ard to cons titute very shallow frets, and are played
wilhoutanyvibrato atall. Adjustm ent oft hefretsallows notcs
to bc played consistent ly in tune, a feat which is much more
diffic uh on the violin.
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Violins and other bowed-siring instruments are often beard
in groul's, as in en orc hesrra , and here the vibrato lakes on
anot her ro1c. T he stri ng players make nn artcmpt to coordinate
their individual vihratO\;,sothat thercsolt is a sound
con sistin g of many superimpo~ed signa ls w; lh ~1ight ly

d ifferi ng freque nc ies and vinralO raree. When this is
cOllSide red on the basis of Fourieranalysis, lhe.ignal ilsecn
to be rathc r like narrow ·band noise. Thi s is called. 'c horus
elTecl'andis partie ularly pJeasa nttomosllislenCfS

Flulf'-li "'einsl r umeDIl

ln ins trumen ts oft bc nu te family, a rube reson ato r wi th finger
holes 10 adjust its acoustic Jength is CJl,cited by an airj et from
the player 's hps whieh bJows allernati ngly into and ou t of tbc
in,mrrncnt mout h-hole . The air jet itsc1f is very compl ex, and
its motion involves the propaga tion of uisplac cmenr waves
eJlcited ul'0n it by aco estic flow out of the mouth-hole. The
interactio n of the jet with the sound me•.lcs in the tube ur thc
up per lip of the mouth-hole is simila rly complex. To !lOulld a
given note, the player must co ntro l the air·jct length and
blowin g press ure within fairly narrow l im il~, or lhe ins trlllll",nl
willeither nut sound or wilt sound a higher mode Ihal\ the one
intended .

Vibrato in flute ins truments is generally prod uce<! by a
cycl ic variation of aoom 10"/0 in the blowin g pres sure . The
re lati ve levels of thc upper harmon ics of the sound depend
quill: sen.~i t i~c1y upon tbe blow ing press ure. whi le the
amp[;tude alld lTc-quency of the funda mental variCllby onl y a
v<'ry sma ll arno'WlI. 1bc result is a ,·ibrato thai has been
cllarac teriscd as be ing a °limbre vibra to ' sirv,:e there was
relat iv<'ly little eha ngefOW\d in eilherpilCho r rad iatedsound
Jl'O'I-Cf [7]. T imbre varia tions do , howeve r, have an effect upo n
perc eived Joudre ss.

A more recent stud y using FIT tec hniques (8] has,
~r, shownpcriodicvariationsofabout (30 cen tsinthe

freque ncyof lhc fundam ental and rather large and erra tic
variaii onsin lhc app arent lTc-queneiesofthehighcrmodes,
these variations increas ing in exlent with the mod e number. As
discussed above, it is possible that these frequency variation s
are prod uced by changes in phase, due perhaps to associat ed
varianon s in the exac t blowin g angle of chc jet in relati on to
the edge ofthc muuthp iece [9]. Such phase cha nges inc rease
in mab'llitude in proport ion to the mode number . Th e FIT
ana lysis reponed in Ihispapc:rrai"CllS(\mequest ions abou t the
reahly of chc frequency l1uetua tiom , h""", ver, since the
displayed lime resolutio n ilO about 0.015 and the frequency
resolunon belie f than 1011" rathe r than the expected 100Hz.
The analysis show n in Fig. 3 shows . max imum vibrato shift
of aboo t oi25 ceens, which con linns the figure given in the
referenced pu blical ion, but no anomali Cil arc evident in the

higher harm onic s ofthc sound.
In the flute, as in othc-rwi nd inslrume nlllt hat usc vibrato,

the rate and extent of lhis vibra lO is undcr the contro l of the
pl ayer.Often a s ll.~ined DOte al the begin n ingof a phrase will

start with al most no vib rato, but this will bu i[d up in frequency
and amplitude during the course of the note and lead on to the
next note in the phras e. Co nversely , ncar the end ofa phrase
this seque nce may be reversed The normal freque ncy of
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vibrato,generallyin the rangeS t0611Z, isalsooften
cha racteris tic of tile individual player.

Reed wind instru menlS, suc h as oboes or clarinets , can also
produce vibrato , euhe r by osc illation in blowing peessure e r,
less oornmonly , by l jp pressure on the reed . Th e vibrato is under

the control of the player 10 the extent tha t basooons, for
C'lIampJe. may use vibrato whe n playin g duds with oboes but
llOt when play ing wilh clenner s, simply beca useit is traditiona l
foron:hesua l clarineblo play withou t vibrato. Tberedoes not
lIppearlO have bee n any do;tailed acousec stud y oflhis vibra lo,
but the analysis given in Fig. 4 lilIggests that the Irequeocy
vari . tion is lHtlyabout :t40 cen l5 and that variations in loudness
and timbre 1lUIy also be important.

Fillll"' ) . William Ben... tl (flute)ptayingpanoflhe L",,!?ofrom
Ib ell" Conc~o for Flute and Slrings BWVI056. M"" imum
vibl'ato amplitud<:is j,1.S% or aOoutc... -quarter of a semilOl>C
lbe appan:nt ""erlap ofootes isdu<:lO reverberarion

Figu,e 4. 1be oOOi«l M the Smttgan Ch.m hel"Orch. , 1... playing
lhei ntroduetioo 10the Eello Duet of Bach's Chri!\1ma.1 Orotorio
Maximum vibr. 1Oamplitude is ±2.S% or a!>out 0,4 ,;e",itoncli.

Brass instru ments do not uSC vibrato to any gn:at e" tent,
perhaps partly because of the physical requin:mentso n blowing
pressuTean d lip tension llCCeS!;llry to produ ce the desired sound
and partly becaese o f tradition, which has es tablished that these
instnunents sound better whe n played 's traight' .

T he siD/o:ln /o: vcrce

Vibrato in singing has received a good deal of attention from
teac hers but less from acous ticians. Typically the singing
vo ices ofchildrc n make no use of vibra to, and this creates the
' PUTe' or 'sim ple' sound cha rac teristic of Eng lish ca thed ral

choirs . The voices of girl~ continue to deve lop smooth ly as
their age increases, and it is usual fora sm all amou nt of
vibrato 10 develop. After the allc of 20 or so, the extent of
vib rate depends upon art istic choic e and physical
deve lopment. Some profe!i~iona l female singers maintain a
voice with very litt lc ~ibrato For many years, and this sty le
goes very well with the music of co mposers such as Purce ll

and with muc h folk music. Other singers follow a more:
operatic lrad ition and usc pronounced.and even exaggerated
vibrato in all their singing. After many years of singing in this

style . it seem s imposs ible for these singers lo rcvertto simple
sou nds, and the ~ ibralO inlensity ge nent lly co ntinues to
incTease as lhey grow oldo.-r. Wh ilc thi s is perhaps appropriate
in some music with dram atic emotional co ntent, it is felt by
many lobe an unfortunole dc fcct in singing style. At the othe r
end of the artistic spec trum. singers in some Eastern Europea n
tradition s eschew vibrato oltogcthcr, gi~ing a most striking
effect to the music charac teristic of that trad ition .

Vibra to in male sin[,:eu , part icu larly basses, sounds rathe r
di lferent from that of sopranos . probab ly because the basic
soond Frcquency is typically Itlwer by a factor of nearly four,
Ce rta inly, howeve r, some well -kn own bas s singers have
de~elOJled with aile a style wilh a wiue and rapid vibrato, with
the Tesult that the pitchof lhe nOlC being sung is largely
obscured in rapidly moving musi c such as some of that by
Handel.

The ph)'5iologi cal mec hani sms of vibra to [,:enela lion in
singing have bee n the suhjcc t of detailed study [10], but the
resu lts vary som ewhat from one singer 10anothe r. The pitch of
a voca l tone is de termined almost entirely by tension in the
musc les suppo rting the vocal folds, though this tension is
itself inflcceced 10 some extent by sub-g lottal press ure , The
prima ry origin of vibra to thus lies with the muscles
oonl rollingthc1aryll.\, lho ughthere is evide nce of coord inated
osc illation in muscle tensio n in the ches t and abdomen,
Icad ing to syncbronised osc illations in sub-glottal pressur e.
Because the fundamental frequency of the human voice is OUI

loc ked to any resonance of the vocal tract, the singer has a
great dee! offn:edom in pitch variat ion during vibrllto.

Quantitative studies ofvoe.a l vibra to have been made by
several peopl e, and are discusscd by Sundberg (101. whil c I

more recen t analysis ofpromincntartists singing Schuhcrt' s
Aw Mari a has been report ed by Pr.lme [ I ll- For the quiet
mood of the Schu bert song , thc vibrato rate was 6.0.10.4 Ul.
and the avera ge vibrato extent 71±9 e<:nls, though this varied
from 34 to 123 cents for differen t notes and different singCrll
lu the wider and more operalic repe rtoire [10] "Orne well
known sopranos actua lly usc vibra to as larllC in ed cnt as ±2
semitoncs! (I F the vib rato is larger in eslenlthan this it is
called ' tri llo ' .) For such a lart\e v'ibmto, pa rticularly if the
vibrato rate is rath er slow, the pen:er tion is of an ac tual
fluctuating pitch, rathcrthanavariation oflonequalityona
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part iClilar note, For smaller vi bra tos. howeve r, the pitch

pe rccived by a listeneri, vcryclosc to the average fn::qllency of

the sound so that a wide vibrato does not allow the singer to be

sign ifi cantly out of tune without this fact bei ng eviden t.

Figure 5 show s a typical exam ple of vocal vibrato for a

di ,tin gui ,h ed sop rano (Joa n Suthcr land) singing a quiet

medilative piecco fmus ic. Even here the freq ueney varia tion is

abo lll ± 170 cents, or L7 semiro nes in either direc noubut the

listener sens es just the average pitch with qu ite high precision

Note again that the vibrato extent, when measu red in freque ncy,

increases in propo rtion 10 Ihe frequency of the overlone

involvcd, thus main taining a ha rmon ic rela tion ship to the

fun damen tal at all time s.

Figure 5, Sound speclrogrnm of Dame Joan Sutherland singing
a tmnquil =tion of Puccini'. S"" rAng clica. Thcti mcspa n i.
10 >I«Oml> and the ti-equrncy mnge 0 to 7 kAt. Maximum

vibrato amplit<Kle is :1:10"1, or about L7 scmitoncs in each

direction

Desp ite what appea rs to be the almost autonomo us natu re of

tile muscle vibrati ons respons ible for vibrato in sing ing, the

pcrfonne rs do have some measure of con trol over its amp litude

and freq uency. The vibrato i ntens i tygenerally i ncr~!,o:.' l,\/ ith

loudness and emotiona l conten t of the music, though whether

this is co nsciou s or subconsci ous is not clear, Another leve l of

control is shown in a study of duet singing by pairs of

distingu ished sopranos, as recently reported by Dunc an et e!

(12]. Th cy found Ihal in some cases Ihe singers adjus ted their

sing ing so that their vibra tos were approx imately synchro nised,

sometimes in-phase and sometimes anti-phase.

w hen , as often happens, mature singers comb ine 10 fonn a

choir, the ir individual vibratos arc not synchronised, so that, as

forgroupsofvioli ns,the resulti s anal ogmL~ to a narrow-band

noise signal. This ' chorus effect' is by no mean s unpleasant,

and indeed adds characteris tic beauty to such co mbined

sing ing. The resulting auditory effect is in sharp contrast to the

near ly 'p ure-toneeffect produced by grou ps of boy sop ranos in

catbedralchoirs, where vibratois not genera lly used
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4. CO NCLUSIONS
Vibrato is an important compo nen t of many mus ica l sounds
and allows the performer to impose subdevari ations upon the
qua lity of notes. It has become so nearly universa l, however ,
Ihal some perfonnanees, part icularly of ea rly music, gain
dislin ction from the absen ce o f vibr ato! In the best
perform ances. the nature and exte nt of the vibrato are under
the close control of the mu~ician and arc varied to suit the
demands of' the item being pe rformed, and indeed help to
shape the style of individual phrase s within that pe rforma nce.
Unfort unatcly,m any singersappear lo develop an uneonlro l1ed
and excessive vibrato with increasing age, which detracts from
the bea uty of their songs .

Th is brief survey has shown that only some asp ects of
musical vibrato arc understood in detai l -there is arnple scope
for a comprehe nsive and com para tive study. As well as
benef iting pe rfonn = on traditiona l instru men ts, a proper
understanding can perhaps add life to the otherw ise often
m echan ical sounds of muc h e lec tro nic and computer.
ge nera ted music .
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RECENT DEVELOPMENTS IN THE
APPLICATION OF NEURAL NETWORK
ANALYSIS TO ARCHITECTURAL AND
BUILDING ACOUSTICS
Joseph Naunarteuo, :\1. Rjduen Osman and Fergus R. Fricke
p.,pll.rtm~nl of An:hit~dur.1 and Iff~Jl:n Science,
Univers ity of S,. dney, NSW 2:00 6

Ab<Uact: Tbi'paf'ef"",iew. lI.c worlr.undo:na\(cn in Ihc Dcpartrnml of Archilccttmll and l>csign Scieoc:eUm>WSllyofSydne)'.onlbe 11.....

of neurall>\.'1wod analy.i. in arch ,!CCtUnJand building ao;oIWia. In aOOilori\ll1llll>OU<tict.devdopmrnu inclll<k the \lOC of neural
IIt'f"M>Iks to pmiia a<:oUSlicai altribule5ofconcen han. : .nribul~ such ISrn-erben lli".. lime, RT6(lostn:ngth factor . G, clarity factor, CSO.
andlllteTal frac\ion, lFJ~igation.tlave a'""bt-cn undcnaken n:1aling lhc.cou.heq... lily of .oo;lo ria,a , judgaJ by conductonl and
music;an., 10ten hall 'geometric ' parametcrs and s;, """'lStie potametcra. In tlte~ohmall t<><>ms. invesrigal;OIIilwlvcb«:n carried out
lop,ed ictthcocOuSlicqUlllityofmusicpracticeftl(l/t1 .and rnu. icu.achi ng room . byllhlizinglcombinal ;on ofl\rom<:lrievaria bl""as
inr ull;. In roomsu ""d for spccch. nCllfal network allalyse. havc bcen undertaken 10prodiClspecchl cYdsin universjlyd"""rooms.Finally,
in tile area of noi.<econtrol in buildings, work h.. ~n eWN Oul using neuraln~t1rb to predict the propertie. uf a,;uu, lical material.
such as soundtr:ansmi.. i"" 10M (wall sound in.'ulali on) and ab:;orplion c.x fficientl. The ","UllSof the work undclUlen have shownlhe
po!cmial usefulnes-' of "" .....l nel""JR:s a. <lesign. ool. aOO, aill"iflCamly. tlLa."" un.I IM:tW<lrk te<:hniques have . """'o playinlhcfield nf
an:hi1ecturalan<tb u1ldmg lCoustics

I. I:"lTRODUCTIO S
Sabine (1900) laid the grnundwork for architec tural aco ustics
and defi ned the subject in fairly sirnplcterms. Everyt hing that
was simple at the end ofSabine's time appeared to become
complicaled and, by lhe l il50s. a~hitcctural acouslics had bccn

turned into a complex subjec t . This is understandable as the
fie ld is broadand I"C1ICiIJ\:h ae-tivities have bee n carried OUI over

a large l1l/lge oftOJ'in.U"fortunatdy, ~tt'SeaTChlt.u bccn and

is often be ing directed to work which unavoidably confo rms 10

l.-adition al archit ect ural acouslics precepts . Although the
resear ch has bee n nf bcnefi t to the acousti c comrn unity,
architec ts and aco us.ic ians have co ntinued to fail to come to
terms with lhe conccpt that aeon.ticallygood nuditc ria can not
be dir«tly sc:aled up Or down to ach ieve good acousti cs in new
halls in the liame mannc r in wbich visua l aspects can be. A
reason for th is is the enormous difficulti es thaI are crea ted by
the multiple pa rameters and mu lliple cntena aspects of
architec tura l a«I U!ities. These co mpla situations are not eas ily
rceogn izab le and therefore remain difficult to reso lve using
co llVentinna l rncthllds. Th is pap crsummarins resea rch car ried
oul, using a new approac h to help archite cts and acoustician s
solve complex architec tural and buil<!illg acoust ic design

prob lems
The new approac h be ing researched at the Univers ity of

Sydney invoh'e . the developmen t of neural net\liOrks to
investigate the many issues and problem stbat exist in tbe multi
discip linary field of architectural and bu ilding acoustics and
which are 001readily handled byconvenlion al rnejhods . Neural
networ k analys is (NNA) can be co mpared 10 multi ple regres sion
analysis except tha t with NNA assum ptions need not be mad e

aboul the system being mod elled . Neura l networks alre ady
perform successfully where other methods do not; they have
been ap plied in so lving a wide variety of pro blems inelud ing
those in the area of civ il and struc tural eng ineering whe re thcy
have been used extensively I I ]' The history and theor y of
neura l networks. and some ind icati"ns of thei r future uti lity,
have bccn described in a plethora uf llublishcd 1iterat ure. for
example {1-4 ]. therefore , only a very brief o';erv icw of how
neural net\lloOrbopcrale will be covered in this paper . Suffiee
to say that t1Cura l networks obviate the need to use co mpleJl
wave theory, and computer motId s. and impractical and costly
physica l model s.

Th e majo r part of the work clIVered in this paper relates to
invcstigati ons unden akenusingneural networksinthearea o f
room acous tics. Also presented is research with neu ral
nctwnns in the area of noise co ntrol in bu ildings, l.e.
propc niesofacoustieal maleria isand coos truet ions.

2. l'\EURAl NETWORK ANALYSIS
ThCTC are many altern ative form s of neurnl networking
systems and there are many ways neural ne!WOrks may be
applied to a given probl em . The suitahility of an appropria te
paradigm and strategy for app lication is very much dep endent
on the type of problem to be solve d. The type s of ne twork s
8pJllicd to many of the prob lems presen ted in this paper ire thc
ba.1ic multilayer feedfo rward neura lnel\loOrks(sce Figure l) .
These network s pe rform a non-linear Irnnsformat ;ol1 of the
input data in ordc r to approxim ate output data. The num ber or
cases (input and outpu t parameter sets) in fluence the
architec ture of a multilayer feedf(lrward net work. Th e
topology of a network con sists of an input layer c r neurons
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(one neuron to each input) a hidde n layer or layers ofroc urOlls
(one layer is u. ually co ra idcred !OU rricient) and an outpul layer
of one neuron fOf each output A neuron, I I.... called a
proce ssing element (se<:Figure 2), is the bl sie un it ofaneural
nC1WOI'1l: and el<<<U1 CS a summat ion and acuvarion funetion to

determine the output of that neu ron . n e numbcr of neuro ns in
thehilklen layerisapproximalelytbeavenlgenumb..'To f tl\e
inp uts and OUIputS. thou gh this numbcr is also influenccd by the
number of ll1lining eases. For in.'\Iancc. 100 many neure nsin the

hidden layer can resuh in over-tl1lining (a lack of genera lization
which can be overcome by a number of strategie5 (5)) and lead
to l"'1:everi lieatioocrrors.Ontheolherhandtoo few neuron~

can result in large Intining and vcrili elltioo CTTOI1I

Figun: 1: A mul!ilayn ftcd forward nrural nmmrk

Figure 2; How a processmg clement (neuron) works The
notatiCl1l W~Tcprnentsthe ronncetionweighl from lhcjth ncuron

to the Ithncu ron. (after Nclson.a nd lIlingwort!l[27))

IIM - Vllt 29 (2001) Nll. 3

Inputs to a neural network are prese nted at the inpu t layer.
Starting from an initi ally rando mized weighted ne t"urk
syste m. input da ta is propagated throug h the network 10

prov ide an estimate of the ou tput \"3lue. The erro r betwee n tbe
act ual ou tput and the predicted Voduc is u'lcd 10 adjus lthe
networkweightings (on thceonncclioosbetwecn neuronsj tc
mini m ize the erro r in the ('redi eted outp uts. In lhis itera tive
proccdu re. the newwcights arcacc<'ptedif lhcresuit ingerror
is smaller than that recordcd using the previo us see ef weigbts.
Several algorit hms (2-4J are co mmo nly used to ach ieve the
minimum error in the shortest time

Some of thc chara cteristic s that support the success of
ncural networks and distinguish them from the conventional
cn rnputauo nalrechmques arc:

o Th e direct manner in whi ch neural netwo rks acquire
information and knowledge about a given pro blem do main
[6--17] (learn ing interesting and po>sibly non-lin ear
relat ion' hips) through the tra ining phase .

• Neural networks can wo rk with numeric al or analogue data
that wou ld bc dimeuit to del l with by other means because
of the fonn of the data or because [hell: are so many

variables.

o Neura l network analysis can be conceiv ed of as a black bo~

approach and the user does not require Sllphistiea tcd
mat hemalica l knowlcdg e

o The com pact form in .. hieh the acquir ed infonn ation and
know lcdge is stoll:d wilhin the tra ined networkand the case
in whieh it can be acce ssed and used ,

• Neura l nehmrk so lutions can bc robUSlevcn in the presence
ofnoi!'C in the input da ta.

o TbehighdellteeofaceuracyTqlOt1edwhenneuralnetworks
are used 10 general ize ever a set of previously unseen data
(not uscd in lhe lr.linmgproccss) fromthe problem domajn

While neura l net ..orks can be used to solve comple~

problems, by what can he simply cons idered an interpo lation
pmr ess involving multivariate nonlin ear mappi ngs (in some
ca.scsmilflf' ing is acquired automaticalfy and very fasl beca use
ofthe inherentparalid nature ofr-; l\A).they do~e'T
suffer from a number o f shortcomi ngs :

• The data used to train neuml networ ks should co ntain
infonnat ion which , ideally, is spread eve nly throughoul the
entire enve lope o f the system.

• There is limited theo ry to a$ bt in the design of neural
networks.

o Therc is no gu aranl ec of lin ding an accep table solution loa
problem

o There arc limne d op port unities to rationalize the so lution s
provid~'t1

J. NNA AND ROOM ACOUSTICS
Concert haUs: . coud ical puamelen

Concert hall des ign, is unique in ils com ple",ity. Thi s is mainly
beca use conce rt hall acou.'ilic,,- in all its diversit yIs a multi
eritc ria andmulli ·p arametcrdisc ipline. Sa bine 's famollswork
led 10 the widespread use of reverberatio n time . For man y
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ye3J11thiswa~ theonlyacoustical plirameteruscdinthe desigli

ofaudituria, l lowcver, ullceMaimiescaused by theaudielicealid
per former abso rption, together w ith the mallY anoma lies
inhe rent in the classical eq uation and other relate d theoretica l
formulae, are respo nsible forthe oflcn inaccurate prediceion of
reverberation times. These predictions sre one n nol within the
subjeetM difference limen of 50/.. i.e./iTff.. 0.05. This reason
and because simple and accurnt e rules of lhwnb suitable for use
at thc eariyconceptual dcsign stage Icd Nan nariello and Fricke
(6,7) hI investigate an alternative method o f predi ct ing
reverberati on time. It was demon strated tha t neura l networks
can bette r. more readily and accu rately predict low frequency
band HTlll .1lOJlld mid frequency-band RTsoo.1000 reverbe ratio n
times for auduo ria.

Neural netwo rks were trai ned usillg constructional and
aco ustica l dataofauditoriaas inputvariahlcs, ImpoMan tly. the
input variahlesa,sociatedwiththe ahsorption coetric ienl~were

rep laced by simple rating coefficients in terms o f the
absor ptivily of materials . The result of this work provided
ev idence tha t neural networks I) can be used to make
predi ctions cf reverbcrauon times at low and mid frequencies
for auditoria, and 2) thm these prcdict ions are lIS good or bener
than ex iSling methods . Linear regres.~ioo anal)'5is ofmeasured

versusneura l net\\.ori< pred icted m'erbcration tirnes, for low
and mid freque ncy bands , prod uced Rls of 0.91 , and 0 ,94
respox tively. Furtbermore, and more importantly, the res ults
showe d excel len t strength of assoc iation and high per«ntage
ag reement (10 out of 12 pred icti" ns Wl;re greate r than 90%)
between measu red and predic ted reverbe ratio n times. The
results were repea table alld within ralllle o f th", subj""t ive
diff erence limen of 5%.

Nannariello and Fricke 171 drew from the results obta in
previo usly (6) and ex tm ded the idea to usingneuralnetwork~

bui lt with a red uced numllcr ofinpul variables (a ne twork

' dimcn., iona lily' redu ction ) to pred ict RTI 1~l$O and RT~IOOO

for auditona . The oollCCfltwu furth<.'Jextended to d""e lop ing
some basic relatio nships and ru les of tllumb on how sim ple
gwmetrie par.lmeters aff ect reverberation time . The resu lts o f
these investigations an: prc sented in Ref. 7.

It has long bee n realized that there is more to audit oriwn
acousti cs than~erhcration time . Overthc last30 years orso,

a number of ohjectiv ., aco ustic al ""ramete!> (n:late d tn the
subje ctive assess men t of the acou stica l charact erist ics of
aud itorial have emerge d 10 aid the desig n of audit or ia
Conseq uently a number of methods have bee n develo ped [111
2 1] 10 pred ict pa rameters such as the strengt h factor G, tl1e
clarity factor CIOo lateral cncr!:y fraction(LF, and iruerau ra l
cross-corre tauon coeffici ent IACC, but these meth ods have
thcir limitatiolls .

Nannariellc and Frk ke (II) investigated and do:~doped a
method of I'redic ting G, C"" lJ'. and I-IACCu values in
audi toria using nro ral nctwork s. As a trial of this concel'l. and
becaUiIC well-documented meas ured data from halls is a tarit y,
Nannari d loand Fricke (8)lISCdneum l netv.orts tra ined.lL,ing
O DEO N 3. 1 numerical predictions. It was importem to
detennine whether the neura l networks could acqui re the
information and knnw lcdgc about the given domain (sou nd
level distribution) and make acc urate snund level (str¢ngth
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factor, G) predictiuns. A numbcr of gcneral conelw;ioo s came
from th is work. Firstly, tha t a neural network could be tra ined
and testcd using num erical pred iction s. Secondly.thatthese
nct....orko;,bcca uscthey use simple inputs, could be used in the
ear ty stag e of a design. Thi rdly, and most intere stingly, that at

least for reasonabl y diffu.\C shoebox shaped room s. neural
net....ms co uld mak e accura te pred ictions of G values . And
finally, that there wa s a good basi s for canying OUI furtber
investigat ions using noisy and poorly distributed measured
data to train neura l ne t"'Urks to pred ict G values and poss ibly
values ofothcr acousncat parame ters.

The subseque nt work of Nanna riellc and Fricke {II]
provided evidence that non -linear models, such as neural
networks trained with geometri cal and measured acous tica l
data , cou ld make pred ict ions of the G. Csc- and LF values in
concert halls . The pn:dictiun s were as accurat e as those
calcu lated u.,ing existing rnodel s. The sludy demon strated that
neutaln~'\WI1ri<s could bclraincd with ahandful of simple and

availa ble input variables suc h as the volume. muimum
Imgt h,total floorarea, n:verbcrd tiontime andtubcntio (sce
be low). Bet","n five and eight input vana bles werc used to
traill networi<s to pred ict ocat-avenged G, C.. and LF. Six
input variablcs were used to t....in ne tworks 10 predict position·
dcpend ent G VlIluc-s

It wllSd ell1",,",t rdtoo thaI the exact poshioas of seats ina
ltal1 wcre not rcqu ircdto accuratel ypr¢dictthe avcrase
pa rameters . For the 126 rece iver posi tions . in the g aud itoria
tested, the neural n~1work analy,isproduccd cxeellent results

Detailed descril'tiv e analysis of the 8 auditoria in the 1000 Hz
octa ve frequency band produc ed Res between pred icted and
measured dataof between 0.29 and 0.113.More importantly,
the absolute averag e errors and root mean square erro rs were
wi thin the suhj ec tive difference lim en of G, which is
iIpflroximatelycqual to ± I dB. Tabk 1 sbows rhe ecc urac y c f
neural nctwor\. predictio ns for the seat-everaged para meers

G, C.... and LF. 11>c Table shows that. for the audi toria tested,
neural netwo", predi ction CTTOI"S for G. C.....and LF were , in
most cases. wilhin the subject ive limen of :t l dU,~.S dll , and
±O.OSdB rcspoxtively.

Na llllllriello and Fricke [10] extended the idea of using
neural nctwork s to make I'redictions of aud itorium attri butes
to using neura l ne twori<s to develop some basic knowl edg e
and rules of thumb on how simple geo metric param eters affect
the am ibutesofan auditorium (in this case G), III th is work.
the use o f acoustical parameters, such as reverte ranon lime,
as an input veriablec was dchberatcly avoided . The ~ullS

showed thaI ocural netwo rks trai ned with 4 simple geomctric
input VlIriables--the hall volume, V. the maximum length.

Llotx, maxi mum wjdth, W:I!X' the total acou....ical Ilool-an-a.s"
andlhetubc ratio I19], D...J(W_ ...xH_l,-whereD_ is
thc mean dep th of thc hall (distane e from front of platform to
rca rmoSl wall) and W_ and H......, are the me"" width aod
heig ht respecuvely-c-gave aceura.te predict ions o f G. Table 2
shows the acc uracy of tl1e predi ction s: the high global
corre lation coeffi cient (R1G - 0.115) and low globa l err ors

(RM~ - 0.37, SldErr" - 0.39 and AhAvErr() · 0.30 dB) . The
pred iction errors are well helow the subject ive difference
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limen for G. The other attend.rot benefi t was tbat the neural
network model s produced relationship5 which, in most cases ,
agreed with the published literature [19,22,23). Tllat is, G is
affect ed by a numbeT of architec tura l factors , the most
importan t of which are the distanc e of the listener from the
stage, the prcsenee of reflectin g surfaces, the acoustica l floor
area (the area occupied by the audience), and the volumeofthe
auditorium . Significantly, however, the work also sh~d that
determin ing the cubic volume and number of seats is nnt
sufficie nt as a 'rule ' in modern auditorium desil.'1'l. The
optimization of G is dependent On a comb inatio n of
geometri cal factors including the shape of the hall, which is
represen ted by the tube ratio and the maximum dimensions
This is demonstrated in Figure 3. It shows a three-dimensional
quadratic smooth responsesurface plotof G,as a funetion of
the tube ratio, Dmeos/W.-,;>J!",""", and the volume , V. The
response sur face plot also shows the non-linearity of the
situation i.e . that the preferred value of Gis dependent 00 the
rube ratio and the volume.

_ 4.141
1ii114.562
R1 4.98
_ $.)99
. H 18
9 6.237
" 6.6~

= ;:~;

= ~~~

Figure 3: Quadratic smooch surface plQl (V,TR.G) :J>owing
relationship belween averaged acoustic parameter G (dB), hall
volwne V(m1)and tube ratio, D-IW...,yH_{m'l) [10]

Continuin g with the neural network approach, Nannari ello
and Fricke [26] invest igated a neural-computation method for
predicting the early interaura l ceoss-corrclation cocffl cicra ,
JACCn , in unoccupied auditoria. Thirty-six auditoriums were
used in the neural netwo rk analysis. A multila yer pcrceptron ,
fully connected three layer feedforwar d network architecture ,
based on the superv ised learnin g procedure was used to build
the neural networks. Seven input variables were used in the
firs t layer, The set-up funct ion for the neural network analyses
was: l-JACCEl ~ A V, L..,x. WMX'D-IIf~Hmean' Sr. Aw'

RTml4,where the symbol s specify quantities previously defined
and Aw is the side wall angle of hall, and RTrnJd is the mid
frequenc y reverberation time . Results of the investigations
showed thaI the neural network model could predict JACCn
values within the subjective difference limen. which is 0.075 '"
0.008 . Five auditoria were used to assess the neural network
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anal ysi s method and the errors between measured and
predictcd l -JACCEI ranged from -0 .05 to 0.02. The neural
network model used 10 make I -JACCE1 prediction s was
imbedded in an Excel spread sheet so thaI design ers and
research ers, without assess to specia lized neural network
softwa re, could use the results of the work

Co ncert halls: aeoustica l q lla lit)·

Architec ts and designers, when designing concert halls , still
make usc of precedent s especially at the sketch design stage.
Th is technique , in most cases, has not guaranteed good
acoustics. Fricke and Han [13] underto ok a neural network
analysis wIlich related the acoustic quality of halls, as judged
by conductors and musicians (subj ective acoustic qualit y
index, AQf (12)l, to len hall parameters ; volume, surface area ,
number of scats , length, width, height , rake angle of seats, a
surface ditfusio n index (visua lly assessed ) [12-14], stage
height and extent of stage shell/enclosure. Fricke and Han's
work demon strated that ne ura l networks o ffered the
opportunity to shldythe non,linear interactio ns of the many
variables involved in the acoustic perform ance of conce rt
halls aod eval uate the acoustics of halls though the standard
deviatio n rat io SDR achieved (.. 0.90) left a 101to be desired .
Further, unpu blished work has ccnsid erab ty reduced the
uncerta inty of predictions.

In other work carried our by Fricke [14-1 5], the visually
assessed surface diffusion index SDI,t ogetherwi th Berdnek's
[23] other orth ogonal variables , the early iotcraura l
correiationJACC~3' the time delay between the direct and firs t
reflected sound at the centre of the main searing area Tl, the
early decay time EDT, the m easure of the average sound level
in a hall at mid, frequellcy Gm l4, and the bass ratio SR, were
used as inpul variables to train neural networks to predict the
acoustic qua lily AQf, of halls, The resulh of the neural
networ k analyses were u:><:d fir stly to inv·cstigale the
importance ofsurface ditfusi on(14J,and secondly thcy were
applied to the Concertgbou w, in Amsterdam, to sec how
changes in the ort hogonal variables might change the acoustic
quality AQf,of the hall [15].

From tile results of the neural network analysis, Fricke
[14J concl uded that Beranek 's approach to tile pred iction of
the acoustic perfonnan ce of concert halls is valid, however a
better way o f pred icting the acoustic performa nce may be to
use a trained neural network The neural network result s
showed that:

• using Beranek 's six on llogonal paramete rs as inputs, better
conce rt hall s are achieved with higher SDf values

• tile importance of SDl varics from hall 10 hall

• in some case s a re latively small erro r in asses sing the SDf
value could resu lt in a hall being ranked at the oppo site end
of the quality scale

Fricke 115) used the Con certgebouw data in a neural
network analysis to compare the relativcsmcrits of anumber
of approac hes to predict the AQI. Several com binations of
Berane k's input variables were used to tra in a set of neura l
networks and a second scI of neural network s were tra ined
using Beranek's input variables togethe r with the number of
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scats (N),andthevolume of the hall. The results of the neural
network analyses were presented as standard deviation ratios,
SDRs, and as AQI response surfaces. The SDRs values show
the degrecto which the data had been fitted. SDR value of 0.1
is considered an excellent fit, a ratio of I means that the
predictions are no better than using the mean value. Response
surface plot technique was used to show the relationship
between parameters and AQI. From the results of neural
network analyses using many combinations of input
parameters Fricke conclude that:

• Ando's four-parameter model (lACC, Tb Gmid, and EDT)
[25] is not as good as Beranek's model [23] (SDRs of 0.87
andOAOrespectivcly).

• A five-parameter model using (lACC, TI> Gmid, EDT, and
SDI) appears to be only marginally worse than the six
parameter model SDRs of 0.42 and 0040respectively.A four
parameter model using (lACC, EDT, Gmid and SDI) is
marginally better for predicting AQI (SDR =0.37) than
Beranek's six parameter model.

• There does not appear to be linear relationship betweenAQI
and some of Beranek's parameters.

• A Bass Ratio BR, ofless than 1.0 is preferred and is contrary
to accepted wisdom.

• It ispossiblc to obtain better predictions of the acoustic
performance of concert halls using IACC, T" Gmid, EDT, SDI
and Nor lACC, Gmid, EDT, BR, SDI and N than it is using
any combination of Beranek's parameters (SDRs of 0.25 and
0.33 respectively).

Rooms for speech

It would be very useful at the schematic design stage ofa
classroom, to have an expeditious and accurate method of
predicting the distribution of sound levels (speech levels).
Nannariello, Hodgson and Fricke [II] investigated and
developed a method of predicting the Sound Propagation SP,
in university classrooms. The SP is the variation of sound
pressure level, normalized to the source power level, with
distance from an omnidirectional source. Constructional and
acoustical data for 34 randomly chosen unoccupied University
of British Columbia (UBe) classrooms were used for the
neural network analyses. The results of this work showed that
neural networks trained with variables that have a causal
relationship to the acoustical quality of the UBC classrooms
produce reliable and accurate predictions. RMS errors for SP in
each of the frequency bands, were within the subjective
difference limen forsteady-statc sound pressure levels, which
is about I dB (i.e. MIE = 0.26 where E is the energy density).
Furthermore, results showed that SP predictions for classrooms
were in better agreement with measured values than those
obtained using Barron's revised theory [18] or the Hopkins
Stryker equation.

The good fit between measured and predicted SP values for
the four classrooms tested was highlighted by the high
correlation (R2 = 0.97). The average error and standard
deviation of the variations obetween measured and predicted
SP in the octave bands 125 to 2000 Hz ranged between-o.72
(0.35) and +0.69 (1.05) dB, confirming that in most cases the
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error was relative small and that predictions of speech levels
at listener positions were accurate to within the magnitude of
the subjective difference limen. Table 3 highlights, for
example, the accuracy of neural network predictions, in the 4
elassroomstested,intheIOOOHzoctavefrequencyband.

Small music rooms

A large amount of research has been undertaken on acoustics
ofauditoriafortheperformanceoflivemusicandforspeech,
but there has been very little research carried out on the
acoustics of smaller rooms used as music rooms and music
teaching rooms. Osman and Fricke [16] developed a method
of predicting the acoustic quality of small music rooms by
utilizing a neural network trained with data collected and
measured using binaural recordings made in the small music
rooms. The 36 rooms used in the investigations were
parallelepipedic withvolumcs ranging from 24 to 427 cubic
metres. A combination ofsimplc input variables for four
musical instruments (cello, saxophone, trumpet, and guitar)
was used to build a number of neural networks. The neural
network models were used to predict the AQI of six small
music rooms. From the results of the investigations Osman
and Fricke concluded that neural network models can be used
to predict acoustic performance of small music rooms, and
that room volume, reverberation time, and room height arc the
most significant elements that determine AQI.

4. NNA AND NOISE CONTROL IN
BUILDINGS

Bearing in mind that the method of determining the
transmission loss can be both expensive and time consuming
Coomes and Fricke [17], using the results from acoustic
laboratory tests on known partitions, investigated the
applicationofncuralnetworkanalysisforpredictingthe
sound transmission class, STC, and transmission loss, TL, at
specific frequencies, for different types of drywall
constructions. Basic parameters (stud frame size, mass of wall
construction, the inclusion, type and with of any insulation,
overall partition width, minimum sheet lining thickness, and
thedifferenceinsheetliningfromonesidetotheother),were
used as inputs for the neural network analysis. The total
number of training cases used in the neural network analyses
was 128 (this included walls with isolated or resilient framing
systems).

The results obtained were highly encouraging, with neural
network designs achieving predictions for STC values within
a similar range to those determined by a number of acoustic
laboratories forcomparablcwall constructions. For instance,
using data from the Canadian NRC on all types of dry wall
constructions a neural network was trained to predict STC
values within a RMS error of STC 2.01. The training data
included partitions with STC ratings between 32 and 60. The
inputs variablcsused in this case were type of studs (timber or
steel),typeoffixing(directorvibrationisolated),massof
wall,overallthicknessandabsorbentinfiltype(none,mineral
wool, fibreglass, polyester or cellulose). Coomes and Fricke
coneludedthatthemodelledneuralnetworksprovidedagood
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means of predicting STC, and that the significant
computational effort required by other simulation methods are
considerably improved on by the use of neural networks which
provide a less complex prediction technique.

Sound absorption coefficients

Current measurement techniques for absorption coefficients,
can give results from different laboratories which are more than
20% different. Such difference can mean the difference
between winning and loosing a contract worth million of
dollars. As part of the research program at the University of
Sydney, attempts were made to develop a method of predicting
sound absorption coefficients at specific frequencies, which
was more reproducible and less costly and demanding than
existing methods, by exploring the possibilities of applying
NNA. Neural networks were first used to examine the influence
of various air gaps on the absorption performance of porous
materials. The neural network analysis used 8 input variables,
the depth function (the air gap distance),the thickness of the
material,andresultsofabsorbentcoefficienttestateachofthe
octave frequencies. The analyses used a sample ofl4 different
ceiling tiles tested over a range of air gaps in order to leama
pattern of influence of air gap distance on the absorption
coefficient. The results showed that neural networks were
capable of mapping the absorption coefficients. In each of the
specific frequency bands the error between known and
prcdictcdvaluesofabsorptioncoefficicntswas5toIO%.This
work is continuing.

5. CONCLUSIONS
Indications are that concert hall design is ready to develop into
a more scientific discipline. While art will always have a role
in the design of concert halls, neural-computations present the
opportunity of to extend the degree of science in the design
process. The results of investigations carried out so often
suggest that neural network techniques appear to be particular
appropriate for application at the conceptual stage ofa design.
Neural network analysis approach not only considers the

possible non-linearity of the eombination of factors pertinent
to the acoustic quality ofa hall but it makes use of precedents
which are intrinsic in the neural network model.

The work presented in this paper as shown that the neural
network technique, using limited input variables, has been
successfully used to predict the acoustic quality of concert

halls and small music rooms. It has also been used to establish
and investigate guidelines and rules of thumb for concert hall
design. Furthermore,results of work in the areaofauditoria

for music and auditoria for speech have shown that neural
networks-though not without limitations-can be
successfully used to make accurate predictions of acoustical
parameters, at an early stage of the design.

Testing the acoustic performance of various types of wall
constructions and calculating the sound absorption coefficient
materials require complex and costly techniques which
require excess computer and analysis time. The work
presented here has shown that there is potential for the neural
networks technique to mitigate some of the costly issues
associated with the laboratory testing. In addition, the
technique can be used as design tool to complement formal
acoustic testing and at the same time provide accurate
predictions for STC and sound absorption coefficients at
specific frequencies.

The most general conclusion to come out all thc work
undertaken and presented here is that the results of the

investigations have shown the potential usefulness of neural
networks as design tools. Furthermore and significantly,
neural network techniques have a definite role to play in the
field of architectural acoustics and in the acoustic community
at large. Finally, it is hoped that ongoing research in this field
will lead to other applications and the development of more
robust [5,24] neural networks to further improve their efficacy
in making accurate predictions of acoustical parameters.

Table I: Descriptivestatisticsof averagedparameters,G, CgO, and LF predictionsfor auditoria'tested' usingneuralnetworks(see Ref.9).

Halls GMeas GPNN G Err C'oMeas C,o PNN C,o Err LFMeas LFPNN LF Err
1 5.58 5.03 -0.55 -1.96 -2.12 -0.17 0.13 0.18 0.04
2 6.54 6.74 0.20 -5.14 -4.13 1.01 0.16 0.18 0.02
3 3.41 3.08 -0.33 -1.51 -1.21 0.30 0.27 0.17 -0.09
4 2.86 3.09 0.22 -1.66 -1.36 0.30 0.16 0.21 0.05
5 1.58 1.30 -0.29 0.67 1.00 0.33 0.18 0.20 0.02
6 5.50 4.56 -0.94 -4.36 -3.81 0.55 0.17 0.18 0.01
7 3.57 3.85 0.28 -2.15 -3.30 -1.15 0.20 0.17 -0.03
8 4.38 5.20 0.81

G_Meas = Measuredstrengthfactor,G, (dB)
G_P_NN = Neuralnetworkpredictedstrengthfactor,G, (dB)

G_Err = Errorbetweenmeasuredandpredictedstrengthfactor,
G,(dB)

C80_Meas = Measuredclarityfactor,C80,(dB)
C80_P_NN ~ Neuralnetworkpredictedclarityfactor,C80, (dB)

108-VoI.29(2001)No.3

C80_Err =Errorbetweenmeasuredandpredictedclarity
factor,C80,(dB)

LF_Meas ~ Measuredlateralfraction,LF

LF P NN = Neuralnetworkpredictedlateralfraction,LF

LF_Err = Error between measured and predicted lateral
fraction,LF
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Tabl~2 'Descripli"~ su.tislicsof l)l,.'U'JlnC'\VoUrl<trainedwilltsetupfunctioo G -j(V. L_T,,kR.llio. Sr)llSCd lO prNiCl a'~ G""lues

fo r the 1 encl""Ul'e'Sfor which th~ "",ull ing It'Ga -0.95. SlJE"G ' - 0.39. AMv C" c: - 0.30alld RMSt.. - OJ 1 (see Rd. 10)

$,$8
6.54
3.4 1
2.86
1.58
$.$0
U 1

4,89
6.81
3.46
3.38
1.81
5.6 1
3.43

Errorl>«w~en meaJured and
predic ted valu~J (dB)

-0.69
0.33
om
0.$2
0.23
0.11
_0.14

'R'o

'Sld£Tro
' AM vCw o

Global corn ialion coeff".d enl bdweenth e ~ured and prediet<:dG

- Standal'd "';alinnof el'l'Ol"$ bo:tYottll lhc mea.<urNand predietedGr",the~ hall .(dB )

- AMolllle aver:age error betweenlbemeasllml andpmli eted G. for the """" halis(dR)

• Rool mean fquare emrrbeN.~theme,,"ured and predictedG,ror lhc KVm halls(dB)

Table3 .Descriptive w.lisrics ofa~l netwoJl< rc... ltrorSoundPropagalion, Sp,prcdierion. fOr4el:umlo:rmlo " at oul of 20 1i. let>etposilion
intbelOOO Hzoctaveband, SP -$OUIld l"ft>Urelevel minw;sound power level lLp-L w) at tIw f'O"ilion (d B) (see Ref. II )

Cla,.roo", !<Q,(",r M)? P_N "et RL C" _SP' NN_RM?i

0.' 0 -6.16 ·4.92 1.24
1.00 -9.39 ·9,S4 -0.15
2.00 -15.10 -14.05 1.65
5.00 · 185 0 · 19.19 -0.69

10.00 -20,50 -21.50 0,98 -1.00 1.01
- - -ci - - - - - - 0.;0- - - - - - - --6.t6- - - - - - - :{ 2S· - - - - - - -- - - - - - - - --Ii.of - - - - - - - - - - - .

1.00 -9.39 -9053 _0.14
2.40 · 11.80 ·U.12 -1.32
s.oO -14.40 - U. 63 0.11

10.00 -14.90 -14.73 0. 11
15.00 · 16.00 . 15,42 0.96 0.S8 0.68

- -Ci 6- - - - - - 0.;0-- - - - - - -_6.t6- - - - - - - : 6':'li - - - - - - - -- - - - - - - - --Ii.of · - . _•• - - - - . -
1.00 -9.39 · 8.B4 0.S5
2.00 -12.10 _11.14 0.96
5.00 . 11.40 . 11.35 0.98 0.05 0.5 '

-- i::if - - - -- o.; 0------- --i.1-6----- -- : 5':'9S - -- -- - -- -- - - - - --- ii.i ( -- - - - - - - - - - .
1.00 -9.39 -10.11 . 0.78
2.00 -12.60 -13.3S · 0."
5.00 ·16 60 . 16.20 0.40
9.00 -19.40 -17.54 1.86

' R"" Distance be!",.,en 80und 8Ollrcc and liSlcncr position( m)

' M..5P Measured Sound Propagation. SP. at listener po,i rion (dB)

• P..,liNd Neural network prediction. of Sound Propagation, SP(dB)

'R' CoclrlCientofdctcrrnination {eon'dati on cocfficienl)

'C"..5P &rorbrno""n~anJpmlictedSoundPropagation,SP(dB)

fNN.,..R.\f S 1llerool rnean",!W1M emII"of meuurrd and pmlicttd Sound Propagalion. SP( dB )
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AEROACOUSTIC NOISE ANI> THE MOTO R
VEHICLE: RESEARCH AT RMIT UNIVERSITY
Simon Watkins, Peter D. l\Iou~l~y.

J unett e M il hulo; and t"lroz Alam
Ofopt. of :\oI t't hlnlnl ••d ~hn.fK1\1ri.1 . :.ci lMft'ing
R'"T Uni~nity•.\ Id boume , Alldral; .

AllS TRACT : Wllh C'\'n)' _ model olc.,cuswmen npcd mtuerionI in noioea..t ~_inn:f~ ~icnoi!IC pllyl

."gWf,""lrokil\ftdu("'llthcl'"ttJ'l_ofqllalltyol.vehic:lcandlh~vdIiclemarMlfactun:n_plI«.hichpriorttyonftdur;i...

lhioDoitc. lnllUpapn... ~of~_~noi""lOlIr'CIeSin..mide:s.,andthc~bbllin.conducte:dlllIl.MJT

Unn'aSlty ... hm«~andrNlcc ic"""".iodiscus:sed..

I. I~TRODUCTION

n.eilUIOmOtiW (:OIWIII1C:I1'IDW hn . ",ide choitt ofpol:eDIiai
vehic~ and the ....00 Mqll.llityM of w whidc plzys an
;OCfg.. in¥1y imporunl role m whick .dccuol\. Recall'le of
this. vehicle ITWIIlfacnm:n Il(M' place ronsidt-nblc emphui.
onthenruomc:rpert:qllionor~hry. Incareompa.nies,the
INjl.riy p( -n if pn10rmcd fur in<Jobin mund quality and

.. t" lsl llus un e>.tcndto the opmi"l and closing DDiscsof
QOOl~uSUl:hasp..itdles and doon, the O'"enU IOUnd
quality undetrypicaIdminll (Ol'I(\iliMs is I lliGunportanC. ~

IOtbe dforu oftile r-:ngn vehKk IIWIUf~~I~or
ooiw , vibrarion and Iw*1nlI CIOYH) bave been~ for
car mcdunical ronlpOllCflb (eng;no, drivetrains and exhausts

forcurnplc),ilUfhthal:ilCfOO)'lWlliuJlylto:no:ralCdnoiseand
vibr.l tiO!l i........ . ery.i~i rlCaJll. A goodO\'l:fVicw can be
found in CXorgeand Calli~cr I IJ

In Ausualia. car lIWluf~ Uve dedJnled noi"C.......

vibmion I~ and~ are can.idmlhlc e-.pmrn.-nul and
_ly1al lIlrengltn: in Univenlh~ Tho:J'Ufl'05eof !his paper
is 10 l ive a broad overviC"A' o f .crodyrwnically geeceatednoillC
rt levant 10 cars, dct.oihng MKne of the m«hanislOll lhat
Ilcncrate noise, and 10 give in~i ghl inl0 the work !hal is oosui ng
I I RM IT Univen ily.

2_ ,\l l::C IIANIS) IS TIIAT GENERATE WI f\r; O

:\OISE
Acrodyrwnicallygcncratedooiweanbc prodllCCdbya lange
of difTCTC'IlI Ifl<X'hanisms , For the rela li" e1y low s~cd.

incompr essi ble flows around road vehicles the main
mechanisms arc:

• Asp irat ion noi sc, c~ u"4.'d by the leakagc ofai r inor outoflhe

cabin

• Scparatcd nO:Jlnth3li lllpingeo ns urfll;cs,examplcsof which
indude the reattach ing flow around the A· P,U:lB and Ihe

wak" of milTOA

· C.-1ly_induccd no,sc, w'lh cOllpl ing~lhe o;avi'Y nuid

01: structure and the "atmor now (HelmhollllnOlWlCe for

e:u mpk )
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• VOOC'll Ulcdding fnxn bluff boo:hes, attxbN 10 lbe
Crdalrvely sueamlined) body of w vehicle

Tho:resulting noiMS depmd IlOIonly on w medunisms..
but~ also very dependenl on the rcbtiw air velociry. .. iUch.
(:IlllllCludetbc:cffCC10fya>oo'anck(thc&l1llkbc!...~ lbe

;apparmt ...md,aspcrcencdbylhcrnovingvcllide,and lhc
vehickcnltrdinc). SUICClhocrcl.llvevelocilycxpcricnccdhy
a rooving ,-chick is the 'cc1or dlfTcrmce of tbe wind~
lrclati,e to !be pound surfacr) and the road~ of the:
vdIicle_lbcgustsinlhratmosphcrchclpgnlCn1Cwindnoi~

t"allOUOdinlcrmincnllfordcWls,seeWalkinsl11J

1.1 Aspint iooNe h.to

A,;piratioollOlSC:isll5Uallyinsipf"tCaJ\tforl_ell_sc.alcdcar.
HlJWl:\c:r, due to Ibc:JlR'S5L1t'C difTtmlCn lhat exist &roIIndthe
moving vehio::le l ...f1ielt. in strong cross...;. can Vllty

considerably with lime) and dYIWll K:body llc~ (duo:to road
i npu~), ITIO'o'C1llCll1 ofd",or 1lC1I1'C<ln still OIXur and in some
cascs can penni! JI ICJlb gf; throu gh a .ca l. "i ben this cccws,
significant, ,hart-term noise a n be geeerate d. CJlr
companies now place coo~kIcnIbIc cmpha.f.ison lNi nlllininlJ
effective sc.alingofthrOOdy \In\krthr .. iIk "J'C'Clfum of
opcntingoonditioos

I.I St'panlf'd FlO'" Nnkr

Much of the lerodynamically gencrated noisc that ~achocs !he

cars of vehicle oc<:upanls comes from the surface p~ssurc

fluctuation s aris ing from I sepa rated vertica l now that
orig inates from eithct , ide of the base of the A-pilllU1i (nute'
thc A-pillars arc thc inclincd j oining members between the
edgcsofthcwind....:rccn and thc side willdowa). Fol many car
shapcs, the locl lfiowbreaka awayfrom lhesurfaceuittrics
10 turn around tile A-pillars and the inlenn illency and
rea1ta(:hmenl of tbe now to the side willdow cl n generate JI

broadba nd wind noise. For a given relative velocity, the
strength of these vortices (and hence the nnise) de:pcnds on
the yaw angle, which in itselrdcl""'dsun the strength and
orientati on of lhc almosp heric wind (Ke Fil!ure I fur &ample
noise spectra, from within a car, al positive and ncvativcyaw
angles). When y... 'C'd, !be leeward aide Vortcll is of ,lrea tCf
size and strength than Ihr wtndward aide vortex andtho;rcfore,
lhc ooise Ollthe l«tidri,gmcraliygrcatc:rtball the windward
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idcnti fitd N.-'Ogeoenl types of ooi"Ca-,."oc ialcd with cavilics·
a broadband noise thai m1ulls from both the leaJilli and
trailing edges oflhe cavity;. and tonal noise . The types of
tonal cavil)' noise produced by diffen:ntconfigunlions and
!he varW ion in frrquency of thc noioo:hn~ hem diaaDscd in
I. remw by Rod_ IIand ,,"I.uda..cher (4). l oon can be due
101. numberoff~k IhI:Clwlimu. Tbevlt1C'l:bmisms can
~oonfincdlOthe cavll)'shcaria)U .. -hileotheniJMllvet:hc
cavil)'yolumc:iUldIorstrueltlR losmeratelOlla1noisn. Tonal
noise mechanisms confi ned 10 the shear layer han I.

~frequmcythatisa fwo;tion of~nlocil)'

lJ\Ifft!leca'o"ity,whiletMiTampliludelkpeudsOllcavityedge
8rometfyandsbearlaya-propertin.f«dba<;k ~and

shc:ar1ayertOOCSalt'an eurnplc of this type of mechanisrn.
M<"Ch.anNtn. lhat mvoh..: the ClIV ii)' volume or strurnIrC ha\<e
~fmp.ornr.:ie5 lhalare indqtmdcnlo f~

velocity bul dcpo:ndentonCllY Il)' goomctry. Thcamrt ,tude of
tbese rnedwti\offls i . dqro:ndmlon lbe shear Iaye!"rroper1ta.
fRcstrnm vclco;ity and U VIl)'g~. A goodexample of
th is type: of lt1C'l:hanism is Helmhol17resonaoce .

Much tneal'Ch has been published on a."PCCls ofton~ 1

noise production mechanisms but most studies have been
focused en cavity end flewscales pc:r1inCTI t toaircrafl; thcreis
a shortage ofpubli ~hed data rclevant t<l automoti ve cav itY ilnd

flow sca les . Experime ntal and theoretical rc. earch is
continuing i ntothc paramc lcrs t hal alT~t!iOmc lype. "fcav i ty

noise (Ahuja and Memkll.8 (5), Milbank el lJ/ 16jll1 d Howe
(71). wilh a view It> better unllcn;LlfIding 11M:mechanisms and
ways of reduci ng lonal noi-;e

2..l \"or1e~ :'f;obe

Two and threc--dilTtC'nSion.lIl bluff badin Imd 10 periooJCal1y
shcdYOr1ica.~e,tbevdlide itsclfshC'dsvorticn; YOr1Kn

ar.:shedfromthe~end oflhe \'dUclc...bcre tbel1ow
scparatefo.andfrom aroundIhe A-J"I~ \brI~ areal!lO

$hcdfroll'l~on tbe \'ehicle.Tkse illClude Krials..

roof~l'I.("k bars. and exlerna l rrar- vino mirrors and a
con.sideratMlot ofthe>.candthe_iatNfIowflddbubcttl
gn.:nin Watl:ios andfmI....ld (8].

\'orlell. 5hcddtn,gnnriK ~l1ucruatmg forces on the
bodies in both along and n-ouw md direttions.and thus
generates aerod ynam icall y indt.>CCd noise. The primary
f'RqUCTlCY of lbe ooise generatedis at the vortek shedd ing
fr~uo:ncy. with some minor harmo nics. For very kw..
frC'ljucncies. the vonices tend 10 modulate highcT frrqucncy
noise thaI may be presen t. The Stroulla l mallber, S, ddincl
Ihe frequency of vorICli. sheddi ng and henee not!le; S • jDlU
where f is the VOr1ClI. shedd ing fmt uency (Hz), U i. the
frecslTeam velocity (mla) and D il the body diameter 1m). For
the range of flows encountered by add ana 10 the elf (both
circ ular and prismalic, such as aer ial. and roo f racks
res pectivc ly), the Strouha l number can be con side red
es~tial1y«>n8llllnlwith velocil)'-(ypicalvatuesarefrom

0.20 to 0.28,dcpend ing on the body shape . h ll'1her deta ils
QlI be found. in Inllodedicll ed 10 flow_induced noise and
vlbntion.such U Blake (9) and Blevins (10). Vonnshcddiog
from I. vehicle body is more comp lex and not complctc:ly
undentood. However, tewardw:n have tended 10 U!IC the

Fi...... 2: Fk- Ofllhc fidcwi:ndlM.+ U· .,., l fruoaIll....
8lIdo-.ld rl n

FiJllR' }; F..... on \be ,ide ....indow at - IS· yaw (fiom W;Ukins
and 0Il .... 1dIIJ)

2.J <,·.v!lyNo!w

Caviliel. come in many shapes and sizes and exiSlin many areas
of a produc tion ~hide. Examp les include door and pane l
pps. open awuoofl., open windows and wheel an:hes . For
applica lions that are specific to vdlicies., Geoqe (I) has

FiMW"C' I: Samplcnoi... spc<:lra at 100 kmlh. t-6· yaw

side ~C3ll5C of th is effect. Many studi n o f the A·pil1~r n.
have~ made lW~tma~ l't ..1 (3) for eumpk) and much
eomrnm:i.al woR is carried out in !he early dcvelopmmt SUoge'l

of new car models. Figures 2 and J .haw !he diffrRoce in
n"," for yaw angles of J:15 degrees. For lbc windward side
(+15 degrfts)!he voncx has disappcarN and. thus the n........ is
alUCbcdand Slea<Jy, .....!left'as fOC" die I«>wrd side (-15dtptts)
the flow is ICpABICd and very UfL-;tcady, U iIOOwn by lhe
-..mC'\IlMl random dim;tion of the .. tlOI rulU
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1. lhpe rinlt nlal Flt llitits

Figure7: Plan viewof lhc RMIT University Vl ind Tunncl

1.2 Curre nt Rn u l'l'h Programs

As well as conune rcial developmen l programs lhat arc
undenak en by lhe /car and com ponent companies,lhere are
severa l bas ic researc h prog ram s sponso red by the ea r

Acoustic
hming

AeoL/$lie
tilrring_..~~~~: .-t-."oc-+-.+--'VIln.,

Tn t
,eetion

There are I" " relat ively 'l uiet Ilmncls in Atu;lral ia lhal can
aeeepl full-si/ e ca rs- the Monash University I MW tunnel
and the RMIT University Tum,e!. The Munash 1\mnel is an
open·je t lunnel (i.e. il d" es nol have s" hd bnundaric'1ic10:sc10

the vehicle, inslead Ihe vehicle is immcn ed in aje t thaI issucs
into a plenum cha mher). In con trast, the RMIT Tunnel is of
the lradilional type.where me tes t section is enclosed by walls
and a roof. As pan of a recent refurbis hment, acoustic ally
treate d turning vanes were installed. A plan view of the RMIT
tunnel is shown in Figure 7. Car and component companies
use both of these wind tunnels for commercial and research
work, oftc n in co nj unct ion with postgra dua te research
stude nts.

In add ition 10 the major infras tructure, instrumentation
includes: a Head Acoustics Aachcn binaural head system
(which can be seen in the car in Figures 3 and H); SPLmeters;
multi-channel DAT recorders: and an el lipsoidal, dish-type ,
highly directional microph one of lm diametcr.

J . CURRE~T RESEARCH PROGRAMS A:'\D
l'i\ CI U TI ES AT RMIT UNIVERSITY

Despile producing leSli dum W. of the worlds vehicles,
Australill is well served in reslleClof facilities and undc'Ttakes
researeh that is. of intematilH'al significance. Austra li.ll's
largest vehicle aerodynam ics and acroacoustics research
group is loc med al RM IT. An overview of Ihe major
in frast ruc tuTc.' and research p~rams a l RMlT is given here.

figuteS:Noisc.~trurnfrorna$WIdardlClescopieaenal

(fromCzydel [t2)l

Figure 6: Noi.., spectrum from I ""ira illround aerial (from
Czydcl [12))

vehicle width as the characteristic dia meter, as this typically
prod llCes Slrouhal numbe1"iin lltc l'ame range a~ quotcdabuve

(seeNguy~ [ IJ J forfurt ltcr de1ai lsJ

An uample of vortex shedding noise iS lhat emanat ing
from circular, tclescopic aerials. Shown in Figure 4 is a
stand ardleJescopic aeria l.adjacenltoanaerial lhal haslxt:n
man ufactured from a tapered stalllJess slce l blank inlO which
has b«n grou nd an optimisedspiral grind . Changing Ihe
ctrcula r secdons into a shape that surrresscs co herent ve rtex
shedd ing alunglheuis leads tu a lallle reduction in the
rildialcd Illli§c. Figures S and (, <kpi<,:l thc I"Csu lting n" ise
. pectru m alld lhe rcduction in the peaks in tltc sped l1lm can be
clearly seen

Acoostics Austrat~ Vol.29 (2001) No. 3- 113



com pani es and by t~ Austra lian Govern ment ( via the
Au,lrahan Re~archCOlincil). illC ludinganin' cstigation of lllc

iMcrmill ency of in.cabin wind noise. As vehielcoccupaIlls
noliee noise SO\lf"CCS that fluctua te in amplilude more than
noisn of constani amplitude. u is importa nl 1001 wurccs of
fluetuatingnoiscbe ill\"eSl:i gatedduring a Vt:hielc~lopmenl

progra m. Howcver. aeroaoollSlie noi~ sourccs often fluetuate

in amplill": because of Ilectuatioes in tbeatmosphcric wind.
bIIt the wind Iuilllels used 10 evaluate wind noise geecrally
feature very slTIOOIh airllOVo·. Hence , noise fluctuations
gC'fI('Bllydn not occur and cannol be evaluated in thcse wmd
tmnels. To ao:Idn:s5 Ibis. a program 10 better undenUnd Ute
ooiscfluetuationsiabeingundcrtakCfl. ...ilh lhochopc that
mull> from thillprogramcan be used to dl:velop a ayUem that
allows fluetuatlOm lo be 'addcd' to noise mea.sured in a wind
lunncl. The ma in aim is 10 be able 10synthci ist on-road noise
from noi..: mea.<UrCdin a wind tunnel 50 that it includes some
of the fllJl:!uations tha i are expen enced on-rea d. II is also
eJlpectal that lyre noise and me<:hanical noise could be added
to the wind noise measured ina wind tunn el.grving engineers
a more realistie prediclion of the noiscsthat will be present
when a new vehicle is driven on the road Ihmugh " real"
almospheriewinds

To investigate the links between fluctu atio ns in the
almosp herie wind and modulation ofs ounds heardwithin the
vehicle cabin, veloc ities around the pa......cnller· side A-pillar
were meaSlJred sim ultaneously with the noise in. ide the cabin
duringacomprehensiveo;erics of lo;>;bpct"formc:d on-ruad aruJ
in the: wind tunnel . Veloc ily measuremen ts were performed
with 4-OOle, 'Cobn' ~ure prom that allow dctcnni l14tion
of lhcvelocilyinl-compoocn~ andfluetualionsofvelocityof

up 10 1500 H...to be rneas....ro(which is ...-ell in c>;ccuof lbe

fmIuency of the major fluetuariom in thc 8IInO>pherc. which
ar-ctypically less than 10Hz). The noi se mcuumnenl$ 'M:I'e

p-crfonned wllh an ~chcn binaural hea4 $)"SlmI. which is
sho-.s-n in Figure 8 along with two Cobra probn (one upsreem
of the A-pillarand one1loCI;I IO the sid-c window).

Figw-c9show's a umpkscctionofdiIta lhal illw.tratcs a
linkbct~ ",~ndwelocity fllJC1uariOlUandintmorooiloe

fluctua lions. n.ctop time trace s.......-s the ...~nd veloc ily. with
the mean 1'l:'II'IO'o-cd.while the cmlre time treee shoIv's lhe local
yaw angle, also with the mean removed, Thocbonom lime trace

shOYo·san.l""sentatiOllof interiornoise flucluation, which has
unde rgone signal proce~sing to emphasise the fluctua lions
Strong com: lation between the velocity and noise signals is
ob'erved, and the eohcrenee for low ~ucney ( l e!lS than 8 I1z)

fluctuatio ns is foundto be above 0,8. This, and oIher similar,
data hove been used to synthes ise noise in windy conditions
from wind tunncl data with encou raging result s.

Data from on-road testing are also heing processed 10

separa te end provide information about wind noi:<e, mcchanical
(mainly lransmis.sion) noise and t)TCnoi se -in pract ice this
prOS'CSdifficult. as all three noisc:sourcc s OS'erlap in tcmu of
frt'l ucn<:ycon1enl anUwhile lhe me<:hanica l noi-e is relati, 'cly
COn.SWlI. both the wind ecce and the lyre noise fluctuate with
h~
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f iguR' 8: Set-up r", "tO'inr;l nmnel and.....-oad~ing. "'-ing
nmCobraptobnand .,Mchcnhead

Figw e II: Sample link bct"'CCll \'Clocity and y_ anile
nucnwiom ond moduLoliono f the $OUJIdpressure~t

In add ilion to the provams that involve direct measurement of
soundand vcJocity• .....,nis oogoi ng oothcm:luctionof
surfac-cpressure fluctuations near the A-pillar. \\ 'hilsl !he
hydrodyna mic pressure fluetuatiooscan be I dim:! eeusecf
noise ,anoIbcrway lhat sound is gonerated m the car cabin is
by the SUrfl CCpres$ure lluctua lions excil ing the car strueture.
part icularly the side ....indow glass.. In order to r-cduc-cthi5, an
increa se of the A-pillar radiu s is required . To lISSC5S the
influence Of5i7.'C and shape o f curvature, and to ascertai n huw
use ful scale models are in the very ear ly stab'e of car
developmcnl.,a comprehensive program of tests measuring the
surface pressure Iluctustio ns in tile A-pillar region are being
carried out (Alam [13]). In Figure 10. two very different
geometri es of A-pillar can be seen and the influence on the
surface flow is depict ed using wool tufts. Addil ionall y,
microphoneshavc bc~nflush-mountedatvariouslocations on

the surfa ce in order to measure fluctua tions in surface
prcssure. ~pres:;ur-c fl uclualionsarenofl-d imensionalised

by lhocreference dynami~ pressu re, to give CP....The vana tioll
in Cp.... for varicus radii or A-pillar can be:seen ill Figure I I.
It is seen that radii tighler than O.3m kad 10 a signi ficant
increase ill thocsurface press ure: fluctuat ions. par1iculatly on



the l«WaJd(negative )aw) s idc. All of these measurements
ate a lso co mpa red w ith s im ilar wo rk carried o ut on production

C3n1. in bot h the wind tunnels d escribed above and on -road,

with. viC'" 10 determi nin g sca hn g la"'s for aerody n amic ooise
betwee n mode l scal e and ful1-M:l1letcst in g.

Figure 10: c ompu;"ll the inll""""e of A-Pillar radiI" on the
l\ow andPfC"'lUIClIlICtUiltiom(bolh from Alam [ll])

.. ... _ ........ _ _ 1.... "" .. . _·· .. ...... · " ,

.... ... ... ... ... ......

"
"

... ... ... ... ...
......... < .

~ ..._---

figure' 11: Fll1C.... tinll Cp rrns V,n ation with l ou l A· Piliar
Radii. Y... _ · 1~·.O'and "' l~·

FUTURF.DIR[ CT IONS
The pre«ding discus sion has g ive n an crverview o f a utomOl ivc

acroacou <tic no isesou n:cs a nd thc:l«l:ntn:scan:h llrUti

cen ductcd a r RMIT 10 bette r undersllfld th ese noi se """rce s

Woti i songoi ng inall ofthe an:asdiscussedandnew a~asare

Acouslics Australia

sta rting lobe investigated, with lhe a im of provid ing vehic le

man ufac tu rers with mo re pow<:rfll l des ign a nd analysis tools

fOT the prototype and development stages of a new motor

vehic le
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4 Th r-eo:mierophone second -order vinua l energy density

ED, ~[e{;h)pl+~P2

~Plr
~ ( 2t;kpl _~P2-~Pl)

£D,=~ [(I + ~ ) 2 J1_ ~ ( I+ ~ ) P tP2

+({,)';' -~(Pl -2"",+pl)1

3. Two microphone. first-o rder virtual energy density sensor :

Where x is tl>cdistance bctween the obse rverand the oearest
sensor, h (25nun) is the transduce r separa tion distanc e. PJ,Pl

and PJ are the measu red pres sures, Px i. the pressure at (he

observe r location and EIJ:< is the time averaged energy density

at the •.merv er localion.

2 Three microphone, second-order virtual mic rophone

With re ference to fillure I,four /( ''''''UI'TI Ji/f..,..,IlCftp,..,Jiclion
virtual sen.,n r.• aillurilhm~ arc sum mansed a~ follows :

1. l'womierophooe,first-oru.:r virtual micTOphonc:

P. = (p-z;/ ll x +P2

2. THf.O M,\ ·

Vi r tual sensors in act ive noise contro l
toO n tl'lI,Han w n an d Cu J:olalo
AII1!:u1t200 1 b~Ul' \'nl. 29. p.57

A technical problem made the four equation~ hard to read and
a legible versionis grvee betow.
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" DODEC" SPEAKER CONSTRUCTION
Peter Patrick
Sdfntiflc '\con t i(s
10 " u lh SI. To.... tKlmb. 435(1

If )'OO""ve "'XMional ne<'dfor l d~""<"draIIoIld<P<'alfr. and would build oro<:)"'ul"Clfhut for lhc compoundmitte joint<in~ol~
this process coold hc forYOII

The " st Itch 'n glue" proc ess is wel l known to plywood boat
builders. The outcom e is def initely more certa in 10 be

successful from the cutset than a compound mitre affair and it

wi ll definitely be stronger by several orders of magnitu de .

Strength and Beauty in the fin alprod uct as with any project.

arc a fair measure of you r input In this case howe ver, the sk ill

levels demanded by com pound mitre joints are no t requ ired

lngredier as are: (a) ha rdwood plywood 9mm - I sma ll
,hL'd, (b)epo~y resin -cHitreatthe most, (e) SOmm Fibrc G IMS

tape - I roll. (d) miero- "f!here fi ller -55gm. (e) soft co pper

wire appru.. lmm diameter, (f) very low cost paint brushes fur

applying epox y leach wi ll on ly be used once).

9mm plywood can be obtained at most hard ...are stores.

System West have a comprehensive disp lay at

www*rndriyc:scom. l .wggest 403 Mic~'Phcres. 105 Resin

and 206 Hardeeer, The slow han:kner gi \CS time for tnc liquid

epox y 10 be absorbed inlOlhe surface of the plywood and form

a "'ron g hond o Pnly<:>;lcr resi n is not recom mended Most boat

builder supp ly the hard ware. and ships chand ler shops can

supply the' gla•• tape , the cJl'O><y resin and micnrsphcrcs in

smallq uannncs
Thc: lou<bpC'akC'Tswill be " front moun ted" or secured to lhe

ell.lerioruf theL"Umpletedendosure. lt js therefore necessar y

10 purcha~e the kMJdspeak ers and measure the back of the

mnunlingnangeto aSl:erta in the si7.<,;of clearane e hole tequ ircd

- tbc hole diameter musl clea r the tapered frame bot ~uppun

Ihe tlat portinn of lhe flange.

Mark out a pa ttern pentagon from scr"P 9m m or 12mm

ply....voo d. Starthy scn bingthe circle for the speakcr moumin g

hnle with a compass . (In my case this was exactly lOOmm)
Using the same cen tre sc ribe a larger circle within which to

eonslrnc tynur pcntagon. Mak.e sure there is a nice so lid palch

of " land" around the speaker hole and cur thepeotagon out

from tbe scrap ply. Drill a pilot hole (I l8 in or Jmm) in the

centre o f the pattern . Do not cu t the spea ker ho le out.

Use the patt ern 10 mart out twe lve penta gons on the 9mm

sheet. CUl the (lC'nta.gon face s 10 sizc and use the pattem as an

ovcrlayto pilot drill the centres of all twelve faces . Use a meta]
cun ingbladeina jig~w for thi ~loobtainsplinterfrecedges.

Note tba t rebat ing the e..terior edgcs is opt iona l. I did this witb

a route rSC1.toaboot l mmdepthloa widthof approx imatc ly

2Smm. Drill two 500311 ho les (approJ[imately 1.S 10 2 mm)

alongc3ch edge of each pentago n.

Acoustics Australia

Cut Inc coppe r wire: into lOOmm lengths and "stitch" the
pent ago ns together through the 1.5mm holes near the edges
As.'<':mble all hul one face into the familiar baH shape. Keep
the fa~sa l ignetl at the i ns i deedgeand maintainancvcngap

or " V" in Ihc exterior j oin ts. A few gaps in the jo inery are no
prnh1cm at this 5tage

Nc,tmi, a batch ofab outI Ota hlc-spoo nsofepo><y and 2

of hardener (or whatever proporti ons arc speci f ied by the
manufacturer), and add micro-spheres a little at a lime umil a
~t puny eonsi.tency is obtained. Note fhat It fa eou ntcr
productive to mi, a large batch of epo xy and hardener. The
che mica l reaction generates hea t. ...hic h ill;lja tesprernatur<,;

curing of the Cf'OAy. Please note the man ufactu rers material
safely data sheets and appl y whatever precautions are:
recommcoded for the sak.eof your health . Somepeop le m ight
contract derma titis trom epoxy and brea thing Inc vapcurs
might not be good fer ones health

Now plaster the "pu uy" into the gaps. I recommend both
inside and outside for max imum strength . Fibregla ss tape is
weakened by sha rp bendsor kinks. Filling the inside of the
joint~ in IIsmoot h radiu s is recommended. Ensu re the exterior
gap is foil. A photog raph of an enclos ure at this stage or
construc tio n is shown in Figure I. OnceIhe plltly hasset, cui
out the co pper stitchcs and san dpaper the inlerior and e><tcrio r

jo tntstc a smooth flnish .

.·igure I . "the speak er bo.\, ... . itched'" with coppet" wire and

"punieU with epo..y resin. One f~oflhedodecabedron 'lill

ha.1lo bca lliiChed

VoI. Z9(ZOOl }No. 3 - 1l 7



CUl abol.M30fihreglautapc stri ps to thc le ngthofan in~ide

edge o f the [)Q DF.C and paint the inside j oins with

CJ">II.y/hardmcr mu . The fi~la.u mi ps arc then applied

Icn&th-wisc . Ionll eac h jcen, Paint CJlO~y l1VeT the 'ltnps I/)

CMUIl:Ihcyan:_ll fillcd wilh cp<>ll.y Anylcll:-l;J\"tt resin

should be mlxcd .....ithm~anduSC'd lo fillrcmaini ng

Iloln and irngularitlcs. II is prefcnlblc, in Ihc opin ion of thi s

wnter, 10 di5CM\I!bel:tru>.h once the cpo~y Ius hmJcncd il l/) '

useles s slab , rather than pu rchue CJlO~y thinllCl'" dlcmicals and

dean the brush all:er use. Note: wi !be m..qlus !'trips _ II

before mixi ng lhe cp<>ll.y and hardcncr lO avoid con~m inaling

sduor bbdcs with CJlOAy. Trim Ihc f ilial ply.....ooprnI agon to

fil lhcl~ hoIe .....ith a hand plane or sandpllperand putty it in

place.

On~ lbe cpoxy Ius se1 in the I. Sf pc1Itagon, sand the

exteri or jo ins 10. smoo lh fi nish in readi oess for ee fi~lass

Iapt'pro«s-s.Radius.lledgn .....idtundpaper andapplylhe

CJ"D'yand fibfet la» b.pc:.longtbejoins. O\"erlappmgatlhe

t<lf'Ot'f points_II is good pract~ 10 fi lllhe tape ....ilh plen ly of

d earep:.. y_S'-"'Jln'd the enc10wre un. hook Ihroop. pilo!

bole 10 .void pennanenl adhnioo 10 any surface in conuct

. ith iL

~c:lI\!5C'!hepikJttenlR1lO(UlthehobfortbeopeakCf'S

I QtqJned exee lknl mulU lISing a lOOnunftud diamtler bole

-".A!lkilled~"'ltb.~jig_mighlobuio.

similar 0UI00me. Reach in Ihroop!he lIJlC&I.cr holes10 putty

the i..ldc:of the UlmlptdjoiltSorlhc Ia."" JlC'lla r"l face lObe

glucd in~.Sl.Ddpapo;Tlhi.lutKtof flVCjoinllO 'omooth

r.tdius andapplyepw;y.nd lltre .. d~, lf you lutve

rd>atedthe«tcrioccdge'loflhef~plastertherebaledarea

with cp<n y and m icro-sphere putty 10 proo.-ide. smootb

e~lCIioc. Sand the exlC'rioredges 10 • ilrfIOOfh radius and fllli.sb
whh fin e pap..'f (approx 240 Vo\.'1·.nd-dry papcr)

AUlomot:i\"CaNUS! pipe cen be u.sedu a mounling po int.

Spe:akcrlllal1dll (3Smm) are .nodd siu(for . utulflO(i\ "C exhausl

insla llcn) 10 I had. piece of e~""uM pi~ 51re1ehcd al one end

to mak e . snug fil 011& "J'C.kcr stand. Cut three ~Iob wilh .

hacb 3\" at appro _inwely 120' interval. in IlK' unstrercbed end
o f the pipe. Bend the taM 10 fi l one poinl of the box. A

phologra.ph ",f an enc losure 1I this a1all'lofconslNCIion is

sboY.lI in Figure 2. A lOCke! fi llini for an aoou"'l ic guitar

shou ld have appropri. tc mounll ng Ibn:ad or nange I/) mount

propcrl y on thc 9mmply....oed encjosc re.

All that is ncc&:d i• • coa t ofpll int and . set of spea kers. I

co nnecte d f" ur s.'m·s-c o nnect ed "Cit eac h of thr ee g ohm

~peakcrs (24nhlTl5) in pafll.lIello f"rma6ohm lood, Takc eare

to ens ure al1 lu ud"JlCakers are co nnect ed in the sam e polaril y.

I also added • switch to pe rmit opera tion with ju.~1 one

loudspeaker. rhus app roximating. in rather vague leno s, the

aco ustic behaviour of the human head A comp lete d

lo..<brea ker i. 5hown in ~\gurc 3.

118 · Vol. 29 (2OlI l) 'to. 3

Figure2 . TbecomplclCd.nwapeM.crbo1........ in.thc-"-PCd
jomIslllldtbcflXiDJ:bndct.

Fi~ ), The completed dodcI:.hcdnll spealcr bol< wilb
"I""'keTS1JIOlInted
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IMPL EMENTATION OF NSW NOISE POLICY
AN UPDATE
GeolTMellor a nd Vicki Labb a n
NSW En\i ro nm fl'dl Pro lfl'(lion AUl hont}'
PO Bol A290 , S, 'd nfl'}' So ulb, ;'Ir; SW 1232

This is aor t!dirfl'd venio" oj the prese matiOll at tire NSW
Div!sional MITti"gi"AugusI]OO/ ,

HACKGRO UND TO TH I<: NEW NOI SE
ro t.reus
Over the past J 10 4 years the EPA ha~ bee n buildin g an
improved po licy platform for dealing with no ise polluti on in
NSW, Thoro ugh resenrd l, co mprehensive consultation and
e~'<lIlom i c analyses of changes has resulted in more robu st
policies that have a wider owne rship by stakeholders. Bolh the
NS W Industrial Noise Policy (rN P) and the road traffi e noi.e
po licy undc rw emcJttensive public consultalion lha l involvcd
issuing a drafi po licy, advert ising in lhe mcd ia the oppnrtuni ly
to commen t, conducting seminars and addressing the iSSUL'S
raised in prod ucing a fi nal policy. An important part of the
pro<:ess of <kvelop ing these pol icies was thaI lhey shou ld
representa"'whole-of-government~posi lion.Accord ingly lhe

pchcieswere discussed with interes ted govern men l ageneses
and have receiv ed government endorse menc The road tra/r)c
policy wu published in May 1m and the INP pub lished in
Jan uary 2()()(). Both of these po licies are lMIilahle from
wwv.·.epa .nsw.gov.au

Th ere were a number of objec tives V>"C wanted ,he lN P to

achieve'

• The pol icy needed to be suffidentlyjlexihle to be ab le to
accommodate the range of different cireu m. lanc es tha, occu r
in the real world and allow for the best solulion 10 be
developed . Th is mea nt that the process .h ould allow for
inoovDtion in as'\CSsment and co ntrol te<:hniques and include
an ab ility to nego liale agre ed outcomes.

, The approa ch needed 10 provide Ihe framework for a
COI/.<i.i len l o ulcome in a~'e ss ing noise impa cts, so tha t
di fferent people would come 10 the same conclus ion, for a

given set of'circumstances. Todo thisth c policy gives details
on how an as-",ssmenl of noise should be conducted

, We wanted 10 ensure that as far as pos-sible assessments of
noise impact s would result in predicting what would uduully
OCL'IIri"proclice. This mean l including influences such as
wmd and tempe rature inven ion s which increase noise levels.

, In thep<U;talarge amounl ofel Tnrt wDlI",,,,,,,,limcs expend ed
ondebatingwhalnoisecrileriawe~approrrialetoapply to

assess wheUter an impac1 occ urred. We wanted 10 move thi s
deba te awayfrorn the num bers that sholJld ilpp l), and jOOL<
",udrm~olltlrtbestM<J y.Jlo",itigat .. thenoise.

, The concept of applying all fi'asibJe a"d numllQhle means
ojmihgalioll needed 10 be artic ulal"li so tha i inlerest ed
parti c!loould see whal levc l o f conlfol "''3s expect ed .

Al;ousbcs Auslralia

, We wanted 10 Irighliglrt lire role of land-use plaNniNg as a
means o f avoi ding noisfI' pro bl ems. And deve lop an
unden landing Utat, in some ClISClI, Ihere was likely to be a

lim illo thedeglft ofnoise conlTOl from engineering and
management practices. And that in thi s situa tion it is
nece ssary 10 look 10 additiona l mean s of mini mi sing noise
impact s such as in tbe desig n and co nstru ction of sensit rve
dcvelopmfl'l11sthala~predietedlobeaffectedbynoise

TRA INlSG
Perhaps an equall y impon antpart of inlroducing ancwpolic)'
is to foljow-up its introduct ion with lraining in its use. We
decid ed at an ea rly stag e to make a major com milment to
Iraining and extensive progra ms were offered foll owing lhe
release of each poli cy. In total 47 sep arate one day cou rses
were offered (24 forroadtraffic and 23 for industrial no ise) . To

give good access 10 training courses they wer e held at various
metropo lilanand couotrylocanonsacrosstheStatc. lnleresl
was high and almos t nine hu ndred peop le were trained

IMPu: ~m:NTlNG THE POLI CIE S
After f'; P was published in January 2000 there "'as a six
months transitKm period where we would accept assess ments
don e using either lhc old po licy or the INP_ The approac h
arrcars to bave worked ",ell and all asscss ments arcnow being
done using the 1:-:P.To da te we havc received around JO 10 40
assess ments using INP and one Convn ission of Inq uiry was
hcld only recently and involved anex tcnsion 10 a ooalmine in
Ute Huntcr Vallcy

Du ring lhc applicat ion of the policy a relalively sma ll
number ofissccs have come up that needed clari ficatio n. In
rome instances the issues we re limited to the parti cu lar
deve lopme nt but in others their application i. broader. For
el\ample there is sometimes a question on what land u""
<,;ale~ory sbouldapplytoanarea,whal wind specdloassi~

whete wi nds are found 10 sillnifi canlly increase noise and how
private haul roads and rai l lines should be a." cs,ed . Wcarc
working towards provid inll some explanalo ry nOlCS on
commonissues.

A~sinll and man aging noise from indll.'l T)'encom passes
both technical and po licy issuc s. Because of the breadth oftbe
subject the policy needed 10 draw a carefu l balance between
beingoonciscandundL'Islanda ble,andincluding sufficienl
detail to cover typical situa tions. Clearly a po licy docum enl ,
even one with a large techmcal component shou ld oot anempl
10 cover in delail all of the range of scenancs that ma)' occur in
pract ice. To do SO would be likely to create a large and com
p le~ document wjosc use fulness would be greatly dim inished.
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What is important is that the policy clearly establishes the prin
ciples or intent on how it should be applied. Applying the pol
icy to any new set of circumstances then becomes a matter of
referring to the principles established in the policy.

IMPORTANT PRINCIPLES
Four important principles established in the policy and that
must be considered where questions in interpretation arise are:
I. That the noise assessment needs to address the noise levels

that are expected to occur in practice. This means that the
effects of weather need to be considered.

2. That all feasible and reasonable controls be applied to limit
emission of noise. This recognises the mitigation of noise
as the central concembutthatthere is a limit to what can
be achieved.

3. Where noise levels exceed the criteria after applying all
feasible and reasonable controls the expected impact from
the cxceedanceneeds to be quantified and the proponent
needs to clearly explain other relevant factors such as:
• economic and social benefits,
• complainthistoryandviewsofotherstakeholderssnch

ascouncil,and
• whether the project results in a net reduction in noise
This information can greatly assist a broader understanding
of the context of the project and assist making balanced and
well-informed decisions. What we at the EPA are looking
for is a demonstration that the range of mitigation measures
have been carefully assessed and applied and a good sense
of the implication of any remaining level of noise and
rclevanteconomic or social factors.

4. That the application of the policy must result in clear and
enforceable conditions. This benefits both the licensee and
the public by clearly defining the boundaries for noise.

LAND USE CONFLICTS
Land use conflicts happen where noise sensitive and noise
producing developments arc co-located. Once the location ofa
noise producing activity is decided it's important not to create
situations where unachievable expectations on reducing noise
will lead to conflicts. This type of pressure occurs where noise
has not been properly considered when developing adjacent
land for noise sensitive activities. This isn't to say that a noise
producing industry can ignore its noise impact. The primary
obligation to control external noise lies with the noisemaker.
However where all feasible and reasonable noise control
measures are already applied any further reduction depends on
future noise control technology and new work practices and is
only possible overtime.

In situations where land is relatively scarce it makes sense
to take all reasonable steps to maximise the use of available
land. This implies that a balanced approach is needed that as
well as requiring noise producers to apply all feasible andrea
sonablemeasurcstoreducenoise, looks to incorporating noise
mitigation in noise sensitive developments to control noise.

CASE STUDIES
1. Extension to existing industrial development
The first case involves a plant that is located in a country town.
An extension to the existing plant was being sought. The plant
is the only sizeable industrial development in the town and this
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was likely to remain the case for the foreseeable future. Noise
fromtheexistingplantwasrelativelyhigh,exceedingtherele
vantnoisecriteria.

The issues here were how the INP handled the noise from
the existing plant and noise from the new extension and how
local factors were able to be considered in deciding the best
outcome. The INP notes that for existing premises one reason
for setting noise limits and developing a noise reduction
program is a proposed upgrade or expansion of the
development. The emissions from both the existing and
proposed plant need to be addressed in any assessment to
ensure the cumulative emissions from the plant are accounted
for. Once this is done the expansion and the existing plant can
be dealt with separately.

In this case the expansion was being designed with low
noise emissions and to significantly reduce noise from trucks
servicing the plant. There was some early discussion and
debate between the proponent and the EPA on what the
approval of the new extension needed to cover. The result was
that the company and the EPA agreed that a Pollution
Reduction Program for noise from the existing plant was need
ed and this would be negotiated outside of the approval process
for the new extension. This resulted in the approval for the
extension proceeding and allowed more time to properly con
siderwhatneededtobeaddresscdfortheexistingplantina
Pollution Reduction Program.

The noise assessment identified local circumstances such
asthelengthoftimetheplanthadbeenatthatlocation,itseco
nomic and social importance to the town, the low possibility
that additional large industrial development would occur in the
area and the reduction in truck noise from the new extension.
The INP notes that such local factors are relevant to a balanced
and well-informed assessment of impacts and they were con
sidered in assessing the noise impacts from the whole plant.
This case demonstrated how the INP was able to handle new
andexistingpremisesandtoincludelocalcircumstancestotai
loran appropriate outcome.

2. New industrial development

In this next case a new coalmine was proposed in an area near
Muswellbrook in the Hunter Valley. A number of other
coalmines are located in the same area, some operating and
other approved but not yet working. Weather effects, inparticu
larwind and temperature inversions, can significantly increase
noise levels. This is typically a problem where the distances
between noise sources and residents is large. In the Hunter Val
ley it has become increasingly apparent that weather effects are
playing a significant role in creating noise impacts.

The main issues here were how to address noise increases
due to weather effects, cumulative noise impacts and providing
clear and enforceable conditions for noise. The INP clearly
requires that weather effects need to be assessed where they are
likely to result in a significant increase in noise levels. The
policy provides guidance on how this should be done but is not
prescriptive. Cumulative noise is directly related to the policy's
amenity criteria for different land uses. The policy also
supplies guidance (S2.2.4) on how the cumulative noise from
multiple developments should be handled.

Acoustics Australia



The noise assessment for the mine recognised that weather
effects were significant and put forward a new method of
assessing increases in noise due to weather. The approach was
based on modelling all the weather conditions that had been
monitored for the site and identifying the noise levels that
would be met for 90 percent of the time. The proponent used
these noise levels to compare to the noise criteria.

While the method is not in-line with the process described
in the policy it does meet the intent of the policy to assess
weather effects and in fact provides a more comprehensive
assessment of weather effects than is required. The advantages
of the method used for weather effects are:
* that the noise levels for all the measured weather conditions

have been assessed, and
* that a noise limit can be assigned that is independent of

weather, for example that the noise wil1not exceed a set level
of say 40 dBA for at least 90 percent of the time regardless
of weather conditions.

The disadvantages can be:
* that the assessment can be more complex and costly as the

noise levels for all the measured weather conditions need to
be modelled for all affected residents, and

* that monitoring compliance can be costly because attended
monitoring needs to be done over a period (in this case 9
days) and the data analysed to show that the measured noise
levels met the noise limits for 90 percent of that time.

For such a large project occurring in an area that is
sensitive to noise impacts this type of approach may be
justified. This case study demonstrates that the policy is
flexible and can accommodate innovative approaches to
assessments (in this case weather effects) provided the intent of
the policy is met.

3. New residential development

In this case a new residential subdivision is being developed
alongside a hard rock quarry. The quarry has existed for a long
period and is concerned that using the adjacent land to build
houses may lead to conflicts due to the noise from quarrying
and ultimately could restrict their operation.

The INP contains guidance on mitigating noise impacts
that can occur where industrial and residential land uses are to
be co-located. The land-use planning options mentioned cover
the initial planning stage, the residential subdivision stage and
the house design stage. Because of their concerns that noise
should be properly accounted for in the adjacent residential
development the company placed a caveat on the title deed for
land within 300 metres of the quarry and its access road.
Negotiations with the developer and local council followed.
The company retained an acoustical consultant who provided
an assessment of noise based on the INP. Following more
negotiations the company and the developer agreed that a
reasonable means of mitigating noise would be for two zones
to be defined.

One zone where houses could not be built and a second
where houses could be built provided they incorporated noise
mitigation measures in their design and construction. The
zones were defined based on noise from operations of trucks

on the access road as this ran alongside the boundary for the
residential area and was the main noise source. Where noise
during the night was more than 45 dBA then housing was to be
prohibited. This level of 45 dBA equates to the background
noise level plus 10 dB. Where noise at night was in the range
40-45 dBA then housing needed to be designed and
eonstructed to mitigate noise. Both the company and developer
agreed that this approach was reasonable.

4. New industrial & residential developments

This case involves a large development that has both an
industrial component and a residential one. The are a number
of advantages to co-locating employment generating and
residential land use. The advantages eaninc1ude redueedtravel
times, reduced air emissions and lower infrastructure costs
from less demand on the road system. However,there is also a
risktotheamenityoftheresidentialareasinbeingloeated
close to industrial activities. Noise is one of the main amenity
issues and the means to minimise noise impacts needs to
carefully considered during the planning process.

A particular problem for noise can be where separate
industrial developments occur ina gradual manner over time.
There is the potential here for pressure from later
developments to exceed amenity noise levels. This occurs
because early individual developments arc typically assessed
in isolation, without considering what the cumulative level of
impact would be when the whole area has been developed.

Initially the issue of noise effects on the proposed
residential area was limited to assessing an existing quarrying
operation. However,the EPA highlighted that the greater noise
issue was likely to be from development of the new industrial
area and that addressing this issue at the planning stage
provided a good chance to avoid or at least minimise potential
conflicts over noise.

The land developer retained consultants who conducted
noise modelling of various development options. The final
proposal consisted of splitting the industrial area into 5 zones
and assigning overall noise limits to each of the 5 zones. The
noise limits applied were based on achieving the INP's noise
criteria for amenity at the adjoining proposed residential area.
Predictive modelling, that placed 3 heavy industrial sites in
each of the 5 zones was done by the land developer. This
showed that the noise limits were reasonable and could be
expected to be met in practice.

rtappearsthatthedeveloper,thecouncil,theStateplanning
authority and the EPA are satisfied with the outcome and that
it will be incorporated into the Precinct Plan for the area. This
case demonstrates how it is possible to incorporate noise
requirements into land use planning. The result has been:
* anequitabledistributionofnoiserequirementsamongstthe

employment zones,
* avoidinguncontrolledcumulativenoiseimpacts
* providing some flexibility in how noise is managed within

each employment zone, and
* protectionofthe future amenity of adjacent residential areas.

----- .~~,-----
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Hear 'Icd av Gone Tomor row
Noise l\lan~gemenf and
Protection of Hearin g at Work
Comet Training. 199'1. pp 120, hard c"" er,
Distributor Southfork Entcrpr1"".Pty Ltd tel
03 9849 1061, fn 03 9H49 1061,
southfork(<i)optumel,com,III.I'ri«, including
pos1.age,videoOflIyS210 +GST,full p:>d,age
S}4(}+{iST.

This tralnntg packagc il <N>C of l series of
four which has t-n commi""ioned by Cornel
tnUning to ra~ awaJelle~ ofOIl S bs"C5 and

ro""l'ponoafety indllctionondtnl ining in the
NSW CooS1TUCtion Industry. 11 focuses on
the application, for tho:con.-trueti".. ind",~try,

of lhe NSW Code for N" iSllManagement and
the P",>Ie<:1\on of Hearing at Work 
essentially the Slmc Is thc National Code of
Practice

Thc prt'<E1ltation of the fuIl ln ining packllge
ukesll hO\l.. aadis in~par1S. Qr.ci.
designed . , . 4 hoor«aceroface. lUtof
din:cled,offthejob lraining<ession. The
sewnd part i. 4 ho" rs on Ihe job component
eornpo"ing.1 houI.ite vi.il, I hour for lhc
prodoctionof lJOOSafcty AllI ly,i. by each
participantat>dlbour ror dlsc"ssion . "The
complete pack"lte cornpri""s the 20 minute
vidcoplwtraining noles, codeof practiee,
overh. ad tr.n ' l"' rcnci. s and cour se
ducumcntati"ll. Th. video is an important
pan of tile paekag., not j u.<1 an added boollS.
Tbc ...... n partsinthe vidC<l .ove r noioeand
h.a ring. ri, k management cycl. , noise
conlroll,ca....tud)",audiometrielesling and
lrainingandthC>ClllTrefcned lo in tbe
lI'ainingnolCS

The requll'mlentsfor tbe penondeli\....mg
the cOlIne lllTcaperience in tniniogaDd·at
l....t 1 yea.. indu!ttry experi. net' in th.
relevant cou..... eontmt· . This latter
requirement is essential as there IlK only ,
A4 pog. s of COllr.., 1'IOtes. a hndful of
ov... hcad transp.",ncies . nd a 20 min vidco
for the 4h oor f.ce to facc pan of lhoc ourllC.
The notes only li. t discussion points so the
pre""nlcr cert. inly needs considerable
bacllruund knowlcdgero 1cadthe d"lCU"ion
andkecp thepanicil"'lll8i ntcrested

'The video, which can bc I"=hased aloroc, it
an exeellentconc."l. Althougb ilrefers lo
the NSW COOC, the eOOlent is directly
al"PlicabIc to all OIbcr pans of Australia.
Filmed on Aum a li. n building siles and
planned lO«IVCt" e. ch.,po:cl o f lhe code of
prac1ice,it can bc used .' . .... nd . lonc
1raining/motivation. 1 vidC<l It starts by
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demonstntin gthee!f«lofhcarinJ l.... on
social interact IOn andlloo'A·lhehearins
mcchanismisdam:aged. Itbtieaample&of
managingnoi$e including &ubotilution with
another proccss,l1'KIVinSpouple_IIY from
the noi"y . reas, building enclosures around
particularly noi , y item• • tc. It is
acknowledg. d thai perilOnal hear ing
prolcction i, likely to bc nt.-.:lIcdand 'hows
proper use. C're and m. inlt'nancc

Whilc oot many in the buiktilli indu.'ltrya",
likelyto be pul thl'OUih an 8 hour ln ining
eoorseOllnoi" . lheyshouldaliseetl>e10
min videoa u part of thciu afcry training. In
particular il""",ld bc ..oodforll>oseintradc
""hoolstocnoouraS· thc:mtoprotccl wir
htaringlTom thefim<!ayon 1he slles.

Marl<",B"rg~

Man o" B"rgru ua Rt'uarc! . Ojficer al lhe
Au.IN/ia" Defi'''u Farce Academy i"
Ca"b<irro and ha.< undertaken a study on
"oisemaJl<lX""l ~I ,m l>uildi"g sile.<.

Actin Noise Control Primer
ScotlS n)M r

Spring<:r, New York 100 1. 159pp. ISBN 0
3879895 1 X (liard rover). Distributor DA
Infnnnalion~c~648 V."itchol'se Rd,

MilCham 3 1J2, Austra lia, lei 01 92107777 ,
faa039210nSg.Price AS 119.28

SCOlt Snyder's primer give, . fresh.nd
qualitalive de""ription of a very oomplc~

1OI'icthat ha. maJIYpotenti. l application. in
the year< 10 Come, Although this book is
. ,med at non_speci. lists who would like to
learn .bo ul active noisecon1r<)I, thcalltbor
al", provides valuable advice to those who
. rev..:d ing.lthc frontline of "",tiveooi""
contto l,base<! on hi. extcnsive e.pe ricncc in
consullinll~ controller~lopmcnl

'The book is di.-ided inrothree rnajorpans
~...,land )~thel'\mdament.lbof

noi.. at>dits control.'The lCl;hnicalrerms,
important eo!>Cep's and noise control
techniques are _ II .~plained u, ing limple
cu mpl• •. Side nOles .n d foomol.. arc
elTeclivdyusedto.dd practical andh i.torical
n.vo", ."Theanraet ivef. alureof lhi. b<d, i,
i\< di. logu. style. Starting with the m<>!Il
commonly . sked quc. tions. the .~thor kepi
making the read... wonder ....hat i. nn l to be

,,"
~t...,4.5 and6tO\lnthem""'f'OI'IIbr

an:» in I"'""ive and active noi.., control
Clncethe passi'" oo;"'controlandiulimiu
.."unJer'ilood,the imporunr: e of aetive
noise contro l in prac lical .l'I'lications
beoomcsc1ear. Chap!cr 4.lan , ...,thtbe
physical requirements for pos,i ble active
oontrolo f noisc, "Theintetfcrenu, 1ime dcl. y,
volume velocity, cnet¥Y nOlVs and global

reduo:lion are t OlM'llie"' ly capl. ined by th.
simpk piclureofllOlll>d .....>fl in free flCld
Within an enclosun:. lhe tound flCld becomcs
complicatcd d... 10 multiple renecrions from

1hebou nd.ri cs.nd conae<lucnt interfermcc
Cbapter 5 u,..,. modal and modal density
conceplS IOc~pla inwbyac1ivc noi,..,OOtrtrol
only has tht potenlial ro plOVidc gl<lbal sound
a t\cnualion at low f", qu.n ,i c., The .id e
srories ahoul polt'ntial lflplications o r .Clivc
noi. e control in dome'tic dwellings.
pessenller vehicle. and jet aircr. f1 have
enriched this chapter. Chapler6 ... mmarics
several importam (acton in the c lTective
cootrolof""';oe usinlJairhandlingdoet:l;ll'lllll
... ample, "The&«'lion. on the use of anI;
turbulence mic",!,honc probe to imp",," the
signal-t..."" i5Cratio, cau",htyin rclallon to
tbe diSla.ncc betwcen referencc scn. or and
control , ,, ur«, . nd duu spliner in dealing
wilh IIill.h order modes in the duct are
valuable technical lirs for practic.1
apphcalinnof active noi.. conlrol

"Therest of the book (Chaptcrs 7 and ll )

tllO«ll1rlltcs on the ~opmcnt of lCtive

ooioe wmlO llcn. which an: the bean of an

a<:livenoi..,wnlrol .ySlCttl. This part ;' mosI

relC\1lnltothosewoo arecuncntly",ing
adaptive fecdfo".. ard control. Chapter 7
brinr us into the "digital \WII'ld~ by
introd ucing analoc-to-<!igit. 1 «mversion.
dill;I. I "1'l'Cli<:ntationofsignalsand trander
r"nctions of phy. ical compOll. nU. The
adaplivc alguri thm in thi. ch. pt. r is
Cllpl. ined in , mos1 intc"S1ing w.y . The
periscope/wind analogy ba.<ffeclivcly been
w.ed tocx p!ain tht effeer of cancellation path
and quanlir.lltion process on th. errce
Caution is to bclak cnwhentbealilorithm is
'iSCdto de'sign. digital fill... (controller) in
order to minimize the crror. Chapler 8brinV
us further inlothe digital WOIid. It cont.lins
the author's \lllluable ..perience ;l\Cludmg
. elecling . ppropria te dIgital filters for
. peeific applicalions, .uitable fil.... lmg lh,
converg. nce coeffic icnt,ad.pta lion r' le,
sample rate, .nd identificat ion of
cancellation palb

I enjoyt'd rcading thi' book. U isccrt:l;nly.
"stancr' ," book on octive ",,"te controL E\tCII

!be C1pCliCllCCd 1l<eTS of llct;"~ noi.. conIroI
sy5lCmS may fmd useful tips lhere

ji, Pall is all AU fJCia lC Profess<" of
a«Jus/it;1., exm'rol lInd .. erlwumrin i~ fhe
DepamrterJl of M""h" "iCtJI ami Mu/malo
£"gilteen·"g, Ih, U~iwr~;ly of "' ... Ir r"
Aa' lrol'"

Vol. 29 (2001) Nu. 3 · 123



Sound Therapy
hlritlaJau Dd '1'ud Ra r.de Jou nd.., 

Sou nd Th ellpy A us tra h a, 200 1 rtprinl,
20S pp. IS BN 108763I S 24 S, DiSlrih ulOr
So und The .a py Aus tra li• • PO Bo~

A 2237, Sydn ey Soul h ~SW 1235.
lei 029665 1777, fu 02 9664 9777.
"' .........so unrlthera pyinlertl u ;n. l.c o m
Price A $2 7,4S ~ p&h SS.s O

"The hest lhin\: about lhisl therapy ] is lhal
youdon'lh.avelo underslandilforillo
wOlk ."(I' 17) " It sounds like mag ic and it
i•.. .· (jI 18)

The "lhe rap)'"inqucslion. based onsou n<isof
high and low pil<:h, d aimed as ofTering ClircS
for everyth ing, from faligue 10 insomnia,
fromimrairt<J ~ari ng and li nni luSlo aulism,

allenlion defici trl;5cm1el, vert igo (a nd
Meniere' . diseas e), memory loss, dys lexia,
and w on and on

Thc proc<:dur<: involves looglhy lislen ingro
mu.i c or voices rep roduced under high_
fide lilyoondilionsandluw- .... high·p"'.
filtcring w .. 10 "respcdively, CIIcrgi"" lhe
con ... and "imulale the middle ear_~ TIle
ori gina l manifestali on of Ihis proc edure
i....oh,es studio-standard tape recordcT'l and

f ihcrhank.; the do- il·)'Ountlfvc••ion
inwlVCll. ponahIe ..... ooIy"'cm and pre
f iltcrc4 ClI'<SCIIC reco rdln l l (c.edu low
tudcrs mighlllt inducC'dlOspffid htt\o tftl
abou l $500 and $610 on. !iCloffourcllSSClle>
and .pl~),

The argumenTs thrvUihoUI the h\>ol( arc
untCl1llhle , Fore lWllplt. ilis.-nedth31the
foetus is "" Ie<tively ClIposcd 10 very high
frcqllCllcinin ut<:ro(Ihe opposite iarruej.or
that followin\: bi" hyoungchildrt nI'ICglect
high frequenc ie•. Dy.le~ i. il sa id 10 n:sull
from some spccch 50 unds ",ac hing the bra in
ahcad or others. S1u1teringiscuretlif
.pcakcn;lIlOIli lor lheir uncr;oncc . ....ilhtIH:
ri\:hl ear on ly_ Children ffidke themoclvn
dnf by lunin g out lu ....hal par<:nl. llIld
teachers tell them . All Ihi., aloog with Some
verystra"lleanalomyand physinl~yofthe

. udilnry ,yslem , i. ~_dwithno evidtncc ,

but ....ilht!>e sort oh l. aighl-faced convict;on
Ihal milthl pc1'ljUlOde th~ inn,,~cnl,

It is the fnrr going po int lhal made mchothe.
to write the presen t review. I have no idea
how much p.leud o- sc icnlif ic rubb ish Ihe
av_~e citi~ i,ul".....'tl l" inthe cou"",of
an ord inary wtt k; I expect it i' n.ot urn
Coo f, lkn t bul l>ase le<o.c1a".t,,,,,,<le in book

form, and e nlisting Ihe idemi!ies of(by this

reviewcr. unl>card of) "u perts", mayscduce

lheun.. lITY. 1fear 1ha1poop le"'hothemselves

or """""pann.-nha'~ lhis or That dis.abil ily.

or PiI=lI5 ",fIoo;e children display . igm of

!>earing 0. leamin g di ffia>lties, io "",11_

meaning hopc ,Tll3Yfallfor1beclaims put oot

byth i.andOl hcrsim ilar txloks. My advice is

1Ntitwill remainlll<>reprudCTIllO coosuItThe

~tIinc"pertisclO~foundinprvl""'ty

aa: retlited quancrs suc h ... ourUni~il~

c1;niCll "" d hos pitals. in ordtr lO detcnn me

...'hal 'leJ's may or may n.ot be: feas ible in

rcspo nsc lO .. 'hatcvc rhearing, learni ng or

langua ge problemsare Ilt ing es pericnccd

Yehudi Menuh in is cred ited ....ith ....riling a

little forewo rd lu thi . volume and herq>ort'l

having read lbe boo k in a single si1ting, To

any polemi.1 reader, 1 "",,uld recommClld

dningi l in le"lhan lhal

It"illi"m NoN e hold.• " Profe. so,..hip i~

P.,ycho/t,CY ar rhe U~ive.. ity of New

Engl(J~d, /lis "",oM"..h ispri''''''ily in Ihe

{)""' <J/h("(Jri"ga"di~impaintt""I.

SALES, CALIBRATION, J1lRE & REPAIRS

CEL-5Ot)Series
REAL-TIME

Acoustic Analyscrs.
Fuliy upgn dablc

User fri endl y menu
Reverberation

Fastore caprure
Vari ousoutpuls

Large m em ory

Many op tio ns

CEL~4OJ4&O Series MCICN

User fricn<.lly m e nu , <:fgooomie

<bign, fully upgradablt

A COUSTIC I NSTR UMENTATION FOR
I NDUSTRY AND TH E EN VIRO NMENT

Th e very pop ular
CEL-4201460
Scri~ Oosimelen;,

that als o dou ble s up
as a Sound Level
M~er.

I.S. model a lso

available

WlmUU@T'B fAl I M1l. Ph' (02)' ''' .''77
~_~ @)} ~~ 1!! Fu:(02) 9&94-B &6 ~

. A
Emai l; derryn@nu lek -a ust ra lia.com .au Web s ite : www.n atek-australiac orn.au

azJ
Instru ments

•
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International Tinnitus Seminar
Thi ' spr:.;ial event OCCUrlie~cry thn:<: year:;
and for the fi"' t time will bc Itcld in Australia
in rn:mantl~, WC>lem Australia 5·9 March
2002

The ScientirocPrren- m I'Tumi_ tobeone of
exceptional q u. lity and dive... ity, An
ou ts t. nding arr. y ofintcTfI. tion. 1 and
nat iona l <pc:akcrs will I"'""'It I"" lalest
researcb. treatmcnl . nd dcvdorment> in
tinniru. and ....l. tcd healtb cond iltonJ

T bc 1•• 11N ~lurn .. i ll be :

DrR obrnDol>ie. Di,ccror of Rcsearc tt al lhc
"'aricmal lm:nlllteon Oeafness andorber
Communic ation OilOfde.. . USA (In "A
Review ofClimc.1 Trial. for T"" tment of
TiM i.... • and ' Medieo-Lega l A' fI«l . of
TinnilU$"; . 11d Dr Denni. Turk. curmt tly
Profe ....r of An""" tbes i" I"t!y and Pa in
Rc:scarch at the Univclllity of Washini\lon
School of Mcdicine, S<:attlc. on "My>leriN
of Chro nic p.in (&TinniW, ): Sherloc k
Holmes, Inspector Clou""au & S~t Friday
meet Lt Colombo" and ''The Three Most
Importanl Word>< in Ilculth Care: OUtcomeli,
Outeorncs,OulComc~"

Th e G..... t~!lUT. will M :

DrJ onathan llazc ll. Dirtttor of lbc TinmlUJ
and lIypcla cus i. Centre , London on
"Tinnirus - RcccnI Hisrorical AopcctJ";

Dr P~l JaslrTl>olf. PlOf~ .nd Dir«lor

of tJtc, Tinnin.. & HYJIC""oCU'i< C~er "

Emory L"nive r'lity, Atlama, Cie<xli.a.USA on
"Tinn i= and Sound Tolerance: From
Slimulw; to Roaction"; and

Dr Robert P'lUZZi , The Auditory
La!Ioratol1l, Univcr'lity of W..lcm Au~tr.lia

on "The Role of COChlear Regulation in
Tinnit... •.

There will also be a paneldiocussiun on
"Fulure Direclion' in Tinnitus Research &
~bn. gemen t " and extensive free p. per
SClisiom . A va" number of AbstTlll:b;have
bcm received . nd to .ccommodate tIS many
aoJ!O"sible, lwo eoncurrcot scs' iot1>will bc
On Epidemiology and Dem~,apb ie. ,

TreaimentiMcdicaland Surgical.T re. !meIlI .
TRT. Psyeholugy, Mcchanisrm lllld Models,
Phar macology, Methods of Detection,
T.....lmrnI - Devices.,Childm> and spec ial
cun. P~~l, Occupational Heal th
luuco "Noij;C andTi nniruo.-

Re, i'l n tion and umer informati on is
lYailabie from Jllllie Binet 1'0 Bo~ SRI,
Cottcoloe. We.rcm AlI5ln lia 60l l .
Te1.&fu:<-f>1 89384 1249,
jc~binct@hotl ink•.net .a...

Acoust ics AUSlralia

ACOUSTI CS 2002
Thc AAS Annual Confe rence will be ttcld in
Adelaide during Nove mber 13- 15. The
Theme for Acoll.'<lic. 2002 is Innovation "'
AeoWllics and Vi br~ti"n. It will provide a
forum for the presental ion of . wide ran~e uf

papers in . 11 ""pcct, of fundamental and
applied Acow;tiCl and VibratiOllll A special
stream on WloJerwatcr acO\lSliCl i~ pla"no:d ..
astrong repm;c nwi un il e>.pcctcd intbat
fiel d All submined paper. will be peer
m i cwed W1dcrihc coord ination or l scicntif
icadvisoryfW'el

lbe Con fe",,,,,,, w ill be beld .t thc elegant
H)'.n Rego:ncy. ncu tothc City (' cnt re on the
banb ofihc RiVC\TOlr c no and adjlOCCllt 10.
promcnadc of cafC$.lt i. within ..." lkin,ldi . 
lOntt o f a w;de ran~e o r accomrnodal ion .n d
entertainment/d ining choices. Pre 100 post
conferenccact ivitiel willfocuson tbenearby
Adelaide hills and wine i\ww inWareas

KeydatC'lin 2tl112:

I April submi••ion ofpa per abstrnet

I M"}' - :~:~:lion of aoccptance of

15Au gu"t - sulmlissiono f full J'll>er

15 Sepl - ootificat ion of acccplancc:of
papcr withtc\'icwcr
comments

15 October -submi",ion offinaI VCl'lion
ofpll pet"

Arou sliClO 2002, Dcpartmmt o f "fechanical
En"neerint. Adclaide Uni>'CJSity. SA 5005.
AUSTRALIA. TC'I: +61-8-8J.03 S469;
Fn:+6I· S-8303 4361;
a.u2002@mcdleng,adelaide ,cdu,au,

WESPACH, 7 • 9 April, 2003,
A taoteo f Australia may be hod by attendinw
WESPAC8 in MC'lbourne, Victoria, during 7.
'1April,2 0lH. "Acow;lics on lltc movc" is the
themcoftbisin:emalio naloo nfercncebcing
ortlanised by the Victoria Division of the
Au' tralian Aco uslica l Soc iety. The
confere nce will eM er a broad mi ~ of
oonventionl l and rapidly developin g topics in
acoo..q iQ. Technical sc"iot15 " 'iIl include .
.mCllof dist ingui.b cd lc<:tureoland il i.
anliciJ!alc<l thai thcI'C' will be an extr:nsi\~

oadedi"(llaylAA<lCiattd""thihcconl"etTncc:
Provisioo lw beenmadc for autliors lOhave
lbci,papenfully reviewe<l,ifthcy wish.

CenlrtlllylocalN, thcvrnue will beihc
Carlton Cm4 ll ote l, direct ly opposi te Albert
Parl<which bao llal< c. goIfCOll1SCandOlhcr
sporti ng facilitie3.0n1y . 15 minute tramride
awayi . thc city of Melboume . with it.cxecl
lent . boppinHfacilitics and world classmuoc
urn. and an plkriCll, Ib y. ide beaches, the

Botanic Gardens and the Melbourne Cricket
Ground .., d Tennis ('e mre are nearby. A

","joreonfcrence event will hea hU<h barbe
cue at "Emu Ilon" m", an historic Aum.h. n

HOlflC!;tcad, whe'" delegates can In<''CI in .n

informa l atmosph ere """ile W!\l' linil """ sh

tucker" and test themselveo 'l boomerang

throwing and thc traditiuna l Awnrtllian Hamc,
wTWo-Up· . For dclcgates with add ition al

t i mc:.',si"'loihcfartl<>US"""guin ~,

Ayen Rod or the Great Ball'icf Reef, .....

higblyrecommcnded
Ab6tncts= soug!lt by 2 AugU>t,2002. FOl'

rnure de'lOil. abotn 1hccon fercrtee procmL,
cootenl, limetablc and "'llis1l'3tion pro«-

d ure,. pie ..se refer 10 our website :

bttp:lt...."'w.wcspac8 ,com

ICSV9
Thc Ninth Congress uf the lmcrnatiunal ln>li.

lule of AcoltSli"" and VibrMion. IIAV is , pon

""" d by the NatiooaI Aeronautics and Space
Administration, tbe University of CClltrlIl

Florida. the American SociClyof Mecllanical
Engineers. Ihe Soc iet y of Expc rimenlal
Mcchanica aod thcAmcricanSociety o f Civ il

Enginccrs(A~D;"'ision)

It will 1x 1lcld 8-11 July2002 . inOr\ando at

the University of Cetllr.1 Florida. UCF.A liS!
oftbcabotraC1S~..w50 farisa....i1ablc
from the.,.dJl"'gealong ",i th lbe detai lsof

lhelocliiOlland lhc ~rarn. FW1hCT

informa lion from iesv9@ mail.ucf.edu,
htrpJlwww.ii. v....ll

Transpurt :"ioise-02
The Eo'I ·European AcoL1Stical As.<e>ciatiott

(EEAA) i. orp:"" isinWthe 6th Internat ional
Sympo . ium 0" Tra nspol! Noise and

Vih"' tion, T"""'l"'rt Noise-02, lo be hcld on
Jun. 4-6,2002 in $1. P.:teoJ:>"'lI(Russia)
Papen wili cover all ..peclllo flrarli porullion

noiseelJ'll,lorriCf, ships, aewp l"",". lrams.

traiosCl C. t>lenary and invited papen "'i ll be
prestrll~by e. pert. from Rus. i.. Fnnce,

Austria. Norway and fl.el~ium More infor_
motion from hu p:ll wcbce ntcr,ru/ - ecul

tnlenl"!n2002 or f.~ : +7 R121 21932)

Coonl inatcd with tbc S)'tI1p05ium wili be thc

Im"""'liona l AES Confercncc on Arehitee_
turnl Aeou. tic. & Sound Re;n f(lftt1l\ C11l on
June 1_3.2002 in St. Pelenburg (FIJI:

+1.8 12,3 16 1559; fl..J>Cten burg@. co,o rg )

and lbe 6th International Conference ott
Appli N Techno logies of Ilydroacouslics

a nd Il ydro phy. ic. o n June 5-8 . 2002 in
St . Pcte", burg (Fn: +7 .HI2.320R052;
mfp@m. il.wplu•.netj
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Mat~x .lndustrieS ~.(t~ted wall ties

pm"de..':~",\,:~~1!l. ,~,,"g
~:~~~~S~ ure s~J!~;;
all masonrY~~'L~. ~"r:'II S and
1;9h~'"~~ "1
~a~n~tr~Q$.\\du~ing nOi Se
In stooios an~tlS throughou t Austra lia.

En<pl1es_ SftI

MATRIX INDUSTRIES PTY LTD
144 OXLEY ISLANO ROAD, OXlEY ISLAND NSW 2430

PH: (02) 65 53 2577
FAX: (02) 6553 2585

W
~ have been dt'"l ig n .

lng. ma nufact urlng
and i nstallin9 no~ con trol

equjpment ~ i nce 1910
We help you ( onlro l no ir.e
in your plant f rom init i<ll
on ·siteevaluat ion 10
conf irmati on of
pe rforman ce on complption.
Our off the shelf and

custo m built solution s
includ e: enciosurf S,contro l
room s, eceust k pan et
s~tems, si lencef$,a{ousti(

lou vres, doo rs. audiometr ic
boo ths a nd 50 on

No;r.econl rol is all we do .
Call NOW fOl deta ih

Peace EngillH ring Pty. lI d .
2·20M.rigIIlld SIl"",~ h'SW 221 2

1'0Box. I6O,Milptn"J, NSW 1"1

f'lIono: lolJ9m48~7 fil-l 02j , 111S444
W'NW.p<'KofI g. com ,MI
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INTER -NOISE 02

The 3 1,1 [olernal ion al Co ng res s and

Exp",il;"n on ~oise Con trol Enginee ring,
will be held al lhe IlyaU Rel:en~l' Dearborn

hote[ in Michisa n, USA from Augu' t 19 to
21. 200 1. II w ill bc . ponso rcd by the

In lemal iona [ In,l ilule o f ~oi1le Conlrol

Enllinceri°ll,·ndwiJlbeorgani~byllle

lnstilutc ofNoi<cCOIllro l Enginccn ng oflhe

USA (INC ElUSA) . nd lhe Ohio Slate
Uni\"enily's Cen lcr for AutomOli"" Re><arcb

(CAR) in coo pera lion with SAE
Inlcm>.lional and lhe Canadian Acou<tiu l

Astocilltion

Th e lheme o f INTER·!"O ISE 02 i.
Tnn:<pnrtabon Noio<'l6 it rd Alc<to'UIOllll>
bilcll, lI'\ICks, moton:yc:lcs,olf.roadwhicles,

.... ;"" • •IJhw.ys.~n:rafl. tM.liCOl"=, ships,

and rccraliona [ve hic[es . H<Wonn. k:cllnic. 1

p.apcD in a ll areu o r noisc OOllttol engineer·

ina wiD be p=ertle<l. A major Icchnical
e.poa'bon wid be held aI INTER-NO[SE 02

Olhcr[I'CE .....iOlf1 .nd .ympoo;.. .m .l oo
bc ing planncd fo. j ust before.nd afle .

IS TE R_NO ISE 02 , A Soun d Quali ty

Symrosium \SQS02J ...'ill lx: beld on lbe day
after INTER·NO ISE 2002 endo. 1M SQS 02

.......retari'" will be allbe Ray W Herri ck
Labo ra lory, Purd..... Univers ily. Wesl

Laf' l"'lle, Indiana, USA

Furtl>er informalion : INTER_NOIS E 2002

Conllrc« Se<:'clarial, Department o f
Mec hanica l Enl' ineering . tbe Ohio Slalc
(l nivet'!lily, 2M We<I 181h Avenue ,
Columbu•• OH 432 [()' 1107, USA

hp~inlmlOise2oo2, org,

http ://...'ww.intemo ise2002.O!'i

AC TIV E 2002

ACli"" 2002, Inlcrnationa[ Symposi um on

Aeti....,Cootrolof So undand Vibrntion, wil1

be beld at Soltlhampton Univernity, United
Kingdom. on [S·17 July 2002 Thc aim. of

ACTIV E 2002 an: to n:view lhe currml

rcsc arcb and applicalion areas in lhe aclivc
co ntro l o f so und and vib.at ion a nd to

hig hlig ht futu n: directio ns for lh is
1c<:hno[ogy.Papersareinvitcdin anyan:a of

active soundor vibrntion oonlro l. Thcrc will
bcflVC plenarykcynolelectures.wlIichwill

revie-wlhcC~I <tale-<>f·lhe·artinad;ve

controlanddcscribee~cilingnew e~tensions.

Further informa lion: ProfC'SS()I" SteptM.n J.
Ellina, ISV R, Soo lhamplon University,

SOI7 IBJ . Un;led Kingdom ,
m: +442 380 Wl l<JO.sje@is,·,.!iOtort.ac .uk,

ht!p :JIwww.iw r IOl0Jl.IC.uklAc li>cl002

AcOltshcsAustralia

ACUll~lics 2001
The n. t,onal con ference o f llle Aus lra lian
Acou!>licaIS ""i ety ....as held inCan herr aove .
2 110 23N O\'embcr. Thc lhc" 'efot thi. con
fcrence was Noise and Vihralion Policy - Ihe
......yfol\llard7 Mon: lhan l4l) wcre involvcd
in thc oonferellCe
OverSO papers ...'t1'C presented in N.<l I"'raI
lei ,"".iona dur ing 22 and 23 November. A
high .tandard wasa<:hicvcd in the papc rs and
in particu lar lhose in lhe apcc ial sessio ns on
environmcn tai noisc, lransportatioo noise,
a' l'CnIfl noise, occupa lional noisc, buildinll
acoosticsandvibraliort.An e~li.'Jlsivelechni

c.al edibilion wos OJlC1l for thc duralion o f
tbcconfen:1ICC
"Thcopcningoccurrcddurinillhebuffelon
the Wednesday nighl wI>en ltM.jlaS1presidcnl
of FASTS.ProfPeterCullnJga~ ashortlalk

011politic< and polili~. A pm;e nlalioo by
Robyn Wil1ia""" from the AB C SciellCe
Sltowduring thcCon fert:n(:e Dil1Pefwas woell
.-etti ved His entenainingtalk " 'o. 'CaninlCT_
es1lnlllmkbdwcenacoustics and noiscand
policie.;andpolilics.Duringtbc closing scs
Sioo, lbe Presidem's l'rize for thcbest papcr
al the con fen:ncc ..........·ardcd IO B~

Meldrum from CSIRO, and this paper ....ill be
includcd in a forthcoming i..ucof Aeou>lia
A",lraIia. Abo durin g lhil =mony, the
award ofFen"", of the Society '"' lIS made
posthumous!y to GTaerneYale . wbodicd in
Ol:tobe.-2000.The fonna lprescntabon_
tnadl:tohi. ...ife dunnll the end of year fullC'
tioooftheWADivision
"Thcaccompanyi ngmcmbc. program illClud
ed a day tour l round the !ocal . ights. The
mini busanddrivcrpruvided ••bor1orienla'
tion lOur and then offef\'d I flnil>lctour
based on individual ;nlcre>ts. The mini bu•
....as . vailable f" r thc rcm. in<!<.'T ofl hc .. _

fcrcnc c on a.elfdri""arranllemcn l
A numbe.- of inO<.Walio.>ns~ implemented
during the planning for lhisconrerence
T!>esc: indOOcd the SflCCial sessions ........~
Ihcc hairof lhese..ion in\'ilro peop le "" >rk.
i ng i n the lopic area IOpK_~ This

prov ided a core for the l", hOlcai con lcntof
t.....co nf=n.... which w.... >UJ"f'lcmcnIcd by
conlrib utedpapcrs, For 1M r..... lirroc. 1hr
eontributors~gi~nthe opl lOll o( h.avi"i

Ihcir pape f pcet revi......,dThi. " ... i~.

tant fcalu ro for tho. " frnm Aeadnnlc:
In, litul icll5 loenable p<ll1icipallOrttu",,,,,,
al""lakenupbymanyolhcr conf~e con ·

tr,buto r.; Onl y ahanJful o f lhcp;lpeBMed·
cJ lUbcn:turncdl" lhc aulhorsforrevision,
which indicate . the ovcrall higlt sl<uldald of
lbe contribul;on ,. The proceed ings ~~
ooly provided .. . C D, In fact lhe p.apeB

...ere1lCVClprim ed out · all woerereceived and
proce 5!<.'din thc elcctroni c fonna t The only
hard copy was a book lel including the pro
ll",m and the ab. tracts which"' ':L'providW I"

al1rell i. lrants .
Thc lwdwori<ofthcconfcrmceorpni.ing
committee 00 ""half of the NSW Divi.~ion, ......
m.mded ....ilh a mosl !lllCCcssful conK- .

M<Jrion F/"rg~.u

Acoustics 2001 Proce edings
The proc eed ing.' of t..... recenl Au",,,,lia n
ACOU.I;Cal Society Confet~-nce. AeOU>!ic.
2001 , arc ava ilable for pu. cfIDc . n.cCO
con tai... all lhcpapcrs which "",reJ'l rovided
io lime for lhe con ft.'l"ence _ .b<l!lICt$ . re
inciudW onlhc CD for l.....fcwolheD
Over SO pape rs on lhe lheme 'Noi se and
Vibration Policy · lhe WI)" forward?'.re
includcd in lhcProcccJin ll' . Mnst of lheSli
papc D fit inlo IhelfcasofF.n,ironmmlal
rose, Tran'\X>flllion ooi.." Ain:rall "",<c,
Occupa lionar"",i..:,Buil<l ing IlCOIl-o;(ic.and
Vibration , Thc: full lisrof P"J'Cftilles un bc
seen from WWW.lCOUilic• .asn.au
TheSC"pfOC\'edin8. ....ill prO'Videa "" Iuahlc
re!O\lfCC: forthoac who were unabiclU parl ic
ip,atci n Ibeconfcrcn<:1:. Anonler fonn(1a.l
iuvoiceJ can bc down '-lcdv" tbe link
from "' ''''' '' .&O\l>i!ie' .asn .au.Tlle c..lofS SO
pluo U (i $T inc[udes r-a aeand pack ing
Addilional infonnalioo :
m·burtlesa@adf•. cdu.au. fu 02626&8276.

("1J" rl~41J<>~ , IM~'" I'nI#d•• t, dlJcau/lli the
~"'7I"~,."""," w"h M"rlm1 B"-:ge...

R<>I>;,. WW'"''''
J"rl"gthe
~di"".~



WA Dh'jsion
A Sta t t Co. ft .utt wu hc:1d on 20
Seplember200lll thc:If""""il locationof
Chlpc l Fann Resliunon i in Middlt S-..
(homeland of the Weu e m Aum.lian
Wint ne.), A Wc.-<ltm Ausm. lian blend of
Air AroustK:' and Un<klwaIo:r Acoust ICS
pa.fItf1 Wf", prnemtd on vari...... topia '

• T1Ieustofpassi~:I«lUSti" iomxli"of

mari ne fl\ll1a (Rob M..'Ca uley);

As tudyofshallw.wattrsuper fici aJ sed
imtntproptr1;n wi lh "'~ytltlcom:lation

•nl lyl i. (Ak . Kritsk i);

Inver tin, tran,m i. si"" II", . measu re
mt nl1 to ohla in geoac<>ustiepropeniesin
sh. llow water (l u. tin I lofl'man);

Local gO\lemnK:nt noise compla;nt sur
vcyI Michaei Ca ke);

A rev iew cf nationa l and international
t<an.portll tiunp"licies (Dan Lel Lloyd);

Thwry o f thc injury mechan ism im ol'l'ed
with ltCollStic shock in call ccntn: work
tn (Rob P. tuni);

Protecling call cen tre workc .. from
:>COll " ;C 'hoc k with limiting amplifi crs
(Iby Co le);

UK project on l1W'asurin, ca ll centre
o~raton' noise exposures (Ke;t h
BrwghlOn); and

Ch;dcn farmi ng no ise (Ric hard
l ang ford),

The conference pani c ip.1nu enjoyed a n
OIlt<loor lunchser.t<l .. ith loca l .. ine. This
..... both relu ingandrdreshing. away f'rom
the doy.lo- dayholSl lt.nd buSllt of the
corporaltWOl'ld-

YIC Divlsion
t·. e.... ) ' To• • The:Victori~ Division fourth
ItC hnicalmct1ingfor 200 l at whieh5~

prCStfll. was ht ld "" JuI 2S and wa.< a ";tt
vil it to Srnorgon St"" l. La~r1on North
(3026). Gal tTB"">tO;,of Aco uslic alDcstgIt,
has been advi sing on " '3Ys of lIChieving a
qu itlc r cm ironmcnt for tho"" emp loye"
cxpooodlOlhe rons iderablc pl3llt noise in
the , lee! , hrcdding protess

The stcc ts produ ccd at Smorgon are
manuractun:dcntircly from scrap. ~lhat the

pl"flCt'!UO:S of h.1nollinll m.. raw malcml~ art

most l:o'''tf)' ro>l'y.pMIK11Luly lhosc such as
the stce l silrtdII m,- t kx lril: arc """h ing.arnl
mate.. . l hanolhng proo;:nteS, Without noisc
iilOlation or 1tcaring pro tecl iOfl,cmploy<:c,
exp" sed to cons iderable noi,c co uld be
CXposcdlO lC\'Cl.from')() toI 20dH(A), As
an example , the noi"" 1"",, 1 adjacent to thc
electric arc furnace would bcgtn al around
120 dB(A), dec rt ... ing to about 95 dB(AI
afttr = 1minutes
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Wbcrepoosiblt.noi",rtduclionhas'-"
achitved by providing quietcncd con trol_ and
rduge-roo m. adjac cn t to high ly noisy
pnxnse.. by shiclding noi")' mac hinery,and
el_bere by providi ng cmp loyees wit h
hea ring pro tec t;on. By tllest mean s.
cmpIoyee.MCDOWexpose(\toooiKltveltl
nocgtntl'3llyt"lcttding 80 dB(A) .ttheir
",""", places.

Aftet thi, inttresttllg lOur of the fattory oite ,
those pn:scnt thanked the (Softly OffK:a J,
Kt nFuhrmcister ofSmorgDII, .. ho hadacl<"d
. '!OIlI'guide

AG M The Victori a Division AGM washeld
oo OctlS, in a mCtl ingarca at lhe Mcibournt
Aq ... n um. with 23 pre..nt With the
rt lativelyhighsptech intcrf"ercnc e levt lof
tht back gro und aqu eou.. n(lise . , a sman
publie addrcss unit wa, nceJed so that lho.»e
add ress ing the mee ting could be re.d ily
h'"",

Loui.l i'o",?,

Fau No lsc

The end of yea r funClion w.... bit differt nt
tbi,year, It ....... . 'oomb;ncd'mcctinll iu thal
il wasa tcchn ical and soc ial m""tm,and al,o
in the sen >t that the AAS Vielor i. Divi, ion
comb ined with AlRA II (Austra lian Inst;tute
of Refrigeration A ir-<:ond itioning and
Heati ng) . nd the Institution of Eugi"" e",.
AI>out 15 pcoplc . tlcnded in all of whi,:h 20
or so " cre AAS mc:mhers. Thc lncll ioo .. .. .
Ihc:lnstirutionof Enllincersbuild;nlli nNorlh
Melbourne. ",hich pruvedlO be an cxcellt lll
venae both for the talk. . ud fOl" w ppcr
. fttrWard.

Char lt s Rossi ter and CnatrI>O' Harding gave

" " II illllOtmed tails. Charl es turned up wilh
.n ~t andocYtnprupsT:IRging frornan

axiat f. ntolbass tl cc thc gu itar, Ue ga"" u.
I good lC'$SOl'l on bcalin g and proc tc<k<l lo
", n us h<>w1W<l .im il.r fan . "p .......ting WIdcr
diff erent condi tion, hlk1 produced an
.nnoyiull be. ting ctTe<:tin .4J ••tore y
bu ilding, Olhtrculpn ll;. in tht illl;lall. ti""
" eIt' found lo bc lluide VllI'IC'and tl>t rnotor
""I"I"J"U,whichltl-""-'fItedtonaJ no~ " Th i'
e ffeclv.as <:<>nVinc;nl!!Yillu..... ltd by placing
" uodenbattcnl lOCrDlUl the fan inltl ducl . An
t"ltrafi rnhull of thi. ... >rktwlhteTl that."p
c1ca.. nceor lc""th. nO, 2S% of thcd,amcttr
of the h1 odt~ """ ' '"'luitl::d to limit the fan

Gr~eme lI ardinll wovc h;$ own pro fessional
hist"')' intotht h;. toryof s;J<'IK:t.. . llu gt
silen"" '" r<'lr turbo prop cnginc$ had bctn
dt\' t lopcdby 1I0lt, B=nek and N,-wman,
'llIl N'lo many of u• . T1>cy ~tl:: 24 footby

24 foot and 16,24 or J2 foo t in length and
con~i,t....J of l.ye rs of porous 'llaten al with
sinuwi dl11 profi lcs. There ,, '•• no e1car line
o f . ight through the . ilcnccn and Ihey could

givt in'Or;\1ion ""... , of 4g dn. Aftet the war.
thebuild,ng indumytritd to saledown lhc:

BB~ si lmctn. -n.eyd'd flop the noise and
!IOt1K: air did gd thruugh!"

Gnocmc him....lf. then with INS l.:I .....OO l ,

n ll1entdthc: .inllSOidalproftla~t

obuininllcs 9d R instntonloss inlhc:oldS J

111 octave Nnd ...itha 2 fooI siltncer.

ll~thtre was l push lO havc ight . i,

chan neis thto\l llh the .i lt ncen, which

ml uctd thc high I nd low frequency
atlcouation . More,,.,,,. the manufKtu.....

pcrfonnanc:edaotawtrtrypic:ally7 10'ldR

hightr lhanrrsutT, ofmeasun:mtl\l$....oc in

Auslnllia! Acco rding the Grumc, ~ h.""

I>t... lcfl with this ltgaC)'. Sil"""tr<artnol

sold wilh the COtreCl in""rti "" ""Sfigwc;;

In 1969 GllICme HardinG started his own
bu. inos and manufactuml parallel ha llk

spliners . Windtunnel tcol$ wtl't condllCltd

in crder 10 find tbe best shopc. Thcresult

was . ilt nce rs with muhi ple fnld edg cs on thc:

inici .n d ta""r cd , pli tton I I the ex ;t

ptoducing e" pandin, . ir eh. nnel , Ofl lhe

outlet. Cira<:me COl\C ludtd hi. u lk with fou r

case histories , ranging from lhc: Saba Radio

5ludio't" lhe Melbourn e Cny Link tunncl,

f", which thtengiJK:erhad requi rt d him to

put . 10 fOOl "'l ua re duet imo a ten foot

dianlCter roLilld shaft

£/o;Q/wrJI Lilt df{" i.</

I'S W Divlsfon
I nd u. t rl al !\;o i. t Po licy

The NSW Divis ion An nu.l AGM and

tec hnte. lmtflinJ " -asIItld in theaudi!Ori um

.1tilt Nati"nal Aco~tic. Labora tori es .

Cha t....uod on Thu rsday evening 9 August

200 1. OvcrM mtrnbcrs "eIt'prcscnt 10 hear

Gwff Meli or - the DiTtc10r of the Noi...
PolicyoftheNSWE","ironmtn r Protec:tioo

Authority (E PA) give. pruetltaUon. The

~was ln opdateof thctndostrialNoi ...

Policy (l .... uary 2000) . GwtT " .... capab!y

...,.i. te<1by the EPA noi... team Rogtr

Trt agu . , John W.....rm.nn Iud Derek

Langg on .

Asumrnaryof th i" prescntation i. incl.u.led

in this i" ut as a Tcchnica l Note

Artera shorl scn cs of quc'1ion-, and tf>anh lO

CiootT aoo Ihe EPA, lhemecling .nd AGM

WI.' conclude d ....' ith food, drink and the

ubiquitous deli ber~ti(tn~ betwe en old and

younll 3Cousricians alike

AooosticsAuslratta



Ce nservetort um
011Monday 27 Augus t 2OOl. maoy memb..'IS
of the NSW dlvision of the AA S allendc d a
l«ture by the Consenatorium
R~lopmenlProject designleamat lhe

new R« illll Hall We.l o f the Sydn ey
C(lIl«1Y,l101ium of Musie

The talk open ed ",i th Conser~atorium' s

Prineipa llUld Dcan Profe!lSOl" Sh8nnan Pretty
who e"nfed lhe hislOry "f the
C,onser"lorium",ilh some intere"ti ng slides
<1lltingb"" k to lbc ea rly 1900'•. The StalC
Gcwern"",nl Ar<:hileel C hris John- nn
f" I1"" ,ed lhe lhcme ,nd .!>owed somenfthe
many differ en l eoneepls n f the
n:<Je~dopmentproj«tllarry McGn:gor.the

DCiil/.tlArchil e<:l. i1Il1'lrJlI:d how lhc usc of
light .......a 1l\iljor con. identlion des pile mucb
oflhell('Wbuildinl.lbcinllbelowl/.TOUnd
leve l. Ed McCue . from Kirkegaa rd
A..oc iale. u pla ined the roo m aco ustic
con cepls witha n empru.. i.on lhc i""rel-'<Cun
=benolion timefnrlhcVcrbru8JlbcnHaJl
from about l scoond 10 a"" rnllimately 2.S
r<econd"Edalso e~ lheft'<l<ll'3lioflof

the magnifocetlt pipe otpIl and dc$cribed lhe
majM rcdcYeloplll<'l1t uf lhe Vcrbrugghetl
Hall roof. Last but nut Ie"", Ilon a t;llk by
lI.arry (Spn ng. ) Murnyon the hug~ IaSko!
vibration isolat ing thc whole o f thc buildin g
fi"om thc roeatby (2(l metres )r.Lilway linc

AlIThespcak.....~given a '"'l1de'Crved

round of app lause and The audience mad.:
the ir way oul inlO a eokl and wet Sydney
<:Vernng

Pre siden t's Prize Rules
The Pmident·. Pri2e iJ an....arumadeal the
Annual Conferero.:e of tbe Socie ly fnr the
bes t paper pr"""nted at tl>eCnnference . In
the pasl il Iw only been open 10 membe rs.or
the Sociely. TheCol1llcil oftheAlL<lral ian
Acou st ical Soc iety ha l d""ided lhat lhe
Pn:side-nt'. Pree shouJd be awarded to both
membcnoandnon-mcmbe~ofthc Soc-iety. Il
is hoped that this change will encourage
people prese nting papers at the Ann nal
C nnfe",nc e 10 join the Socie ty. The
follow ing rule. now apply:

That the Pre.ident'. F'rize will be """ n to

e>-eryone l'''' '''' nl;ng a papcr al the annll.11
con fe", nce (including oon-membersof the
Soc iety). The prize will be ll"'~"ied to lhe
princ ip. la uthoroflhcl'.perll.ito. intM ewoe
ofmon: than oneauthor"halll>ethenamc
thal comc. f1rst on the paper. The pti ze shall
oon.; .t ofa meda llion and one year 's free

At;ousticsAustrm

mcmbcnhipof tbeSoc i<.1y. ln theca..,of a
non-me mber winning the prize , the freo:
membership will be made al the grade of
Subsctibermember

Educational Gran l
1l>c Australian Acousl ieal Societ y proud ly
annonnc.. the inaub'\n al Annu al Educ.tiona l
Grant. The aim of the grant i$ to promo te
researc h and education in Aceusnc a and is
only op en 10 Australian Educa tiona l
Institut ions .

Edueatinn all nstitulion. areinvitcdtoapply
fnr fundstoa•• i' l in prov iding '·

(a) "chn larsbip(s )

(b) fund ing of researeh projects

(c) eq nip"", nt for cdu carional l'urpose.

(d) oIhe r ....,n hwh ile use ill the lIl'ell of
ac oustics

The gnmt is lim ited to • ma<imum of
SSOOO.OO and m"" t mcet !he ohjective;of
promo!ing cduc alionor re= hin _ licJ
Subrnissionsmu<l be in writ ing and providc
d""i l. of how the gr.tnl will be used. 'The
&I1Inl willbe:.wanl cd lO thc bcsl proposal
and will be: anno unced a l the Soc iety' .
Annual Conferenc e ;n Adel a ide duri ng
Novembcr 2002 .

SUbmi$siOllS shou ld be f (lfW3l'(\r(1 10 the
Genera l S«:retary, Mr David Watkins. 1'0
8m 9Ol , C"" t1emaine \r, etori . 34S0 and
mw.t be received 11')' the 30 June 2002 .

Intern allonal Representaelen
C har1n Doll has been l'e«:lcctt:d 10 tbc
boa rd of Inler nationa l Co mm i..ion on
Acou..IK:5IO Iqlr"""nl AU<lfaha until 2004
Th is important role c"" tin"",to allnw the
AAS to have input dilTctly 10 t!>c
intcmar iOllal acOlJ.,,-ic' f;(IflImun il)'.

Ma rlon IIgt V"'. has becn elected .. tbe
reprt<lCntative from the So uth Easl A.ian
area on the oonfer-ence selectioo cornmirtee
for fUlure Internoise conferences . The
replT. enl,ti ve mu. l be pru ent al lhe
mccting. prior to the lntetnoi se conference .
when tbe competing bid, for Ihe rutun:
f;tlnfefell\.'I!' an: p", ...,nted. (Un rnrtu n.lc!y
the voting pfl"' C'" doe., TKK include llite vi,it'
IOlh e .honlist countri csbjilhe .., lection
comminee t)

Anilal .awlfnee deserve. ack nowledgement
for the effnrt .he has marie on behalf of
international ICOIL<liu Olllani""tions . One
such task has bcen the job a.~ lheA sia Pacific

Editor for Noise New s International (Nl\ I) ,
a quarter ly mag<12'ine publiohcd by INCE.
Thi,bas roquire d oumm "-ltiCl>ti"" withlhc
""ti OWi organ isa tions in the area and lhe
prcpar:ltion ofrcl", 'ant maleri. l ",hieh is of
intcrest to lhe intc'fTlation al "'a tl......bip or the

rnaga.<iM . She Iw al"" prod llC<:dan t:ditorial
on an annual bn,i " Ma rlon 8..2"" has
now hccn nomi nalcd by INCE to take on the
lIISkas theAs ian l'McificedilOrfor NN I.

AAS web page
Duting 20t'll thC flCW'M:b page for tbe AAS
was c. lablillhcd. A major advantage bas
ht.'Cn lhe ~i ttlrhfieat i"n "fthe web IIId", .. 1O
.. ....." eou. lic.. ... n.ou. FuJ1,1lIti. tica l data
on the ",,~o'" 10 Ihis """h page , h,,..... Ihal
thcn:arearound 3,OOllhits pct'm o"th , ieover
100 I"'r day. Around 70% 0f lhescbita are
rromdolflllinna""", out.i deA"" tnolia, Most
the hits are dutinG the ,",cldays wilh I c!car
dmpoff,.,.,.,. rdothc end oflbe week. 'The
hIL,i cst times are . round 90m and .round 2
pm. It is lTYo-arding to note th,t there are llIl

man y acce . , ing tbis use ful resource
rnaintaiMdby lhe Society.

The Austra li:an MOIIs" eal Socie:!y is
repn:se nled an a numbe r of Stan da rds
A.... ralia Comm it\ca. 11')' mcmhcn workin l
in fi e lds of aco u, lic. related 10 tbe
cornm inees """", . It i. irnportanl lhal tbe
S<H;iety COllrinues to be represe nlW 011
StandardsConuninees bymembers . .... tlw
thcy plO\lidefeed--backlO the Socict)rOll thc
aet ivi ties of the Comm in.....

A ~acaocy has arise n ill the AVl l3 Conuni t
tet' Audio logy. AIrtmcmbcr who \\OUld like
10 oomiltale for this romm inee i. invilt:d 10
prov ide a brief doscripti on of their
""I"'rience in this r",ld and return itby~

2g Fcbruary 2002 to tbc Gcncral Sccr<:tary,
Austra lian AcouSlical Socicty , 1'0 IIox 903,
C,-' tlem aine Vieloti a 34SO. nr
WlItki''''d@n", lbpc.org. au

Professor Chris Fell has taken ""er from
PclcrCulien as the P"" idcnIO f FASTS . He
has nomin. tt:d ash is llrsttask to establisb an
agenda wilh a new Fedcnil Go\'ermnent and
a ncw Ministef, CbrisFeUha,comrnented
thOltwc lvemonth.agothe lidcwasrunn ing
our way. ll>cGovcmm cnl Wlls moving to
respond to rcp0<t5 from Ihe Cbief Scientiot
and the Innovat ion Sum mit . an d the
0 PJl'llSitiOllW'J ' ta!kingupitsintcntion tore-
energi", sc ie nce , r~"'.r<:h and higher
edueal ion. Thel"'esenl . ituati on o ffers
intere.t; "g cha llenges The new
('"",errunet\ t's a!<Clldadoes nnt appear lObe
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crO\Olded. lII>dCluiJFell M licvn theywill M
Il!CC'Pli"C'lOrk'WidcalI .

AU5tnl.lilIo sc ienlil ts and teellnolog im lLavc
1"'-0 prieel e"" co ntri bulion. 10 ma ke 1o
politician s in Ausmlia . ideas andlOlulions.
Both these qualil ie1 arc in short oupply. and
add 10 !he i"'J'O'Ull"e ofour ttgUlor eonta<II
Wilh Parl iamenlari~n. >1 nal ional and
re~ional levcl. The uniVCl'liily ocelOTremai ll:l
oncof lhc grcalunrc. nlvcd iosucsin
AWlra lian pUblic life. A decline which began
15 yeani ago is eonlinuing. The pres """, on
aca demic. to re tfn rm moTe lasks i.
itllT=i;ng, . ' !heir oalasy 1C\<C1sare 'leadily
sliding down the ladd er on inlem ationa l
co mre lilivenc... The qua lity of
inn,."lrucl1ln: deelincs ufund'ngpresSIJrcs
in~. :"leithcr lllijor paJtyKCITI.",illing

totae~lethe i_,

FASTS Counci l !.1eclll1l: mil year was an
opportunity 10 have. wiclc-rangi ng
d.iscw;, ion on 5lralCllYand iswcs lOWe up
al Pl rlil mnl l..-y and burelucratie levels
Membc" will be ,nviled to suppon lhree
maj"r llCti"itiCl<this year: • forum at lhe
National p",.. Club in mid_year; "Science
m"" .. Parl iamcnl' Oaya tth e endoftneycar;
and to en mmenl and con lril:>ule idea. 10 the
ncwedili,moflhe FASTS' policy docum COl

Eureka Priu s
Thc SIO,OOOMi<hacIDaleyEtRbPrize i>
a....anlcd to an AlI<lTIIian joumaJi Sl(.) or com
muniCII<ll(.)"""-'se ....n u ..""C'SCdashaving
most elfoct ively commWlica led scie nlil'ic
and!orle<AAo logical i..""", to the public
Theoc i........ indl>de lhcn:rtural, phy5icalor
al'Plicd scicnrcs(including agricullUl"al.ci 
C1ICC8), JT, tcchnological innavalion,dc>ilOl
ar>ddevclopmcnt, heallhsc ience issucs, ... ""U
a. workthatl""sents!hc'lOCial and/orcco
nomicconscqucnce of sc icncc and ICi:AAology,
Thedeadli.... flll'subrnissjoqis I7!0S/2002

The Insti tution of Engi1\l:cf$ Auslra h.
E= kl f'ri ze fur Engineerin~ In.......,.l;on is
awarded to all individua l. busincu. compo.ny
or cuporation for ooNandingin.......,.tiooin
!he conceptio n. de:sign. imp lemental ion or
n:deve lopmcotpll.lscsofa picceof cng incer_
," g ....,rI<. Enmes must contain . ITIIjor
emphls is oncnc proce, of illllC\lalion, and
rontri bute lo thc concq>t o f _llIinahillly,
The pti>e If ' '' 1ue-d" SIO,OOOand the <kad·
Iinei, 11',flY2Ol12Morl' i~(orm;orion on bot.h

Ihese p<i= [10m http ://....ww,smonline.
llCu uJeurekat

Neva on Nelse
'l'OVI:S<; icoceinthe new. ' i. lwcbbued
educationol tool init;' looand "", imained by
lhe Australian Acade my o( Seio.'1I!X. It . itM
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10 provide . ace D"'t,.oo up.t o-date
information on lCienli l'ic, matl>cmatical ,
bcalthand.en,-ironmcntol issues in the .........
fOTscn ior hi&bsc hoo lsludents.. The p;lre '"
an: grouped into ~cncnl 1000ie ...-cas of
hel llh, CIlVironment , biolog y. physical
SCiences.IecAAo I"l)' s nd m&thematics The
papc ", lIavc somc kcy tul willtl ots ofli nks
100 1het """b pa~cs for dclllik,d infonnac ion.
EMIy in 2002. ne....paper will oppeM on this
seties enlit led 'Quiet Plea..:! Fight ing Noise
Pollution 'and you can ehcckiloUl on
hllpJ lwww sc ience .ot ll·auftl<Ml!indcx .hun

NoiseWork 5
NoiscWorb i. all acou ll ie c.!culalion
s PI'Cadsh«"! prog ram produced by
SoundScien ce@,WM - p.If1 o f Wilkinson
Murray Ply LIIl. It a1101o.. for quic k and
Cti)' ·to- folIowClkul. tiOM using ocu-.'Cand
!hird >()Ctawband iJ'CC1T3. Thccalculalions
arc performed in worbheeu. ,"'hieh can
conta inlnyn um!lcr ofr;pcc tra, and arc savcd
in ......n-..h .:et file. wh icb can contain lUIY
nwn bcr of worl<.hec:b, Dalashc"' s prov ide
aeee"lodalaha"".of ,;t"rcd so"ndpower
Icvell. trao""' i... ion lll,,-'va luC",ete .SI""'\I1I.
e1nbc lltllpbedand primed in a vatiely of
formals .

And it 's FR~: E . The program can be
downlOBdcd by going 10 Wilkinson MlII'I'a)"'.
_ b . ite ..................TJlpLcom.au andfoll.-ing
the link,toSoundS<; icnce@WM .

Social Survey Catalogue
AcahlJogucof residemial commWlitynoi>c
""P"""" . urvcys l= bccn posted on web
Th ii <k><:umcnl wiliheinvalllllbleloanyone
llIldcnakin g social survcy son enviro nmental
no;oe;"'ue•. The full eilation is "James M
Fields, 200 1: An Updated Catalog of 52 1
Social Surveys of R..,i dcn l.' ReaeliotL. to
Environm enta l Noise ( 194)·201 10)
NASAiC R-2fMII-2 11257, Wash;nbotnn, Il C :
Nat;onal Aero nautics and SplICe
Admin i,mll ion." It can be downloaded from
lhc NASA langley Re5CafCh Cenlerweb . ite
bttp:1I1eehrepons, larc,nasa, govlltni ind
scorc h using the l"CporI num be r (2001 
2 11257)

Proceedin gs on Aeeustlc Shock
Semtnar
Proe.,cdings from lhe Semin ar on R il.li n~

Aeo"slic, Shock Mid in Fren, anl le in
September 200 ] arc !lOW availab le, Th i.
.e mina' covered" broad ' f'Cetrum of
infor mation from researc h Slud'e s in
Denmark, UK a nd AlL~rlia . As ~U as case
studie, from an OIOI. ryngol081,OCCUpaliOllal
phy. ieian, audiologisu . nd a psych ologi st,
!he legal ramifications of &Couotic lhoc k
injury ...as discussed . The CD RO M of the

proo:ecdingsi. """, availshle " I cost of
AU 19 pltlS 10% GST and poIQl ge ofS 27 per
CO . Th i. C D il . vaolable from A& K
Co rporlte C(M><:epto. lei 01 93 32 7636.
ai.oc@:(l(ll.uaIICl,eom,au.
...ww .inboundau • .• kcc .com. ...

Pm ceedm gs of Noise-Con 2001
Proceed ings from Noisc.con 2001 held in
October in Pon land Maine arenow available
The thcmc ofthis ">IIfcrence was Noisc and
Planning aoo oomrri.cd P"l"'rs in lhrcc main
stream . : Nalional and Internalio nal Noise
Pol icy ; Tran .portal ion Noi. e; and
Cornmwti ty snd Indut trial Noise

AI... on the CD.", the procecdings of the
Noise·C on confenmceo 1996. 1997 , 1998 ,
2000plllSlneproccedJng. forlhc l998
SowldQuality Sympos iwn , Thn:elcclmiul
~pt-eplll'Cdror llNCE an:includcd

Noi'IC Emi"ioos of Road Vehicles (200 1),
A_a.,men! ofnni"" walls (1m ) and UJlIlCf
limit< on noise in l"e worl<place(l997).

The CO -NCOI is available : for US S70
inci "d ing po' lage fro m
ordcr(~)boulr.mal<lcr.eomfax 1 4 19281 6883

InsuLink
llradford In8llIalionha.rc.:enlly launchcd a
lcc hoica l insulalion bullet in de signed 10
pro>-i""t«hnici l infomJal ionon i" lICS lhal
affcc l lhc ins ulation indDstry inc lud;nl
n:gulllliOllllandstandards.easc stud ift,rk'W
prod ucls, sySlCmSanddeoign co ocepl' "
well .. intcmationlJ news. For your copy
contaet Brad rord lns ulalion on I SOO3S4 044
llI'wwwbradfordinsulatioo.CtIm.ln

Innovation In Acoustics Award
Al Ibc n:cc'1l1 Austrahan Aco ustical Society
Conrctence dinne r in Canberra, Michael
COltes, Managi n~ Direclo r of t N.C .
Engineered Mnleti al.<,prcscn lcd awsnb< for
I.N.C: . Innovations in AcoustiC!
Con lJ'C1,tion. for inncrva!ive applicalion.. of
1.!'l.C.'1 OECI- TEXT" ""OUSlk:!CXtilc$,
RcnhurslCeilinp,"'a'lawardedfirslprize of
a holiday for two in Pt:wt Dooglao. forlheir
Ripplelone and. Ripplete>: Acou.<lic Ce-ilinS
Syll c ms_ The Renh urst inn<J\lIhon was
seleciedcn l"e basis ofteam-.ork. lcchnk al
meri l. novel tyande>.po:.!f1 ll1C«'S>.
Sccon d prizeof fi..-c days accomm"dal im in
Hilton Hote ls, "-as """ r<led 10 1I0lyMk c
Indll,lries, of New Zea land, for lheir novel
IIsco fsclf-adhe, ive DECI -TEX '''JDinair
handlin gun;ls.
Tllirdprizeof onedozcnboulc."fWylln·1
Coona"", rra Shiraz wllS3WlIrdcd 10 Marma ll
Day Acoustic s for:spec ifyingl>F. CI-TEX'''
wall lininp in tl1e high prof ile Fcdc.."' ion
Squarocinemas projcct.

Acoustic::sAusualia



Achieve the ultimate
with Brliel & Kjmr service
Bruel & KJCElr offers faste r and bett er
serv ice than any other lab In Australia
• at very competitive prlces l

For more information on how your business
can save on repairs and calibration cosl s •.•

Call Br Oel & Kjeef's
Serv ice Centr e today on

02·94502066
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Co nfe n-ncfProcft'd ln gs

Fromits incq'Ition in 1%4 ,,-,the NSW ond Voc·
Iorial>ivi.ion .. .., d its incorpooationin l97 1.
tb= MYfbml around 63 AASand AAS-relat 
cd Coofetfnce!i and Symp.", iwnsheld in AIlS

tralia. FortOO",among \l'l 5UCh"'Ill)'""lfwho
arc intere<lro in chronidinll our acoustician, '
""t",ily,thcprimroPmcttdin~m:: av:lluable

record of """", ofthell """' and re<earcbn. I
would be into:teStcd 10 he..-fi'om all who have
corie"of anyofth",., Proc=lin~ which thL'Y

no longcrwi<h lo kc:q>, in oltle. that ~mighT

arriYfat a mutll;llly allret'able armnsm>en l for
thei. transfer. Pln<etomact mt at24lCo tham
Rd, Kew, Vic, 3101, by ph""" on (03) '1M11
1 ~ ~ l , or by o:mai l on foovyp(<li pac i fk llCl au

f., Ju/.• fhUV)'

rn e [ , pt' rt Wl t llc• • a od Paymen"
Many lawyer!laccql t clailTlll for wor1terlcam_
pen><ationon a 'no-wi o no-I"'Y' I"Y"'ft'l basi.

AS~lfS,J\"thei,jobtodothe upmosllo

willthec....efortheir d~.Thisi.of course

prov i<bl tlta t the"""l' " lI>'nuine
Willt hcarin& ......cornpm;;!tion clai m.. mem
bers of the AIlSmoJi l o Acoo!lt ica l Soc iecy

(AASl ;\R olk... ff183Sod W """,ide 'e~perf

OJ"n_for\lSlea<~of not>l: ... po$IlrI'

andlikf ly elf«li of hearingdamagc lolhc

"I'J'licantM~oflhcAASm::alsool\en

~lO proo.i<k anopinion forll-'C"'evi

dl'ncc in env ironmen tal oo i"" di >ptlle:<.

~b"'~CII1Y OUl lhc ta.<c on the'no-",in

n<>-pay' paymmtba.i. it is in t:hei'in~lOlry

topersuadelhcexpen "'itne"wacet:jltthe
samc:t=nsor.imibr tmns (i.e . a higher hourly
nlte for . 'win'resuhl

However the e~pt'J1 witnes s i.. or sbouJd 1>:,
bound by . pro<edureu'cOOeofcondue t laid
down by the C"urts. For ....amp k the I>i,m ct
Court ~, NSW,states that thee..pert
wime"" has I general duty W tbe Coort rather
that Iu the pe",onretaioing the ,-",pt'J1. This
includes "...anoverriding duty to a..sist the
Court impartially on matters relevant10 the
expert's aeea of expcrtise" . The Court' s code of
pmct ice specific ally sta\(;~ tha t the ... pert wit
ness is NOT an ad...-..x:atc for eithe r party.
Shoul d the e..pen witn<:sl; be persuaded to
ac<:tpClheadvocale's'no-winno-p ay'paymetl t
basi.. or even I highc r fee for a winn ing resul~

thi. v.uuld place tbe expert in an almost impo!!-'
~ible ~tion to maintai n the impartially that
the CourliM iSl!lon

In my view, expen ",i mcstl"Sshould 1>:paid
bef"", tbeycarry out any worl .cjthern:por1

"";tin!orCourtappearanceo.lbi. i.lO enolR
thattheya~oolinn~OftemplcdlOpr1>"

videcvidente that thcybcl~ lhe person

. etaining tlw:m wan\l; lO heaf Talhcr than lhe
lOIaIimpaniallywltich """ a1IMrl,V,'ltm-lhe

time to 1>:spent i. unkOOW1l,. ro:l.1Imngftc
shou ld be paid in advanoe, toei tlterlhe c:J.pen
...-;....... or. third party .

Perhapsthe AAS """"kltw.-e.codenf practioe
fOlpaymc-n ts lO... pert ...i lrlt«ef. I would """I·
romt ulitcrsvitws

Q"
Meml>e. Kc'th Atlison,R icllard DcYereu:<
AsS<.>eilll: I'de . Patrie~

'"Gra<itlate Sylvia Jnnc .. llian ne Willlams
Member Mictw:I Sotlivarl

I'i SW
Associate T<myWelibnu rne
M...-nber Stq>hen Gauld
Subwcribc. SreveMarlor

ACOUSTlCCONSULTANT/pARTHER
Noise Measurement sewces Ply ltd . Bris

bane , wou ld like to h~r I. om you ~ you are

iott!l"esled in a parlnersl1ip in a growino
BrtsbarM-based acoustical COt1SllWlcy. The
buSiOeSs wasestabhshed in 1999and has

ane~cellent potenballorglOW!l1.Form lll'e
iI'lllll'malion in cootidenee pleasecontact
Bob Thotne on (7) 3217 2850 or-ema.,l
bobtCtei<C8l.CGnl,au_. ~
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Gib."Sound Bar rier (GSB)

Timl>crfloors in domestic Situalions present
part icu lar noise prob lems, both be tW<':en
differem spec.. within the SlIme house or
be1ween different occupancits in multi-unit
dwellings. Com...mional framing, flooring
and lining sysICms provi:ie inad eq u. te
protec tion from airborne sound (iru;ul. tion
measured by STC ratings), and also from
impact sounds (me:.sured by IIC ratings). A
need has been identified to improve rhe
oprions avail. ble for simple, effective and
practical sound con trolthroughtimbertlO<lTh>
and to complement \he existing range of
products tlult male up ligln frame floor
systems

Gil>R Soond R"~er (GSB) i . a hil!h -density

gypsum fibo:rt' OOIrd slleet mal<rial intended to
be u,.,.j a.,a sound cOfltrol u~derlay to most
eommOIl floor finishes . Wh ile its
dcvcloplll<llt ,,~ initi.llyaimed al thenew

timber-frame conslf uct ion market, in
p. rtieular multi_unil developm ent, the
m. teri.1 will also be useful in ro ncret e
constrltCtion and in rerrofirtinge.isting
buildings

Informati on cont:lCt: Steve :vIad ot, Duroid
PtyUd, Pnva te Bag 800, Wetl>erill Park
Sydncy, NSW 21M. Tel: (02) 9 H7 3088,
040 8 278 60 6, Fax: (02) 9725 5992,
smar lo,-',6fleteher,oom,au

Wars ashScientif ic
Indllstrial Vibl1ltlon SeniOr fo r QC

Warsash Scient if ic has ~n nou nced the
ava ilability oflllc new, non-contaet lnd ustna l
Vibration Sensor from Polytc<:of Gcrmany,
the IVS-2oo, Designed specifieal1y to replace
acceleromc ters for on-line prod uct ion
vibration testing, this low cost rugged ized
la",r Doppler vibrometer uses ane~,"fe

visihle I. ,;"r thaI is aimed a~d focn,;"d onto
the part heing measured. The primary
appl ication oft lle IVS·200 is (0 mooitor,w itll
the goa l of rcducing, any defccts nr noise and
vibration in manufactured pan s, enablinS
fa n e r non.oontac. l oo% GlIality conlro l,
improving tmle -to-market aOOturnover. As
the mearurement is Guantitative, the defects
can be characterised and yield improwd
dramatically. Simple 10 insll il andoperale,
the lVS_2oo has a vana hlc foc..s lens 'y stem
for .....olling distances rangin~ from "bout 70
mmt 02 oo0m m. The focus can he locked fot
tam per-resislam permane n: insta llat ion ;
The unit is boused in an IP64 industrial
casing, Applicat ions include quality conlrnl
of AC & DC moW'S,vibratio~ measuremcots

Acoustics Australia

on any pro<lucts using e lecl ric m..loTh,
pu mps, noise control on gcarbo xes,
transmission, steeri ng devices and otber
autolTlol,veeomp un ents

Inform.l ion comacl Derek Huxley at
W. rsa, h Scienlif ic on (02) 9319 0I 22,or at
d.huxley@warsash ,com.au

DAV IDSON

So u n d Level M et er

Laroon D. vig System 824 Sound Level Meter
combines oound level meter and re. ltime
attalyser eapab iliti.., in one small, rugged
package. The ins trument is user [riemUy,
flexible at>deasy 10 u.'C, ',,=tilc andh...
large data slOrage. /l measures slow, fast,
impulse, peak and Leq f()l' A, C and fl. t
weighting, s imultan"" llsly. The op.inn. 1
ac,;essories givc tllc unil the capabiJitylO do
full and 111 oelave meas", ements,
environmental logging, bigh seed real time
analysisforRTca k ulationsandFFTa nalysis

Information from Davidson,

~3da~~;~n4::'a~nfo@dwidS<)n,comau.

ARL
Rion NC.7 4 So u nd Callb ra mr

Acoust ic Researc h Laboratories announce
lhe rele.se of the Rion NC_74 sound
e.l ibrator in Australia. Tbig new calibratnr is
complia!lt wi1h IEC 60942:1997, Cla.. land
canbeus<:dto calibmtc Type 1 w lUKl level
meters with 112" and I" microphones. 1be
NC-74 i. small and light weight _ 200 g
includingbanen es - making it easy to carry
. nd use anywhcre , Soph i' 1ica ted des ign
mcans that the NC-74 automatically
compensates for atmo; p heTic press ure
flllclnat ions so thal manu. 1 oompen'l3tioo is
not rcquircd

1be NC-74c omplemellts butdoes nolrcplace
the well krtO\101t Rion Ne-73 calibralor which
will conlinue10 be a.....ilable for applicenon s
nol requiring . Classl c. librator.

lnformal ion Acoustic Research
Laboratories, Tel 02 9484 0800, your local
bra<lCh of AAL "w
W"' '''. MOUSIJC fe>oearth,cOIn.w.

BRUU ..& KJAER
P UL SE fi.l

With Version 6.1 of PULSED<, Bnk l &
KjlCr'S l<Oun<l and vibration me. surement
plalform, we can now o lle r: Spatial
Transf"rmar ion of Sound Field. _N earfield
acoustical holograp hy on data g"Oncrilted by
acoustic test consultant for near field analysi,
and soorce location; sready state responsc
analysis and arbitr.ry waveforms on i'li LSE,
improved modal soluhons-lwice tile number

of suppor ted channels, mult iple-input
Multiplc-outp ut(MIMO) "nalysis (supportcd
by Modal Te;t Coosnltant(tm»); and a new
~sion of openlt iona l modal an. lysis ,
envelope analysis- analysis using amplitude
demodulation, e ,g" for thed i.gnosi so f roller
bearing elements and the identification of
gear bo~ faults, PULSE Interface 10 Sonyl>
SIR-lOoo Software - allows data to be read
direc tly into PULSE on your PC from .
Sony® tape streamer via a standard SCSI
inlerface

Sony" AIT SIR· 1000
With any of the Son~ SI R-l ()()(J seri es you

have a stale-o f-the- art AIT (Advanced
Intelligent Tape) recordcrproviding a non
compressed slomge capacity of 25GIJ per
cartridge and a data transfer rate of up to
24Mbps. Des igned for a wide range of
measurement applicalio n" the Sl R-1000
sen es includes: SlR-1000i -16channeisof
analogue da ta to 20kHz (can he expanded up
to 128 ehanncls) at>dSlR-l ooW -wideband
analogue and digital s igna1s (e.g,, 4 channels
up to 160kHz, 16 channels 10 40kHz)

And 10 make thc series even moreaurac tive,
the PULSE Inlerface 10 snny@ SIR-lOoo
Type 7774 sollwar e allows d.ta 10 be read
directly into PULSE withom using . front_
end from a Sony® ta pe slreamer via a
standard SCSI intcrface. Type 7774 provides
l!>euser-imerface foreontrolling thetape
streamer allowing you 10 control playback
and playback ,pccd , PULSE treats the data
as if it was coming directly from a data
acquisition from.. nd and analyses the data
d;reetly as it is being streamed from the lape
streamer,

Imp actllammers

Brue l & Kj= has launched a n",, ' line of
impact hammers with integra l
DeltaTrOllJMSOTRON<ll line drive for
excitation of everylhing from sman disk
drivcs to Jargec ivil engincerings truetures,

h perinlCltl. 1 moda l analysis has evolved
ovcft he lust two <!ccadcs ", one of the most
popular tools for investigating the rootcau,",
of e>.<:n>",,'Csound . nd vihration. The reaoon
bchmd lht. d<:Velopment has much to 00 with
the advent of the PC, the availabillly of
Inexpensive moda l patamele r extraction
soft ware packages. and the inslrumented
impact hammer. In less cri. ical . pplic'l ions.
the impaCI hammer has made simple modal
testing po;s ihle with tremenoous ,,"viTI!,:' in
co; tsand tC't limcs..

For scaled modal modd s requiring an input
forceme asurc ment, tcste ngincers can choose
either an artached mcthod, suc h as a n
e1eclrodynamic exciler, or a hammer fined
with a high qua' jty I'iezoe lectric (PE) force
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CSR BRAD FORD
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\\t1 itpcrJct
"Thc...........JclF-. ..it itbncd .. fmIedI'.
pop.oIar~tericsbn"""'"'-.lror

JI""o"Cff1t/andmoahicahau5lcaplbihta.
Thc lulcomnllot'.~fm.""'OCC

silcooal ond. two opml .....ilCh in I";ZC

nm~ of 130, 2lIO.2S1)ond 313mm. II pro
~idcs vcnlllat.... 101ltl;om for offICe1etW"\C)'
fi t<>ulf, . ""h u uli]ityrooms. confcrcncc
roorm.,untco:nsor «>mpu ICrTOOlnl

Informal,on: Fantcch, le i 03 9%0 2m.
info@fantcd u ,onuu

Ullnpbo.

Br.tfotd UItnphon R. hIac.k""-" lbaa
!abric......... 1ini"ll 0 tfcringa..lJcnIb\wd
Nnd -..nd .Motprion. II lui Jood
<timens_1I .... bi lity and renwk.a bl.
...... i........,oervi.. lCTIIpcr3rure ot' 3SOq. It
ia_eomlJuotiblc. f ll"C fC!iimmond hiihJy
.....istanllO . l\;\c.. by rtlO5lc hemical.. h il
dlJl'abl('bc i"lllln.off ec:lcdbr Sllnlighl. fungtll
or bacll:ril and ;'easily de llned by wiping
<kN.lIwilhld:unp d o1h.

ln fOf1l\ltion , CSRBrad fonl in",l alion on
1800 l Si 014 or
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Research Posit ion
Musica l Acous tics
This 2-3 year position. at post
doctoral or senior research
assis tant level, is part of an ARC

collaboration to investigate the
acoustics of the didjerjdu.
including the interaction of the
bore, lips. vocal tract end vocal
folds. The candidate ~hou l d have

skills in some of: acoustics,
experimental physics. signal
analysis and lTlOdelling.

The candidate will spend most
time at UNSW in Sydney, and
some lime at the Univers ity of

Melbourne.

for moreinformalion;

",ww.p!lYS,lI115w.edu.alll""iw!Ad,hlml

Ail'ro fJoe Wolfe

J.Wolfe@l,II1sw.edu.au

or AIProf Lloyd Hollenberg

Ltiollenberg~rhY'K:s.unimdb, edu.au

Al:ouslicsAustraliil

\~~ ACOUSTICS 2002

AfL..!.nnovat ion In Acoustics
, and Vibration

13 to 15 November 2001
Adelaide, SA

Hyatt Regency Hotel

Papers o n all aspects ol l unda mental and appl ied acoustics

AND special sessions on Underwate r Aco ust ics

PLUS Techn ical Exhib iti on

PLUS Tec hnica l Tou rs: Whisperin g Wall and Wine ry

PLUS Socia l Act iv ill es : welcome functio n, con ference dinner, break

last. lunch and tea breaks included in the registration .

Call l or Ab str acts nowava ilable

Information via www .acous tlcs.asn.au

Or con tact Acous tics 2002 , Dept Mach Eng,

Adela ide University. SA 5005

Tel; 08 8303 5469 Fall : 08 8303 4367

aas2002 @mechang .ade laide .adu.au
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NORSONIC

Real time fre quency
analysis as well as
statistical analysis,
you /rave it all ill hand.

G.R.A.S.
Sound and Vibration

• Conden ser microphones

• Outdoor microphone systems

• Intensity probe s and calib rators

• Probeand Array Microphones

• New series of Hydrophones

and assoc iated preamplifiers

ETMC Technologies
619Darling Street ROZELLENSW 2039

Tel: (02) 9555 1225 fax: (021 9810 4022 Web: www.ozpages.comletmc



l ;.
OVER 2500 CUSTOMERS AF
ALREADY USING PULSE
PULSE'"MI~ pIM10rmIs modWl

' . lo'Illseela~endfortnst"ebMI'b-1
.......~..:Mg r>Umbe' of"""n<lIl~

Vlbraliona~ons_ Builtooyu,.,

BrOeI& ~koowIedge. e~penence

Ir'ldhr'lovlll;o., • • lomisasolidfouoo 

ltionfrQl'11wt1ldl you e3il ereate a

'~~""IO""IIoIl_ your f\<l't(l,

NEWS IN PULSE VER SION E
" 128 Chl nnels

" l00kH..<Frequency Renge

• SonyC!SIR.iOOO"lnlerfa09

· Enve lope An.a~is

" Arb ilraryWaveforms

• Stead)'Staie ResponseA n. /yM (5

' MIMO An aly1;is

' STSF Near-fieid Acousti(;

l-fcIoQrapt!y v1.C1

I
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SYDNEY

Tel~02·9450 2:066
Fax: 02 -9450 2379

MELBOURNE

Tel: 03-9370.7666
Fa~: 03-93700332

BRISBANE

Tel:-07-3252:5700
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ADELAIDE
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PERTH
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