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Is tho: Sol;icl)ITendinll To Sdf~stn.ICt?

[tis soe... yto ·l~it toochCTS·andlo

COIlVincC)'OlIl'Sel fthatYOUlR!IObusy lM t
you don' t M~C lime: to ItOto a lllC""ieal
mo,:eting or Society conkrene<: . Yet sun:ly
one of tho: main pllrJ'O"CSof ha~i ng an
Acouslic alSol;ictyistofaeilitalei nleraction
bet\\-eetl rncmbcrs . lfmembers co nlinually
fail toallend fum:lions, ignorCopporlUnilie~

toc~chanllc ideasand inform olhers of their
aeti~il ies , then much ofthc ~alue of ha~inga

Sol;icty i. lost . Thislaekof enlhusiasmClUl
spread. Evcn the ded icated few may bccom c

: "It;::cned and gradual1y lhc Sodcly will

Sooflm lhaveattcndcdateehnical mcetin g
where only a handful of memben< ha.....
attended ,lrecali oneembarrassinllsilevisil
where the four staff members wllo had

wa,led back thaI ""c ninlt to pwv il!e lhe
leehnic al e~ pl...alion . nul n"mhercd Ihe
threeSociety mem bers who mana ged to tum
up. Olher occas ion s may b re hen...-;
"""ever, il UlleneraUy a su!:Hel of lhose
IWenty or ... m"m bcrswho.neod regolarly,
Whal happened 10 lhe many mnrc memhen
who never ancn d anyevent1YouITUl)I c1aim
Thai il iS lheir 10" , lh~ mi.., 001 on the
sTimol ation lhal a technic al mO:Clinll
provides. lIowe"",. the lo•• i. llrea.'er lhan
Ihal. Frustralion Ilradoa lly overwhe lms \he
organ isers. Is it wort h ane nding meet ings.
waSlLnll lime arra ngmg a VIsit ororganisinll
a gue.st speal er, when few app_ iatc )'O\lf

c lTorl'! Frustr.tod, they gi"" op.

The Societ y includ.... manyt8lenled poople
The rcceta c1.....non of four ITK>fe lI1lmIl>cn
10 The grade of Fellow is onc ple aaing ... pcet

1lIe learn that clKltinuoo.1y produce s this
J(lUmallO lJIIChahigh ",and.rd ~OIIr

acc laim . F..ach Divi. ion is J'OI'"red by a
I!\roul' 0f indi~;d""I,"""" f;Onl;nltO\lllly . !ri .....
to introduce innovaliy<: lllChnical meet inlls
and stimul' l ing con ference s, as well a.
pl(Wid,ng a J(IC;a l environmenl for 'I'
membeR. aut" stron g Society neNi I1'IOI't

than l~e ded' cated few. h ery me mh<-r
~hould tty, at least ()l;CUiona.lly, 10lake to"",

ro le in Soc icly ",-,hviliel . Encou rage
anociales 10 join lhe SOCiety• •nend all....1
nne Of lWO meetings each Y'C1f, conmblu
papcR 01" news ilems 10 conferences Of

AWUJlicoA... tnl i... IlIdC'Ul ....hl/ll_1O
ju in Div is iona l Com mil1e1!' . 'Ou'
invol""""-"' I can help UcpOUf Society from
fad mg •..ay d~to lackof inter'tSl

O ItJr/... Dc>~

I wish 10 c><press Ihanks to Charles Don for
his st.....nk hip of lhe Society during hi.
tb= lerms of oft·ice, 1995-6, 19'96-7 and
2001-2a, l' r. , idenlas well as terms as Vice
President ~nd Co uncillor Charles is
c urre ntly worki ng on prepara tio n for
We, pac S in April 2003. His mes s. ge
premnod above ~i llhs he~~i1y on cound l'!
delibera tions

The new council elC<.'lod aflerlhe AGM i.
t.k ing on the l.l<k of feasseu ing the
Society 'spri orilie•. The Society held ilSfi rst

fonnalmeeting on Igth Apri l 1971 w;lh HV
T. ylor a. Pr6idenl and has now bten
establi.be dforO'l' er30yean TboSoctery u
largely su.xn.> fu1"iith nearly 400 memben
and "'ttS250.000 in assets . We ha~ 1teld

many succes . fu1 Annua l Con ferenc<'S and
Intcrnationa l events, loca l lllCbnical
meetings and social eveees. ACOUstics
Allslralia is " pmfes.sion,, 1 <tnd
;nlemation.l lyt=lgn;sedaeoumcs joumal

Is lhis all~ want? II is _ lime to pa-:,
take rnock and set a c1ear future direction 10

be ~ lhal lheSociety;" dehvering whaliU

mtmbeu ....a nt. Cou oc il and Acou .. i..
Aoslral ia will be anend inlj: an o'..erltlgh l
...nshop ncXl)'Clfloidcnli /)'. 111we do,
whatwe dobeostandwhol .... . houldhe
doing. Onr 0Il1""",, will "'" a memben
""""'y allowin g lhe full memhenhip 10
allocate priority to tho: ident ified possi ble
furwediroctions. lurgcal lmr:ml>cn lo
"H'o/t",t, T1ti. Spdu,w

\
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BANDICOOT - A NOVEL APPROACH TO
USING A PITCH-CATCH ACOUSTIC PROBE
FOR FIELD NON-DESTRUCTIVE TESTINGt
Laure nce P. Dtcklnson & Suszanne Thwaltes
CS I RO Tell.'i:om mu nlca llon lind I ndu st r ial Ph )'sics, S}'d ney

ABSTRACT: The aeous' ic Pilch·Carch pro~ i$ COIlUIlOIlplacc in the world of ... rospece llOO-<Ie<tnocti~e testing for tht-~on of dd.-.:tl
within II comJlOS;teaandwich panel. However the usefulne.. of the technique il l.e king in IIWI)'~ being cumbenome to ...., ond
generally very ro<lly. Kuildingon several years of ex perience, • new IJlplWCh h"" been taken byCSIRO tO P~1 simpk and~ti le

,-ystcm \hal ;l>COlpOfa tell an opt,mi.w Puch-Carch probe witllin an optical computer mouse and combined with • notebook COIl>J'ulC'f. 10
proridc: • fully r•• t....,.) seann ing 5)"l.I:m for II fraction ofme .",t of . y. lCm5 cum,m ly availab le . Thi. paper describes lhe I l'!"'*'h Wen
and <omeo ,flhe underlyingrncan.:h in dcveloping lhe Bandicoot

I. INTROD UCTI O N
The testing of composite . consisting of a honeycomb core
sandwi ched between skins of various fibre composite
rni, tures pre <iCnt$ 50mc probleD1ll to the me of coovcotional
ultra son ic method •. The impedan ce mismatc h bctw «: n thc
skin andC(l~andthethi eknessofmanyofthcsc eomtruerion~

allen ua tes the ultrasouod 100 mueh for good transmission or
reflec tion . Thus it has become co mmon to use alternat ive
methods and, in part icular, vibr at ion al methods with
frequencies less than 100 kil L. A range of' such acoust ic
non -destructiv e testinl!: (NDn systems are co mmercially
avai lable and include the use of Piteh-Catch and Mechaoical
Impc-danee Analys is (M IA) techn iq ues . I) sing e ~ ist i n l!:

co mrnen:ia lsystems for the inspectio n of in-se rvice da mage
to aircraft can be co mplicated and very cos tly. ln man y
circumstances quan litat ive !" DT can not be carried OUt in the
field due to the lack of skilled personnel and ~uipment. with
the aircraft having 10 return to a servie e cen tre for inspeetion .

Trad it i una l1 y acoustieprobes have ~n used as hand

pic k_and_pl ace devices . How ever, Tec\"lltly sys tems have

beco me avai lahle where the probe can be anached to a C
Scan system. An exa mple is the MAU S system II ] built by
Boein g where a track is attached 10 the structure by suct ion
cups and the senstlr i~ mnved.by hand or a U10rnat i nn along
the track . allowi ng J'O'Iitio nal informa1ion to he encoded

2. PIT CII -CATCII ACOUST IC PROB ES
The Pitch·Catch princ iple is quite simple and widel y used in
acou~t ic. uhrasonic and man y other wav e pro pag ation
arr1 icaliuns . The co ncept in its 5implest fonn norma lly
inoorporat cstwotransducCTS.one con figured as adcdicated
driveand thc othcrnadedicate d n:cei ve ehannel(Hencethe
term s Pitch and Ca tch ).

The type of pitch-catch probe sho wn in f igure 1 is typ ical
of an acoustic freq uency NDT de vice. In J'OI'ular com mercia l

systemsthc transducers a~ generall y slrcngthenedf'Olarised

ce ramic bim'lfJlhs. consisting of t>unded ~ndwic hes of
oppos ing polarised piezo-ce ramie disk5 with a lhin metal or
ceramic sh im betwe en . WhL'Il a voltage is applied 10 the

Acoustics Aus1ralia

transducers, one ce ramic element will ene mpt toexpand and
the olher to contract. This action coup!es thr ough the adh esive

bond to creat e a bending or flex ing mode tha t ach ieve s a much

grealer displa cemen t amp litude than could bi: e~pec1ed from

thickness expa nsion of the eer amic elements by themselves

The bimorp h ce ramic disk s are norma lly mounted with the ir

edges free IlI1d mec han ically coupled to the test speci men via
a cen trally located contact pin .

Excitation in various com merc iall y ava ilable de vices is

usua lly a short lone bu rst or a swept sine chirp within the

freq uency range of 2 to 70 kHz. Variou.~ forms of ofte n qui te

comple~ detecrion and analysishave bttnused loprtlCCl;sthe

resu lt and produce an output indicativ e of dama ge . In genera l

these methods wotkquitewellin thatlhey are . en.•itivc to the

defec ts soughtbut in fact lhcy are difficult to set up and to

calibrat e. Whilst this may not be a problem for skilled

engineering perso nnel, it is very difficult to set up a system so
thai relal ively unskilled opera tors can use it to make pass/fail
deci sion s

Fi~I . A typicall"i lCh-Cateh probe configuratiOD

An earlier ven ion of this pap« WI>; pm;c nted at the 200 1 AAS
Annua1CO/lference. CanIx <n, :-;o. 'ember2 t-23.2 001
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Figure 2. Pitch-Catch C-Scan of an impact damage test panel

Figun: 3. Samc""an as ""own in Figure 2 above, but thistimc
the data wa.' proceosscU to highlight background !lI:attering
effects

3. r ue CSIRO METIIOJ) FOR NDT USING A
"I TClI- CATCII PROHF,

In re<.;ent years CS IRO has been Jescarehin g the use of a
common acoustic Pitch·Catch probe for detectio n of soft
impact damagc to Nomex cored (paper resin honeycomb ),
earblm fibre reinforced polymer (e FRp) sandwi ch panels
This work (2) provided some vcry useful lechnique'S for
analysing the returned waveforms . In particular, analys is
methods wcre developed that can isolate particular features
within a ICS! panel such as impact damage, backg round
diff raction effects, and even the core itself. Exa mplcs of sornc
relevant images are shown in Figure 2 to Figure 4

Th e Bandicoot hand -h eld sca nner
During the course of the study into soft impact damage in
Nomex cored CFRP sandwi ch panels, the idea evo lved that a
praClicalouteomeof lhe study could be the develo pment of an
improvcdPitch..(;atchprohe,hundledwith analysis software
developed at CS IRO, and incorporated within its own low cost
posit ioning system. The inlended pmpo se of the design is to

94. va 30 December (2002) NO. 3

figurc 4. A scan of a panel analy$ed to highlight thc
honeycombcore_......~.,

Figure 5. The Bandicoot demonstrator system examining a
Nornexoorcdtc sl panc1.

prod uce a simpIe and cheap NDT system
The resultant demonstra tor consisted of a Pitch -Catch

probe housed wilh a dual opt ical posino ning syste m, a
PCMCIA digitis anon card and a notebook Pc. The system
was given the namc Bandicoo t after a distinctly Austra lian
mouse-like marsupial

T he ha nd-h eld pro be
A typieal implementation of the Ba ndicoot design can be seen
in Figure S. The hand piece conta ins the dual tipped Pitch­
Cal~h scnsors and two opt ical position dete<;tion units as wel1

as severa l user defined contacl switches, Alsoincludcd wirhin
the probe are eleetr<mies for exciting the trans mg senso r, and
impedance matching and f ilters for the receivin g channel

The optical position detection units use light emitting diodes
10 illu minatea smallareaof'surface that isirn aged by a receiver,
Thc two dimensional cros s correlation betwee n successive
imagcs is cafculatcd givingxarul ydis tances for any movtmlent.
As the two distance vatues are in the coordinate system of the
unit, rotational motion cannot he detec ted and could cause

AcollSticsA ustralla



positional enun.. n.e appro;u;h talen in the BanJ icoot to
OVercoT1X !his problem is to usc lwo ll('lical position units
...'here the COl'TeCtion into the l1'ICr coord inale system can be
cakulatcdknow ingthe di~ncebo:two:cntheoplicaldo:tectors.

All positional infomlillion is COl1U1lWlicalcdbeck 10a l\Olebook
PCviaastan<.bnlUSBport.

The N.'C of the probe'~ .. Ten on slides. These: an:
di~bull:d outside the ami of the Ptlch-e at ch NOT scnwrs
;,ndtheoptic;rJdc1eo;1OfSsothat lhemti reunil is held level
with thetesr picl;c .

Micro switdiQ ;n a.lso sc:t into thc basc of lhc probc to
de!«tlift-oIf.Tlris isneceMarYbecauseiflhcprobe is lifttdoff
thepotnelthcreferenceooordinate ~em islosl.Al1UfT1bnof

sIr3legie5m-irlcorporated intolhcsoltwaK'tohand1etllil
contiTlgC'l'lCy. 1M contaee de!«tion 5mIOB~ Sltualed at !he
edge of lbe base in 0IdeJ to allow maximum senSItivity to bft·
off .

4. EXCITATIO:'li1:'1TYPICAL CO:'ol~ IERCIAL

PITCII-eATCH SYSTDIS
In most existing commerrial mstrurnomts the mer 'IdecU the
operl.ting poin1Sby lookingfOfthe~th.algi.-ethe

greatestdiff~betweeogoodandbad S«ti<ms of

pane l. Th is is ODe of the major contnbulory facton. to the
petQeivedunreliability of the method. Conmxm pilfalls~:

, Sdedion oflbe 1I\"fOtIg mode(eg . impubc, SVo"Cpt.,C!Cbn").

' Sckt:tion of thc "'TOO&~Of frequalcy ran:e.

, Mkction of lhc oprirM l~ mode_ Data &om the
~signa1 can oftmbedPplayedin.l'IUInI:a« ofWJ),"

, Interpretation of the display.

Only IlOOK' ofthete parametcrswil1 be controlkd by the
IISCT and tbc'ir U$et; are deah wilh in lbe instrudioru.
lICCOJIIImIriIli the ~km. Even 10 , npc:rimce is requaed to
impkmml them to the~ -.ivanuse .

T he Ban dk ool C'lt'lladon siraleg,.·
The Bandicoot system uses a w~hat unc:o'1\'entKlnal
ncitation signa l. Genenlly the excitation is quite broadband.
ln faetvenionsbavebcmbuill"'·herethencitationisastep
functi on . Howe ver the optimu m el<Cita lion. bei ng a
com pro mise between narrow and broadband excitanon
mo:Iboda, isa bunt of only two or thn:e cycks of a sine wave.

A narrow band n citat ion gives a beeter detection in
princ iple because ITJQSI defects in sandwich panels have
natural fJ'alucocin , dc1c:rmined by lheir siz.e and type. In the
pastthe lU>lOlling behindlhe LL'C (lf Pill;h.calchprobeshas
been Ilascd on the idea. that prora lPlling Lamb waves are
excited in the panc l and detected as thcy pass the rece ive tip.
Where tbe re is adefCCl, the mechan ical impedance of the
panel il chan llCdyiclding both a \k lay, ie a phase shift , and an
amplitude change between good and defect ive region s.

A lumped element model of a defeo;lhasbeen found 10 be
lTJQSIuscrut. The prop;tgatioo velocity of flexural waves in
IllIlIlwich panels ~ gCf1<.'f<lllylR therangc40010600m.s'and

is non-disp!.n ive IJ ). Ovn mudl of lhe frequency range used
forlhne proba thillPvcs wlwlengths largcr than the defem.,
makin, propl lll tion model. problemat ic due 10 the small ratio

of defect size to wavelength and lhe ~mal1 til' ~ion

lfmvre energy issupphed I I or around the frequency
where tbe panel best responds, thcn tbcre il a much better
probebilityofdetecnce and a moreaccurate estimale ofdefeo;l
boundaries. \l,'hen:th is frequmc:y il known this is obviousl y a
betterchoio:c. l n faetil i.noC u diffiCIIll uha.,~

tradi tionally thought to estimate thia I'm.jumey to within I
kHz 01" SO, in somecasn, on the baois of other known data 12J.

On the other hand, if an approprial e frequency ia not

known. then I broaohand ucitat ion maybe fIlOft tui table. The
main problem in using broIdband Cllc iwion il that unwanted
rnonanc:u. .....hidJ oflm fta--e a bigbn Q than the dd"eo;I
respoose.areallOucitcd Thncmay«lmli' fromlhepn:obeOf
from the to! StnKtlP"C. All wmmm:ial probo:s have thi .
problem . If !his rnponK falb a1 Of nev the defect f~

thefunctionins oftheprobeia $Criously comprontiKod.lf it is
su1ftti:ntty~l in frequency, bmd pua filla1.ag ", illlOhc

the problem buI the filter DeCCk 10 be of a vay high Q illdf lO
1l1eDUalCtbac rnorwJCa llnbout attmuatilll the dcsim.\e
pan of the responK .

Signal d igltlsatlon and pnK'ro..s1ng
On board the Bandiooot probe , the recewed ..... --efOl'lTl is
passcdthroucb ·krw puafi~foranb... liasin&.and a high
passfiltel'" toreducemeo:hanica1, s1iJingandbandlingnoiw:.
Thea it is digitisnt ....ith a PCMCl A dau lCQUisitioo ani in a
DOkbook PC. n.e cwrmI ~uisition ani has a m.u imwn
sample rate of 300 "Hz and a l"-btt AiD ~'"MCr.

Tbe system is configured by the user in a Kt ·up Wlndc.>w.
in ......ich the dig ,tisal, windowed wlv efOl'11l and the f IT In:
disp byed with the probe in a free running mode. Samp ling
rate , sample we. trigger delay and window ing function ~ all
selecubk buI defaul ts are also included . 'The user can
nominale a rnuh to be the ref~ resu lt Of one may be
reeeved from memory .

The frequency spoctrum l.htu obIainnt i. uACd for the
dd"ed det«tion. n.e lime .....' ·efOl'11l il not IIACd for the
analysis b«:::ause iI is much leu robusf 10 handli ng noiK or
other intafmng signals.

The spectrum usually coollina dall lip to ~O kill thaI
appearsqulte compl elandwlth(lut furthc:fproc esstngwillnnt
gi ve agood re~ult. ll isn«el>.~ry for the uM:l"todectde which

pam ofthc spe<:trum are uscful and which pan l are ane facu
of the equipment and tes t piece dim m sions. On the " Isis of
this knowledge a band of the spectrum can be IIoCleclcd jor
fun her analysis.

A selection can be made by viewing the specuu rn collected
ove r a good piece of panel . This reveals the freq uency
struc ture not introduced by lhe defect . Knowledge of tbe
likel ieslfreqlWllcy bandfor dcfo:<.1 respnniICaltow. a range lo
be chose n wh~'Tl: lhe cffects of the defect are maximised
compm-edto otber structures, such as rjcse introduced by lite
probe itself. A sma ll number of built·in ranges ~ avai lable
for some popular sandwi cb constructions

5,SCANNII'"G
As menti onntabo.·e.lheanal~is isdoneinthefrequency

doma in. A band oftiTqucncies may have~ sekcted, either
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Fif\lR"6.A l)lIKaI~_

flI'ft 7.An~lIn&fC oflhe~;"Flgure6

by the U5Cf dunna &d up Of U the <:kfauh or ee complete

~canbew.ed. Thc:frequencydaulis~milolhe

re ference data and a damal! e inde x. cakuJated. This number
is used to crea te a rolour display of the 5C&fI lIlUI in the display
gr&ticule .A nelWllplelKa nisshownin f igure6 omdF igure7.

Once e scan h... beencomple1.edthe da ta can be ret rieved
amI the d i ~l' lay recreated . Because the origillll i w..'eform~

have been stored. the Mlllware also I llows the: UKI to re·
ana ly.e them u. ing a d i fT~"1'Cnt frequency band or re-dis play
the da ti usin g different co louring schemes. AreM and

traverses of the image may be se lected fot dimensional
measurements and a B Sca n opeion is also ava ilablc . In this
motle thc waveforms are d ~~p laycd continutlu.~ ly in the data
window as lhe mouse is moved over lhe tlisplay gratic ulc .

6. Tilt: ~ .:XT GI-;:,\[ RATION or THF.
BANDICOOT

D ue 10 the favourable response 10 the: dernonsttatOf. the
BandiCOtllis 10 bedeveJopcd into a fully funchona l prot"fype.
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It is intended tM t th is new design includeso me of the DSP
tec hno logy that CS IRO has been at the forefront in

deve lopin g. The new BandiCOtllwill contain within itse lf all

electronics and pro<:e5Sin8 requaed for ro mprehens ive NOT
without the reed for ex.pensive PCMClA d;lIa acq uisitio n

cards. This leavntbenotebookPC servinl!OlIIYlI;5 a~

st~ellllddisplaydevicc.

Key featurn of tbe new daip inc lude the follow ing:

Y 48MHz m>crnprocessor" 'itb 6-IKB of RA!.t.

Y Commllllicatioo and all 1'O"'l:rsupplied by the USB pan
on aPC.

If Piteh-eatch probe

If I2- Bit.400kH.zdataacquisition.

If S-Bit Arbatry ........efonn 8mentor.

¥ Dual opt ical eocodcn fOfmillimdcr IoCC'tJr.Ite movemenl in

X and Y dIr'ectiol\$, and rotat iona l movement: of the probe.

'\' Mechan ical lift off de teaor and optical x-v posilion

reference (refkcU~ 'J'OC)de!edor.

¥ A.'5Of1NLED indicakIn..Bunoas and a BUUCf.
r finn,,·__ fUllyconfigunb1c and~b1c fTtllna PC.

By urili sinc ni~ins CS IRO tec:bno lolY with in lhe
Band>coot. developme1ll C05b will be kepi • a minimum

while provldrng a c..,.ble lINt w t is wn pk 10 or<:nlC- The
de sign alloO pennilS wmplo:te ~li,ul';l tion , ill.

downloadable .afho.are 10 aubk tbc~ 10 adapt 10

_applicat>oo..

7. CONCI.USIO!'IS
The BandlCOOfis a oovd [4J implementation of Itte acoustic

P,tcb-Catch probe technique t« damage tntiDS of com pos ite
panel s. It uses new alllllyllls algon1hml <:k51gncd 10 muimi-e:

reliabi hty and increase:sensi l;\ ity at the Ulm lime . TIle probe
is bouloCd;n al;Olhputcr mouse- bke Wucnrre . wltich impro,·Ci
Ihereliabi1ityandrqx-odllCibihtyofthc:~ulls.Theprobc

interfaces with a PC ill the toovrntjonaJ manner 5(1 a C Sc:an
can be erca tedon the di..play u the data is ooll«1ed. Apan

from ee mouse . the only 0Iher hardware requirelmnl is a
swtab lc nocebookoompu ter.
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IMPROVED NOISE MANAGEMENT FOR
THE BUILDING INDUSTRY
Marion Burgess and Joseph Lai
Acoustics and Vibration Unit, School of Aerospace and Mechanical Engineering
The University of New South Wales at The Australian Defence Force Academy,
Canberra, ACT 2600

ABSTRACT: There is great potential for excessivenoise exposurefor workers in the general building industry as not only can the
individualtools and equipmentproducehigh noise levels but also the workeris usuallyclose to the sourceof the noise. Effectivenoise
managementproceduresare requiredto minirnisethe lossofheatingofworkersonbuildingsites.Thispaperreportsonaprojectsponsored
by WorkCoverNSW for whichthe aims includedidentificationof a baselineof currentnoiseexposurelevelson a representativerangeof
buildingsites,assessmentoftheextentoftheirnplementationofnoisemanagement codeson buildingsitesand suggestionsforstrategies
for improvedimplementation.

1. INTRODUCTION
Exposure to high levels of noise is common in the building
industry as almost all the activities are noise producing. The
statisticsfromaroundAustraliaforthebuildingindustryshow
that the high number of compensation claims for hearing loss,
approximately 7%, is exceeded only by claims for sprains,
strains, fractures, wounds etc [I]. The types of noises that
construction workers are exposed to include those which are
almost constant in sound level, such as from pumping, those
which are intermittent such as grinding and sawing etc and
those which comprise many short impact noises, such as from
hammering, compacting etc. The worker is usually close to the
machine or to the tool which is the source of the noise so the
potential for excessive noise exposure is great. The nature of
employment in the industry is quite different from most other
industries. Only a small proportion of the workers are
employed by a construction company and most of the workers
on the sites are self-employed contractors or sub-contractors.

The general consensus is that there is an ongoing problem
with the implementation of occupational health and safety
(OHS) in general on building sites. Even basic safety
precautions, such as the wearing of hard hats and safety boots,
are sometimes overlooked in order to get the job completed
quickly. Protection of hearing is low on the priority list
particularly as hearing loss does not become noticeable in the
immediate short term. Australian National and State Codes of
Practice for Noise Management [2,3] and Standards [4] have
goals to minimise occupational noise-induced hearing loss and
tinnitus and include sections on Noise Control Planning,
Engineering Noise Control Measures, Administrative Noise
Control Measures, Personal Hearing Protectors, Training and
Education, Noise Assessments and Audiometric Testing. It is
obvious from the high number of compensation claims that
these codes are not being adequately implemented on building
sites. The aims of this project, sponsored by WorkCover NSW,
included identification of abaseline of current noise exposure
levels on a representative range of building sites, assessment of
the extent of the implementation of noise management codes
on building sites and recommendations for strategies for
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improved implementation. The full and condensed versions of
this study report are available from the internet [5,6].

2. BACKGROUND
A literature search showed that only limited information was
available on the noise exposure levels for the range of tasks on
building sites. Many of the reports dealing with noise on
building sites were focussed on the control of environmental
noise for the nearby residents and not on the control of the
noise for the workers on the sites.

One study from Australia was that by Milhinch and
Dineen [7] which investigated workers views on noise and
risk on a building site in Victoria. This study, funded by
lncolink, the consortium responsible for workers
compensation payments, sought to assess the noise hazards
and the views of the individual workers on a major building
site. Dosimeters were used to determine the noise exposures
for a range of workers. Many of the workers were found to be
exposed to high occupational noise levels but also there was
great variability in the exposures for different workers in the
one trade. For example, the noise exposure for plumbers
ranged from 81 to 99 dB(A). The views of the individual
workers indicated that the workers understood the importance
of hearing but that they were more concemedabout safety on
site than hearing damage. In the second stage of this study,
Dineen et al [8] investigated the efficacy of a hearing
education program "Knock out Noise Injury" in modifying the
beliefs of workers and their use of hearing protectors. The
workers responded well to the education program which was
based on examples of situations on building sites. They
reported significant changes in their beJiefs about hearing
hazards. Those supplied with custom-made uniform­
attenuation earplugs reported using the plugs more frequently
than those provided with conventional hearing protection.

Another Australian study was that by Savage [9] who
undertook a comprehensive investigation of noise exposures
for workers on three high-rise building sites in Brisbane. The
dosimeter data from 238 workers from 20 occupational
groupsshowed8-hournoiseexposuresgreaterthan85dB(A)
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for allgroupgHeept lheeleetrician~ and the phtmheffi,hutnn ly

thoseworkgrollps hkelytobc expo~ed toexcessivcnoiscwerc

chosen for the S1l1dy. Savage also found Ihal the peak levels for
seven nf the 20 groups exceeded the limit with the highest
being 146 dB(lin) for a tormworker. These results must be
considered with some caution as there is the possibility that the
dosimeter-data may include peak levels which were nOI directly
related to the work.

3, NOISE I<:XI'OSUR E LEVELS
The limits for an unacceptable risk of hearing loss are specified
in Ihe various Stale and Territory legislation. Over recent years
these have been changed to conform to the standard for
occupational noise in the Narional Standard [2]. Thus in
Australia the exposure 10 noise in tbe wcrkplace should not
exceed an 8 hour noise level equiva1cnt of85 dB(A) ora peak
level of more than 140 dB(C). AI the time the measurements
were commenced this latter criterion was expressed in terms of
dB(hn).

The determination of the 8 hour noise level equivalent is
based on both the noise level and lime duration for each
activity daring the day. For a structured workingcnviroruncnt
where the activities are regu lar and predictable , the
determination is reasonably straightforward for either a daily
a~mJ.cntorforanaverageoveraweek. Forabuildingsite

where the activities can vary greatly throughoUl the day and
from one day to another, the determination is far more
complex.

The first step was to obtain data on the noise levels fOTa
range ofaClivities and on a range of building sites. Four
different type1\ofb uilding sites wereidentified:largeeity sitC'S;

large rural sites; small city sites; and small rural sites. Many
tools and procedores are common to all sites but others are
only used on larger sites. Visiting a range of sites also enabled
u~~rnent of any differences in work practices and in
implemenlation of nnise management procedures. Details of
thc sites and the noise levels for a range of activities are listed
in the full report [5] and these are oompared with and
supplementcd by published information from Australia and

The aim of the project was not to determine thc noise
exposure for any particular worker but 10 assess thc potential
noise exposure for the industry as a who le, and for particular
pans within the industry. The goal was to identify and rank
those arcasofthc industry that are at greatest risk of excessive
noise exposure. This meant the dala had to be consohdak>d
while stillbe mg mcaniegful.

As described above the noise exposure is based on the
noise level and the time, so both these aspects needed to be
consolid ated . Different tools are used for different time
periods and even the same 1001 may be used for different
periods for different tasks. Obscrvations and discussions with
those in the industry led to the use of three categories for tile
typical usage times:

long 2 hours or more per day
medium Summsto zhours per day
short less than 30 minutes per day
The noise level for any particular task can vary with the

aClual job and with the workplace. Aconvenienlmethod for
categor isingthe noise levels was to use overlapping 10 dB noise
lcvelrnngeswitha naddiliona lcal egoryof less than 85 dB(A).

Table l. Ranking ()ftasksby noise eXpo1lure basedon the type> ()f13. ls

Ran~ef()r LA"'''' Tasks Commcnt

lOO to IIOdB(A) Work involving CUlling into On lal¥" ,ites this could bc done by onc JlCfSOllfor mo<tof thc day
COI>Crete,""Ch as wallchasing with the only breakB being the time necessal)'to move and set up at

the ""xt wall

95to I05dB{A) w,. involving cntltng ,"0 On largesitesil is quitecommon for thistask to beundel1aken by one
chipping coocre1e, such as use of persOllfor m<>:st of the day with the only b,.,aks being the lime
Kanga Hammer necessaJYlO move and setup al the next localion

9ll to IOOdB(A) :~:rinvOIVingCUningand",wing Even On the smaller siICS it is po,sible for one personto spend most
of lheday using powertools forcutling and sawingof timbcr,

Work involving considerable Metal grinding is usually fm les,;er lime periods
amount of mclal grinding

85 to 95 dB{A) Workinvolvinllc ullingofco ncrele The open lor conld spend aboUlhalft he day actually cUiring wilh tbe
bloclsand brich remaindcr of the day spemme.. uring, stackingetc.

Work involvingmechanical rollers Thc-se canoperatecontinuouslythroughouttheday.

80 1090 dB(Aj Useof most power lOols While manyof tlu:noise levels fm individu.altasls rnaybe high. the

Wrnksuch as driving excavatllfll timc:dun li<:m forthcsctasks canbcquitc ahortandthe no;,;e exposure
dcpcnd.<onthe numberQftimestheyarc repc-;:tcd during the day.

lcss than85dB(A) Moslgc"TICrallabtJuringwork Main risk is the proximityQfotl..., ooisy activities
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Figure I. Ranking ofta.k. by ooisenposun::based on we
tyresofta,k. , Thetriangular.hapc indicalcSthat the Ilwn'oel'
npoW 10 the bigher cndof each rangc is Ie.. than the
number. 1the 10........cnd of lhe range

Comparing thetypc~ of.ctivi, ies,thel\Oi'OC level cate"gOl)'

and the timeperiod~tegorya ranking c f'the tasks m terms of
noise ell.posure was attempted. The rank ing whic h eventuated
from this analysi. is sho....'n in Table 1 and summarised in
Fillure 1. It is impona nl to note that thi. ranking does not
allow for ,~ . dditiOllal con tn buuo n to the noise e.q>OSUJe
frum other aI."'Iivities in the \'icinity of t~ worker,

In ord.... to lIain an indicllt ion of the noise exposure for
vanocs rrace s, they wen: categc nsedimo four ma in groups
common ly used in tile industry, namely:

Pia", includcs ell.cavlltion.bobcals,backhoesetc

Material.J1<Jtu/l;ng ind udcs rigging. dogg ing. fork
hfu , erancs, <calTolding etc

Consrru ction ind udellc oncret ing, bric klayi ng,exlcmal
earpe nlTye lc

Fitoul and F jni.<h includes I'ta. tcring. tiling. painting,
internal carpenlry, etc

The oois.eexpos ures were e. t imated from the typi cal tasks
unden aken by the veno us tT1IdCllltndare shown in Fig 2. This
type of analy.i s shows that a large proporno n ofthe workers
on building sites are Iikcly to have noise exposures greeter
tha n 85 dFJ(Aj with a smaller proport ion having much highe r
exposures. Thb L'\lll' hasi ses tharthcre is clcarly a need fur
e lTective noise managemcnt progra msforbui lding .i tcs

Fillllll: 2 . E lltimal ion of noir c~;;ure ror d, fJ""-'l1 l tra<lcs.

Abool 50% of the wotten in each mde ....""Id be ....ithin the
rcctangularllU

Th c othe r impo rtan t cri terio n for asse ssme nt of
excessive noise is that the pea k noise level shou ld not
exceed l40 d8(C). In this sludy the use of exp losive tools
was the only event found 10 produce levcls alxwe 140 dIJ
The level dC'J1'C'lt<k'd on lhe charg e used and for lhe most
common ly used size the measu red value o f 155 dR agree s
well Wilh Ihe 150 dB measur ed by Savage {9] for a T'lIm~
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goo , The hammering for the ell.'Ction of tbe S<.:affolding was
next in ranking cr tmpulaive noise -with peak levels in the
range 130-140dR

4. lMPl.F.M F.ST ATIO N OF r nt CODE OF
PRACTICE

There is a similarity bctween tl-te cod l;!\uf pract ice for noise
mana gement for each of the States a. they rely 0 11 the same
basic principles. Following is a summary of the asse ssment of
the extent of implementauo n of each pan of the code on the
building sues visued in NSW. l "isasscssmentwasbased on
discussions with the various representatives from the industry
and site"inspecti ons.

Noj.<ecollrrolpla nnillg -/heessl'nce o!lhis .«liOllo(lhe
code is Ihat a wnum 1I0ise con/rol poli cy and progra m of
ac/jon should be dew/opt'll III w,,"u//aliOll wlflr enrployee.
ond emplqye e rtprell'lI/alilll's . There was no evidence that
p1anning for noi5C control was considered ell.cepl whcn: t~

were cnvironmemal noiscCODStraints .
Engineering noise ro nlrot measure .r - un impo rum f

objectj ve of Ihe cod .. is Ihe lTf/uln.·nw"l fa mjllimi.!t' nol.<e
exposure by engjlleerillg n.m e COlllroJ mt"'""u",., . f.ll.'Crttil lly
this involves twu opIiolls ; noi"C conect at the socree and
control of the spread o f noisc. The only evidence noted Willi
the use of low noise blades in brick 5aW$, of plaeemen t of
generator away from the workers on Ihe site perime ter and
impro ved design of the cabs of eanh mov ing equiplTlenl.

Administrative liaise control meWurel" - thest' mNS""'S
gellerally involve job rotatio n 10 reduce Ihe lime of up<JSure
to the higher noise 11'1.'I'ls. Ther e was 00 evidence that these
measures were considere d

Personol heurjllg protectors - Ihe code s tates thai
per ,<onaihearillg pro ll"'lors .!hould (Jn~v be rt'gurdl'd as 011
Inlaim measure ....hilelhe colllrol ofnoise by Olhl'rmfflJ'ureJ
ts being implemenled, On most buildinll sites this appears to
be the onl y approach to the management ot nojsc cxposcre.
\Vhile the protectors were available they were usually IlIlt
personally iiiSUOO nor was lheir use enforced . Effective use of
pcrsollal hearing protector s also requ i re ~ adequa te
consideration of a number of aspects including indication
signs, select ions of suitabl e protectors , inspection ,
maintenance, clean stora ge and ins truction s for use
Co mmonly these aspects were not catered for.

Trainillg a.uJeducaljoll - thi.r should be consiJl'T1'dlO m,
On jntegral part of 0 preventi ve . trategy, General OHS
tT1Iining usuall y includes some reference to use of heari ng
protectOfSbIltlh ishadclearly oot been idequate.

"''oue assessmelll - Ihis is requjred in all worfqJlaces
..."'"" it is ronsidert·J t!wt Ihe noue /l'\'ds may be eU"Usi' 'e
and fhe reports On asses-sments sh CfUld be ovai/aMe 10
manogemertf.... -orterreprel"ertlotiwsotidreJ ...onloulhoritie.r
There .....as no evi dence that such occ upational noise
assessme nu had been undertak en

Audiometric test ing - audiome tric tes ljng alone doe.r litlle
10 reduce 011'goillg hearing loss but a compre hensiw 'IOUI'
mUllag emell1 program should illclud e co mparison of
aud jograttlS alld invesligofio/ls ...·he.. heQrillg loss is
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identified. While ad hoc audiometric testing was ~vailable for
the employees of the larger companies or by the Union, there
was no evidence of regular audiometric testing programs.

5. STRATEGIES FOR IMPROVED
IMPLEMENTATION

Government agencies faced with the task of improving noise
management programs need to consider the actions which will
be most effective for that particular industry while conforming
to the govemmentpolieies. Forexamp1c,regularinspeetions
and substantial fines for infringements may be effective but
may not be in accordance with current policies. There arc two
main considerations within agencies regarding implementing
policies and procedures:

priority intakingaetion-iehigh,medium and low priority
time to implement strategy - ie short, medium or long time

Based on the findings from this particular study, over 24
strategies were recommended with almost half being in the
highest priority suggesting immediate action. It was estimated
that some strategies would only need a few months for
implementation while others may take around two years. The
issues addressed by the strategies for the main areas of the
code of practice arc summarised below.

Noise control planning

A major limitation in adequate planning to minimise noise
exposure is a lack of knowledge of the noise levels for plant
and noise exposures for various activities. Legislation in some
States incIudes requirements for the provision of noise level
data for plant and equipment. Enforcement is needed to ensure
that suppliers do in fact provide this noise level information as
part of the technical data.

Many of the codes of practice for various trades, trade
courses and OHS inductions include general advice about
noise levels but this is not sufficient for adequate noise control
planning. Information is available to update and revise these
documents to assist adequate noise control planning.

The implementation of work methods statements which are
being required for construction projects should encourage
planning but they need to be checked for adequate inclusion of
noise management.

Engineering noise control measures

Australia imports most of the items of plant and equipment
used on building sites. Thus the focus should be on
encouraging the purchase or hire of those items with lower
noise levels. The provision of noise data in specifications and
promotional material is essential to encourage selections of
items with low noise output.

Promotional material from the suppliers and the
govemmentagencies should include examples of the use of
noise enclosures and simple screening as well as the
importance of maintaining these noise control clements.

Administrative noise control measures, job rotation etc

The encouragement of multi skilling in the building industry
effectively leads to job rotation which has great benefits in
many aspects ofOHS including opportunities for reducing
noise exposure. There does need to be an effective plan and
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appropriate record keeping to achieve the reduction in noise
exposure. Again promotional material and codes of practice
can be used to encourage this aspect of noise management.

Personal hearing protectors

Undoubtedly these will continue to be the major form of noise
management on building sites. Therefore high priority should
be given to this part of the noise management program.

Unlike other protective equipment, such as hard hats and
safety boots, hearing protectors arc only required at specific
locations on building sites so the placement ofwaming signs
at the entry of the site is not appropriate and they are usually
ignored. The warning signs should be placed at the location of
the noisy activity as well as on the individual items of
equipment for which typical use could lead to excessive noise
exposure

Hearing protectors should be part of the personal safety issue
to each worker and not just available from a common store area.
They should be readily available so that the worker does not
have to travel across the site for issue of disposable plugs.

All aspects of selection, use and care of the protectors
should be an important part of the OHS induction training.
Building sites can be particularly dirty environments so
special attention to cleanliness and care is essential.
Promotional material for the various trades should emphasise
that other methods of noise control should be considered.
When personal protectors are required they must be selected
for personal issue in consultation with the employee to ensure
comfort and suitability and to encourage consistent and
correct use.

Training and education

Training programs need to be targeted specifically at the
building industry. A well presented training package whjch
caters for the differing backgrounds of those working in the
industry should include examples specific to the building
sites. An effective mechanism would require visual
presentation such as a video. Such a training package has been
developed by Comet Training in NSW and was reviewed in a
recent issue of this journal [10].

Regular items submitted to trade journals, newsletters and
the general public media should increase the awareness of and
maintain the emphasis on noise management.

Noise assessment

Government inspectors and union officers should be
encouraged to undertake noise measurements as part of their
visits to sites. These assessments should be primarily used for
guidance to those on site for identifying potential excessive
noise levels. Quantifying the noise levels would increase the
general knowledge on typical noise levels and provide the
opportunity to reinforce the education and training programs.

Audiometric testing

Whileitisnotacontrolmeasureitself,regularaudiometric
testing is an important tool for a noise management program.
In particular it can be used to identify early loss of hearing and
to reinforce the other aspects of the noise management
program. For many jurisdictions in Australia such testing
cannot be enforced nor made a pre-requisite for continued



emp loymen t or i n~ u rancc co ver, Under these circumstances
encou ragement may be provid ed with an incentive, such as a
reduced insura nce premium for regul ar testing.

6. CO~CLUSIONS
This study has shown that the noise UposuR' for many on
building sites can be excessive. Those 1radc:1 inu)lved wilb
cuttin g and chipping concret e experience the higher noise
exposures. Tbe high number of d aims for compe nsation for
hearing Joss. indicates ineff ective noi se mana gement on
bui lding sites. The study ofpracliccs on a range of snes showed
that the implementat ion of codes of practic e for noise
ma nagemen t is st ill far from satis factory

Strate gies for-encouraging irnprov'cd impkmentation of the
requirements of the codes of pract ice f"rn"is<;: manageme nl
have been suggested . There is a need for greeter emphasis on
education and train ing which is focu ssed for those in the
building industry. Also promo tion of the noise levels for
different tools should encourage selec tion oflow eoise items.
Persoool hearing proteetors arclike1y to continllC to be the
main method of'noisemanagemenl and greater attention should
he given to selection, care and maimenen ce.

It is rewarding to note that the sponw rs of this project ,
Worl Cov'er NSW, accepted w t actions were re-quired 10

imp rove the implementat ion of no ise managem ent on
e011SIrUClionsi tcs. ltwas idcntificdasa key ilSUea ndagroup
of inspecto rs have received additiona l train ing in effective
noise management as it could he applied to con~truetion sites.
As weU as focussing on noise issucs durin g thcir inspect ions
these offlCC'Bpar rieipated in a scrie<lof seminal'li held by
WorkCovcrfor the industry. It is earl y days yet but tberc is
optimism that improved implemen tation of noise management
will be eventually achieved.

Around the time this project was being undenak en.uhcre
was some retevars action in the USA dri ven by tbe Labourers '
Health and Safety Fund of North America . The Construction
Noise Co ntrol Pann ersbip has been establ ished , Tbis i ~ a
coali tion o f unions , cont racto r associat ions, in suran ce
companie s, universitie s and government agencies dedicated 10

promot ing quielerconstruction sites. Updates onprogress.with
a ben practice guide for noise control can be found on the
website [ I I ]. This working grou p has also been involved wilh
the Un ited States Occ upational Safet y and Health
Adm inistrat ion, OS HA. seeking rulema king to revise the
cons truct ion noise standards. Th is revi sion is ai med lat
incl uding . hearing co nsen/ation compo nent for the
oonstroction industry that provides a sirnilar level of prot ection
to that afforded to workers in gener al industry. The propo~al

[12) was released in Augu." 2002 for a 4 month public
comm ent period .
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RECORDING THE OPERATIC VOICE FOR
ACOUSTIC ANALYSIS
Densil Cabrera', Pamela Davis', Jennifer Barnes', Margaret Jacobs' and David Bell'
i School of Architecture, Design Science and Planning, 'The Conservatorium of Music, and the' Faculty of Health
Sciences, The University of Sydney NSW 2006.

ABSTRACT:This paperconsidersa numberof factorsrelatedto the recordingof the voicesof operaticsingersfor acousticanalysis.We
wantedto developa techniqueforrecordingthesesingersin non-anechoicenvironmentsso we testedhead-mountedmicrophones.Wetested
their effectivenessin recordingthe direct soundproducedby the singerwith relativelylittle interferencefromthe reflectionsof the sound
in the recordingenvironment.Weexaminedthe effectivenessof variousnear-fieldmicrophonepositionsusinga head and torsosimulator
in anechoic conditionsand applied these observationsto recording an operatic soprano, comparingthe head-mountedand reference
microphones.Wealso determined,that, for this singer,therewas appreciablemovementof the headand bodyduringoperaticsinging,even
when the singertried to avoidmoving.

1. INTRODUCTION
Successful operatic performances rely on the abilityofsingcrs
to produce a voice that will be audible unamplified in large
theatres, over an orchestral accompaniment and other singers.
Aurlibility of an operatic voice in such circumstances appears
to rely upon selective amplification of the voice in the part of
the spectrum at which the human ear is most sensitive. The
term "singer s formant" is in widespread use following
observations that bass, baritone, tenor and mezzosoprano
operatic singers project their voice over an orchestra by their
3rd, 4th and 5th formants with a relatively high energy peak at
-3 kHz [1-4]. The lower frequency range is important for
articulatory and fundamental frequency features and there is
harmonic energy up to at least 8 kHz. The recording system
(microphone, pre-amplifier, recorder and digitisation
hardware Isoftwarc) must be able to encode the voice signal in
this range, with as little error or distortion as possible and with
an acceptable resolution so that features of the singing voice
maybe interpreted from spectral analyses.

There are other considerations in choosing a technique for
the successful recording ofopcratic voices for research. One
of these is that the singer may move duringperforrnance,
depending on the expressivity ofthc music and the singers
emotional connection to it. Some opera pedagogues teach
singers to use a shift of weight to the back foot just prior to a
high note, which may be thought to assist postural support for
the high note. Any shift of body weight or movement is likely
to be associated with a change in the distance of the mouth to
a fixed microphone. Mellodyet al. [5] allowed operatic
singers to move freely but this resulted in them reporting that
the signal-to-noiseratiowas affected by background noise,
apparently from movement of their microphone which was
mounted on the singer sclothing.

Singers are usually asked to maintain a constant
microphone to mouth distance because the sound pressure
level (SPL) diminishes as source-receiver distance increases,
and a relatively small change in microphone to mouth position
can significantly affect the measured SPL. Instructions to
maintain a constant microphone to mouth distance, even by

Acoustics Australia

the placement of measuring rods between the microphone to
rest on the subjects chin [6], may avoid these errors but
vigilance is required on the part of the singer and the
experimenter to monitor elosely the distance during recording
and to repeat tasks if movement occurs. It is likely that this
level of vigilance on the part of the singer will interfere with
hislher emotional expression, particularly in less experienced
singers, and this may distract the singer from realising the
experimental task successfully. Another approach has been to
placcamicrophoneonaharrnonicaholderonthesubjects
chest [7] although they acknowledge that head movements of
the subject may result in microphone to mouth distance
variation.

An alternative approach places the recording microphone
at relatively longerdistanccs from the singer, suchas40cm
[8], 50 em [9] or 6 feet (approximately 183 em) [10] as small
variations of microphone to mouth distance will have a
relatively smaller effect on the overall measured SPL.
However, the transfer function from singer to microphone
will be affected by reflections in the room, with the potential
for significant comb-filtering effects. Furthermore, the
longer-term room acoustical effects of reverberation and
certain room resonance modes may also affect the measured
sound spectrum. Closer recorrling distances will maximise
the strength of the direct sound ofthe singer in non-anechoic
rooms.

Head mounted microphones have been advocated recently
for voice recording, with comparable data for voice features
being recorded by a head-mounted condenser microphone as
compared to a larger, professional grade, stand-mounted
condenser microphone [II]. Microphone to mouth distance has
been varied from 38 mm [12] to 51-76 mm [10]. A focus ofthis
and other recent studies [11,13] has been how the choice of
microphone may affect the measurement of parameters often
used to describe impaired voice quality. There has been
relatively little study on recording techniques appropriate for
recording operatic voices.
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There are otha- factors tha t ma.yafTn: 1 the 1IC1«lionofa
helld-l1lO\UItC'd microphonc tn:h niquc: to record operstic voices.
~r.uic singC1'$ mllynolalwaysbc availab ll:lObcrecordcd in

Ill lllleCooic cham beT. or wi1h to sing in such lUI unUSUllI
artistic rn viTOllll"le'llI. A IeChniquethat _-ouldrecord lhe d'rm
soundof"the: sill,:a-inpn:f~lothcrdlClCledsoundinlhe

room wou ld yield addi liona l reseerch recording opportunities
if reoord ing coukl tnt pia« in quiet rooms that were not
sound-ll'CalC.i, A singer should be abk Ioptrfomt &I narunlly
&I possible • ...,Ihourlim itiq: bead andbody movement. andso
it is~ lo dt1nminc wbo:theTthc mou th to microphone
di slallCt o f a head -mounted microphone va ritl with
pnfortnllll«' and the l:fTed of small varial ions in the reoording
distllnce ODthe~ 1OlUIll

~ vocaI signaJ il lIol.rWlIlCdllllilOnnly arooni lhl:' head

(14.1 6J and!he IOIlndsp« 1Nm iS l ffmat by the micTophont
pos ilion . The air flow from the mouth is liktly 10 ClU:OC noi5l:
for a microphonc in Ihe air stream, rnaking ocar· field ;ui al
microp hone: posil ions impnct icl l wilh oul a su""antia l
win<hcrttn and high passfiltc:ring_Dunn and Fams won h (l 4J
fou nd thaI positioni ng a mi crop/1O'ne 4~ i ofT ....is prod uces
little spc~trtll weig hting of speech (reli1li\'e lu the ax ial
spectrum ). and tc move s the air flow prob lem. Fur example a
m icrop hone ~O mm from the mouth , 4~ i to the side. su fTl:~ a
2 dR flIngl: ofde-viation sfrom lhe lUiallJltClrum for the eight
Il2-oct.lve bands covering the ~OO li z - 8kHzra nge

Near-field mouth radiation data are also given by ITU-T
Rc:rommendal iOOI P,SI and P.58 117· 18J, which spec ify the
perfOftTlarlCe of an artific i.l.l moo lh . nd a hea d and lor..o
simulalor. "The:rnoulh rd c:rrnce poin! of an arti(lCiIIlmouth is

2~ rnm in front of the hp plane: on the mou lh Il~ and \VOOld
be subjc:d 10 air now distortion in a rc:.t penon . LiLe <JIhI:r
publiahN da til. the: lTU ·T diilt.l. dlow I rebti~ reducti on in
hirh freql.lCDC'y JoOUnd pre:Ulltc ...hen tbc nur-field
~tpositiooaisshiftcdoffu.i" ...ithlgraln'
mluclion for 1argc-r &IIgks

A d'rec tional m ierophoooe. Sl.dI u one:with a cardioid
di rect i\-ily piil ll em, co uld be II~ in DOII'~Dc:Cooic

eD\ ironnenls 10~ !be effect of !he indIlttt sound.
HO\Oorvn thfs~b hii1s the~yinl problenl of tbe

pI'OUrriity effed . ...hen:low fTequcncil:sare boosted in the
ncar-fi~ld becaU5eofthe microphoneJsc:n.'\lIl \ itylO pn:uure

gradi c:nI( 19 1. A funhc:rpncticlldi~e of ld,rm;onal

microphon~ is lha t us oric:nll lion must be ur~fully

maint.lined .
A~ lheme-asuredp«ssure~ofl sin1teri safTCl;IC'd

byillc: mil:rophone s relative posi tion, comparing JlUdy results
tha l uocdifTc-rc:ntmicropboneposilionsc:anbetrellCherous,
esp«il ily a.<; the ~3 kHz singe r s forman! il likely to be
affC'cted by microp huneposition. A utopian !IOlutilln would be
fora listudieS luapply thesame measurem eutpt.si tion .Morc:
practically, di fTcn:ncespectra belween melL'lllrl:m~ntposi tions

co uld be used. Ienbtively, for eompariKlI1l between studi es .
Ho...ever, the freqUC1lCY-dcpendc:ru radiat ion pattcm \uin
,, " h lhe mout h ope ning shape: (and ocher fadon ). and ""nee
~=' phone mes 1 1 ~ , 16J. !o.lorc: rc:>earch iJ required be fore
suc h transformahons can be executed with ccefideece usin[l
datafrom Wrj'tn

l()(· VlII. 30Dectrnt»! C2002I Ho 3

II is worth noIina that in I typical unampli fied operatic
J'C'r forma ncc , tbe: I lldienc~ i$ hLc ly to rece ive more
reverbe rant so und em:Tll)' OIiginal ing from the sioger than
direct sound eno:tiY_ Thi s S-U&lIffis that the o\eraU sou.nd
pow a- SJ'C'CtNm. inteJ:fllting sound radiat ed 10 all d,rections.
oou ld male-at k.&.~ IS good I rc:ferenoe meuure II &IIyof"t""
prno.ure~prc:viOllSlydiscusSoed-Of CO\nl:.t""

difrloCull)'is meu urin g the sou nd power of a lime -varying and
JnO\mc pc:rlOrTnc:r - itii not reallypraaJc:al IOdo1tYll in a
nmnlistiCKftine-

This lims of this papc1 Ill: 10 determine : (l I t""
re1aliooship bet-.. ceTl thc .aundpowc:r spectrum and~'R1re

sp«1JUmfor \ vlous near -fJeld mio;n;Jpftoneposit iom;(b) t""
opI ima1 mou th to m~ disunce and posirion for
ru:ordingoper.lic~usina: ~cornmc:rriallyava.ilablt

~ IIIOUIlIN microphone ; (c) ...-hdhc:ra head·boom
rnounltdmicrophoneis succe-s.~ful in bl:ing abletoreoord !he

d irect soundproduced by lilt sinlll:r with rc:lative ly lin le
interfc:rc:rx:efrom the rc:nCl;lionJ o fthe sound in the recon.lJng
c:nvin.>runc:nc; and (d) 10 n:pon 00. appl ications of lhex
teclmiqueJ to record thc: l inging voicc:sof opera tic singl:rJ

2. souxn POW ER A~D PRESSUR..: OF A
n":AI) A~ n TOR"'iO SI) 1UI.ATOR

!o.l el hod

The Br el & Kj r Il ead Ind Torso Simulalor (HATS, is
equipped wi th . n ~ r1ificil l mouth. con . i. ling of a high
comp liance ele..'1.mdytIlImie loud.J'C'akcr mounted inside the
head.wdt thai:the 'IOtmd is emined from I red-angular mooth
area. 30 mm wide and I I rom high . The mouth !MIllion
propenia co mply ",i th the: cited ITU- T recornrnendiiltion i .

Tbc JlUl1'IOSC' o fthi s J"In " f thc: sIUdy "'1ll 10 relate I Krici of
SPL mc:&suremenll. close 10 SIdeof the mout h. 10 the ndill N
sound PO_ "Cl" o f tbe HATS . The mleTC'S1 in lhese side
~ts ..... becauw it is quneeasy 10 posiQooa head­
mount ed micTophone in line with the hps, horizonlii1l1y
disp1aced from the comer of the moulh .

Figure J. A. lIIUOIr.li nn " f the cightC('llmi~roph"ne po!liti"n .
uscd lu oJclmn ine lhe "!'l li. l1y integrAled f3dialion · rec tnun
andd irecli,-ily p'lIlcm ofthc IIATS. Eacb microphone: I""ll iOfl
l~by ......ll cin: Ic:) ..... l m ftulllthe cc:ntre of thc

heaol "'IllOU"' heigbl. ....~.UC"conductcd;"...
.n .d K>" room . 8 . lI h.. lta lion of me .l .ven rlu f·rocld
mil:""""""" pos:ItionJ u tendin, ina h..., IOl hc Ic:tt o f thc
HAn; ...... _.......



\Vilh the mouth radiating a constant r ink noise ~timlllus,

measurcmcnt5 ...en: inilially mlIIJc: ill anaOCl;hoic roomal a
distance of lm fromlh e cc:ntrc:oflh ehc:ad atm oulh heighl, al
18 posi tIOnSt" enly dislributed across. sphe re owf-""C(Fig.
IA ). Eleven measUl"tl1ltntswen: also made al 10 nun intcTvllls
in a hne u tendlng bonzo ntally from !he moolh edg<-to the
SIde (hg. 18 ). and • i\l.elfth at the mouth ~fen:nce pOInt . In
1M serses of clc>en me&5lm"mC'llts. !be ckKest rnea.surtmmt
...·as 0 nun from the mouth Nge, meanmg dw !be micropbone
was almo;nt touching the HATS. A BaK 4135 II-4-inch
microphon e """I uvd for al l mea'lUf'tmmb dncribed in IhiI
'l«tioD . II) -ocuvc rneasurmlmIS were made usi"g • B&K
2111 'lfl«'JlllTl ana l)"5otl".

It ~ importan l 10note dw the axia l distan« measurtmenlS
Si'"C1I i" then1J-T~tions~from.hpplane6

mm in froot of !be physial mouth orifICe. Howt" tr , the
measumnmts~cd in lh il IMpel"~ $Ulted in lams of the
di stance from the pby5ical mouth ori fICe. 'Theprincipall'RWIl.
for this is that we wen: interested in ItlidyinS Iatr:n l
micropOOne positiom in line wilh the: pb)'ical lip plano:.
because of the aforemenl ioned aimp licity in pos itiooi ng
micropbonn: along Ibis hee .

Fipn 2.~~do.rec:tn1lyfatwnfol" ~Hz, lkHz..d

<l1r.lbfoI"lIwHATS aam-u of I '"

Figuno 3. Diff=nce beIWffll ""und l"""~ leve l .nd OOlllld

powa level for ,he ekv en Iller. 1 measurement posilionl. as
well .. f"r lhe moulh nofeno""e l"'i nl (MRP ). Tbe ~trum for

70 mm il inbn ld

Rl'lIulli

In absolu te IcOns, the me....ured !IOund powcr of the HATS is
o f linIe uneres. becacseIt Ikpe nd:son the .i gna[ speclrum and
amp lifier gain. However, ... a reference, the sound power can
beU!iCdin tbe detmninationof direclivity faClOr, and also as a
reference ror lhe c joee micruphnne meouurernents. Din:ct ivity
ractor is the lilIio of 1OUlld inlrnsity radiated in a ilpCCiflC
din:ct ion lOthe n r:n ge inlrns ity ndialedin ail direl;tions,and

can be npren ed as a simple ratio, or else in decibels.
Although mealurcmen l. of direc livily factors were made in
II3-octavebands,they ilfepre'le'lItcd jusl rorthree l -octave
bands in Figun: 2 for the ilUe of ilUccinclnf:M and legibility.
Asmishl be e~lhe direcli \fity fiIClor1in<:rea.soein the

fronul .... i~ ill the high rrequmc y range, due 10 the siz.eof the
mouth (as rad,at or) and head and torso (u barrier /reflector) .
The lTleUurnnenlS al"", 5how that thn:eof lbe 90; positions
(kft,right.andabovel havedirmivityfaetorsllOl filffromO
dB a<;TOSS IbI: 200 H.l:-SUIz rnoeuuranml fmtucnc"y nngc,
and might then:fore be good chokes for micropflone J'OlIItions
If the oven!l radialcd 'lOUtldis of inlefeSL

Slnnl. rauJts. for a t\ISIomobuih dummy and for singers.
can be found in FIaoapn (UI and ManNIl and~ [16J
l'C§pCcIi\'e1y, although !hose studies do not uprnI the
ndiationinlermsofdim;tivityfactol". The~decre_in
hip fmpimcy inlms ity tIW oocurs beyond 90; from the
IIXltIlhnisisabo fouodialhose~

Tbc rr.ouIts for IbI: close masunmmu ~ showo ill
Fisure 1. 8el:w~ 30 nun and lOll mm the IOUnl!. specmI
oomponmu decrn.'Ie'by about S dR Pet"doubl ing of dislanl:e .
and this is reasonably in<kpmdmt of frtqucr1c'y. Th is may be
contrasted with me 6 dB per doub linS of dim """, (invene ·
square law) which i~ found for this di'lt&Dl:e range in nial
meuuremems ( IS, 18-19J

Figure: 1 also s!lovo's the ~latl(Xlship between prnsure
le\e1 and PD"'er jevel al the mouth re reeece po",1 (MRrI•
...·hic:b is 26 mm m frQn1of the pbysul mouth open lllg. As
migb1 be expec1e4. the ~RP 50lftd pt'eIsurt lDCasur'CftIml
contai ns m atwe ly more high freq utnC)' tound lhan the power
specIl'Um. On the other held. most of thc c~ Ialera l
measuranallS !>how • re<b:tion in hlp ~ sound
(~lati ve lO!bePD"'Cfspectnun l,andl minor pea1:at 1 2S
k&

The spectrum for the 70 mm di stance ia manecl in bold
because this diitllnce wu ultimal ely M'lectN for meuuring
opera singers. The fad !hat the sp«traI conloun in this region
show a high degreeof para llelism means that IOIDC inaccurIcy
in posi tioning a mic:rophone will not signiflCant lyafred the
resultingspeclnl profile.

3. TESTS OF A II EAD-MOUNT t:D
MICROPHONE A"'D NON-A"'E CIIOIC
CO!lrriOlTIO~S

Method

Two miniature condenser omnid irr ctional microphonc. were
tested for usc ill recording operatic voices: an AKG C417 \VR
ocJP (ca Iled hen: microphon e 2) and all AKG 511 (ca lled here
micro phone 3). The AKO C411 is manufil(:tW"Cd wuh the
microphon e mounled on the lefl side and the AKO 577 is an
earl ier model nut supplied with I head boom . These
microphones wen: !!Clected <III the basis that the
man uracturtr s spec ificlllioWl incl ude I relatw ely nat
lkquency response from 0.1-10 kH~ which ellCOlllpasscl lhe
range of interest for opcTlllic voice anal)'1lill,an d a ill.atedA­
weighted ~ignal-lO- llOi5C n lio of:>68 dB.
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The free- Field frC<;jucncy responses of tile..: micro phones
were ....."CII..ro by compariSOll 10a B&K 4190 In -inch free­
field microphone:, using a JBL 4106I 01.ub pakcr as the sour ce,
at a distance of 1 m on axis . The spcctrurrl of . pink noise
signal for eactl microphone in die refeeeece p;>silion ..~s

oluined using a B&K 20).4 rn spcctTUm ana/per. The
frequency rnponK of microphones 2 and 3 were dc1cnnincd
by ~ubtnK1:il\gthcsound k~lspectrumofdle MK~I90from

thcir nl.. IOUIl4Icvt'Ispcctn.
Tc:eml was carriedOUIw1th.uthor knnifCfBarne$.who is

an opcnbc KlpnlOO rated asa~_ fnIjor principal

(3.Jar f;JIl the 8undl and C1Ypo:wI(20 1 tnunlJmy ohmgen
Iniliallnl$ mocakd that pal clipping was dilT~lt lo Jlf~ CfIlI

with lheAKG mi~2and3sctaldiMancesofSOor 70

mm fromthe comn of the subject s lips, cspcc Lally on the hiJll
wpnno notes. Tbc:manufaclurtt s speo;i(lCahoDSarc ltw die
max ilTMllSPL oftbtAKGC4 n micmpllono: is I HdB (rc20
m~"l:aI'landlhis ~adcquale forthc veryllO"crful

opcnIlic voice. A microphone pre.-.amplifier .. hich pmnined a
IWO Italic preamph fication ( Behringer 221K)j solved the
clippinlJp roblem.w; ingaudilory as we lllL. vi,ua l moni torinll
via osc illopaphiercal-limc di, play of lhe rccordedsignal.

Com purison wlI5 made of simullanco usly recordedAKO
micn lf'l!one 3 set at 50 mm laterally ol/Id a calibrated B&K
4190 microphon e set at 300 mm on a~is, The singer wa.
recorded in a reco rding sludio singing the Ilrst verse of
HAd,''''''',. Aus/ralia FairH. Spectra of the recorded samples
were digitised (n -16 kHz, Loughborough Sound Images
PO'C3 2 board) and 1.tII1yz.cd using Sounds wr:I1 Vcrsion 400
IlOftwan: ( Hltec:h. Swo:dcn). The IWO iOIli raw spa;t1ll k~c-II

( 125 III inlcrvl b ) were calibra ted 10 die SPL for the ,,"0
ca lihntKw!signaJl rcwnkd for each microphone systnn. The
SfICClmmm:~ from AKG microphone 3 was C(IfTttIed f(Of
itt frcqUlmC)' response .

TO_l!lO\TITlmIof thcmicrophonclOmouthdl1llnCC,
thelUbjec:t:-..u fin<'d -..;lh micropbone 20n thc ~boom»
7Ommandl<l<edIOJing p;uuofm opcnllicl..ng ( ' "",,,"tJ
s..,.,.;....'o1 and an ana ( "U" hrl th"fTom,\faJa-l S..neifly )
movmg her bead as litt le as possibl e. Th il was repeated ...ilh
the AKG mio:ropt\ollcs5d on fixed rook » various dioQnca up
10 IOOmm fromlho:$ideof tw:rlips. A vldo:ocamen..... esed
10 fikn hcr hnd and ned frorn dle fronI and1hc .. durin.,.
sing mI . A 20 mm mcaswemcnl grid was pIaccdon I filled rod
» the IC\-el of lbe mietuphoncand W illo u..edtomcallUl'Clhc
distance o f the subjeCI s lips to the boom _mounted
mfCroph<lnc, Ima~..e s of the 'lin~ and the micropllonc!l were
pnn ted andmallniflCd, lnddisWlCesweremeasured",illll the

"'"A IIOftwarc program called Mi S SA (Maximum Lengt h
Sequence SignaJ Analyzc r) wu u-ed . logcther wilh I scaled 4_
inc hl()ud .peaker (prior to thc HATS ~av8i1a l>ility ). toqua lltify

the effect of lhe non-anechoic rccordi ng <,nvil'lll\lTlcnt un the
~ignals recorded fm m microphone . 2 and 3. MLSSA u.....s •
pselldo-random noioc signal with a Ii'hilt spcc1rl.lcnvelope
10 dcIcnn illC tho: impul'lC.' rcspon.e ofa syslem by CIO%­

oom: latm,. tbt tC'<! signa l "11h the mcuurcd Jiglllli. The
impulse InflOOse show s the panern of rcOec1ions produced by
tho:~tem, as wel l as the gerlCl1ll rcverbcnnl IOOIlII dre ay.

106- VaI. 3Oo.cemDer(2Oll2)Ho. 3

The transfo:rfunctilln ofthe system is determined by IIpplying
a fast f ouri cr tnln . form tO lhe impulsc respon se, Te.t s were
dorIC' in a recording studio (10 m" 6 m plan, 0.4 s mid_
fn:qucncy~crbcntioa limcland aquietofflCe1 3 mJ. 4 ml.

RnallS

FfWIW"Q· rnpOlUn of ,Ite heaJ''''OUffIN '''~

Free: flCld _urcmCllLs found that tho: 1\\0-0 AKG head­
mouated microphones u hibil sip ifica nl vm alton in
'lmSiti\ iIylCJ'OSl tbrfnqucncynnge.. .. -jth a oolcb in tbt
vicinity of 3.5 kHz. and a pak arowxI 4.0 Uiz IFi!- 4~

Micropbone 2b1dtbt...;dcr \ ariation, .. ith sau.ili~ ityJange

of 8 dB bcf.. een these frequencies . The large !ipl!I.1n1 1

irn'gularily in this rcgion is of particular concern bccawocit is
in tbt range of the l inger a fomwu. In £act. die ~nglCl S

formanl ranges bc1wun 2.5 and 3.5 ldtz mem inll t/'ut the
micropbone eh.ar.c lCrinics need 10 be fOlClOrcd inlo an
anaJysisofthis U('CCIofw . inlling voKe

Figu"' 4. Thc .....ISU""' free r>Cld frequcncy~ Dflbc

lVrO AKO btad mounted mlCl"opboncI

FilJ'R 5 ~"' oflsoprano voice.llld ical". a

dylWll ic ""'~of 6Jdll

Oprro'ir m H.'e" rrmJmg

The phoncIognm genml1ed by die singer subp.1 singing
succf:S.,i.'enolcs thmugh hcrranlle is il1ustri1ta1 in fi gurc 5
Mea.'\Urcd from micmphllI\C2 at 70 mm lateral frum the corner
of the tir~ on the headphone hoom, there was a 63 ..tildynamic
rae ge over the singin@. nmge from5 n dll(A) on D3 (147 111.)to
122 dB(A) on Ilcr lop nllie F.6( 1319 li t ). This is typical fOI
sopr3OOvoicesof sitnilar~andsuch a~prncnu

achallcngclOrccorddlehi@:,,",lllXe5 ..-ithouldi~

f:J'e"' and effrcr of llead",OWffI....'

Durin g singing, the microp'1<me 10 mout h (romer of lips)
diSbinte 10 the AKOrnicrophones fi"cd on a rod p1.accdIallClal



tothe sing~r showed(:onsiderablcchangc(range8 mmshorter

to 12 mm longer over various !;uk s) compared to the rest
position . These observa t ions were fro m video images
reo;:orded froot-on and did not lake into account the degree of
fronl-bac k movement. However, two lat<.'r.I1video r«;QI"dings
revealed that there was considerable movement forward and
backward with up to 80 mm mOveIDI."Il1bet",een the lips and
a fixed object during the:op<:ratic song and 100 mm for tbc
more emo tional aria . This lateral video reco rd ing also
revealed much greater vertical movement (up to 80 mm )
durin g perform ance of the aria. Sud movements imply large
changes in the mouth-micwph nne transfer function.

There were smallcr changes in the microphone to mouth
distance during singing using the head-mou nted C477 (mean
4 mm longer, SD 2 mm) and !lOme of these chang es appeared
ro relate to changes in mouth shape as the mout h opened and
d osed for the various phonemes, a topi\; whkh warrants more
detailed study. There appeared to be negligble front -back and
up-down movemenr ane fact as the microphone moved with
the singe r.

E/! « t of non""6nl'Choic environments

The reco rding studio used 10 record the singer exhibited a
number of room reflections (from the MLSSA data ], the
strongest being at 21.5 InS at - 30 dB relative to the direcr
impulse , Th is corresponded to a glass wall 3.4 m in front of
the subject . Wben the equivalent FFTplolSfor theanechoic
room and Ihe reco rding studio were overlaid, there was
negligible effect in the frequenc y range of intemt, with less
than I dB dilTerence in the high range. In the office, ""o
reneclions wen: apparen t around 12 ms and . level of - 30 dB,
correspondin g 10 a large glass window . When the ane<:hoic
and office data wen: compared. there was less than 2 dB
di lTerences across the sp«trum range of in~. No voice

re<:ordingsweTe \;aniedoutin thisoffice althoughthiswas
used for subseq uent experiments re<:ording opera singers
sim ultaneously with laryngeal endoscopy [21-22]

4. DISCUSSION
Th is paper h.as d~ribed a te<:hnique to record oper.ll ic voices

with a wide dynam ic range . A head-mounted micropho ne
allows the microph one position relat ive to tbe mouth to be
well-defined and stable. Pos itioning the microphone 10 the
side avoids the problem of air. now-induced noise , and also
has the advantage of a simple measureme nt for position ing
The close side position suffers a loss of high frequency
sensitivity, compared both 10 the axial frequency response and
the overa ll soulI(l power freq uency response

The AKG C477 and C577 bead-mourned microphones
show a degree of spectllli irreg ularity which would
substantially influence the inte'1'retation of data (such as
forman l frequencies and strength s, unless compensa tion is
applial . Measuremem grade microphon e!, which would oot
n:quire l:QlTlpensalioD,have~ly beenusedin si ngingsrudies.

Previous studies have used an anechok chamber 10
achieve accurac y in recording 11,3]. The m:o rding system
described here, which optimi ses the s inger s sound in
preference to the recording enviroruncnl , has been particularly

Al:olISlicsAustral ~

useful in recruiting professional operatic singers who have
volun teered to be recorded in places such as a rehearsal room
ncar their workplace rather than having to travel to an
anecho ic chamber with its associated artistic unfamiliarity,

Movements ofa singer relative to a fixed microphone
seems unavoidab le eve n when the singer is unusuall y
diseipl ined(as our subjec t was) and attempting to remain as
still as poss ible_These variations in the mouth to microphone
distance s appear 10 prec lude the use of fixed micruphone s in
the near field for recordin g voice for acous tic analysis.

A recent pape r Mellody et al . IS) _ ded opera tic voices
using a body ·mounled mi\;rophone and reported that the
recordmg levels were continuous ly altered durin g recordin g to
avoid over loading due to the dyna mk range produced by the
singers_ This technique of opti mising the energy levels is
common among audio engineers in mu.•ic theatre, television
and radio broadcasu but it effectively prec ludes meaningful
acoustic analysis of the voice energy, In another recent ~tudy

o f soprano vowels. Weiss et al 110) reported that strong voices
dtat were close miked (t",o to three inches from the rnouthj
produced an walmoSl squarewave pattern" whic h assumed a
more norma l shape as levels decreased, suggesting that the
recording je vels were 100 high or, more likely, the microphon e
hadbeen over loaded at these high levels of opera Iii: voices.
These report s alkl to some of our earlier obse rvations that the
dynamic ra nge of operatic voi ce s record ed with clo se
microphonesdeservelispel:ial consideration.

The well-known observation of the directiv ity of the
higher freque ncies, illustrated in Figure 2, has import anl
pedagogical application s. A singer hears tbe irsinging voice
with the alr-cooducted sound having a considera ble loss of
energy in the "singer s forrnant" region . It is understandable
why young singers need to rely upon recordi ngs made from
die front and upon their pedagogue s ear. The successful opera
singer app ear s 10 have the abiliry to rely upon the "
pro priocept ive se nsat ions from their body to ach ieve .
projection over an orchestra. more so than their aud itory
feedback. This must be a vel)' hard lesson for young ope ra
singersu it is this quality that translate s to audition success .
This area warranu fun ber invest igation, as it has practical
applicatio n to pedagogy,
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CONDENSER MiCROPHONES-A TUTORIAL
Neville Fletcher
Research School of Physical Sciences and Engineering
Australian National University
Canberra ACT 0200

I
ABSTRACT: This tutorial discusses the operation of several types of condenser microphone including standard omnidirectional
measuringmicrophones,simple cardioid microphoncs,and studio microphoneswith adjustableresponsepattern. The physicsunderlying
thelfoperationlsdlscussed,andtheapproachtoadetalledanalysis usmg electricalnetworkanalogs is outlined.

1. INTRODUCTION
Fifty years ago the number of microphone types in common
use was very large. Dynamic microphones were the most com­
mon, and carne in both omnidirectional and cardioid response
patterns, but broadcasting and recording studios often used rib­
bon microphones, usually with figure-eight response patterns.
Omnidirectional condenser microphones were in use for
acoustic measurements, and were beginning to penetrate the
recording and broadcasting fields. Today the situation is very
different: nearly all microphones in common use are condenser
types, from simple cheap microphones in telephones and other
voice recorders, through studio microphones with variable
responsepatterns,tosophisticatedmeasuringmicrophones.. It
is the purpose of this tutorial paper to give a brief survey of
these condenser microphone types and to explaintheiroperat­
ingprinciples, particularly in relation to frequency response
and directional pattern.

Because microphones are so fundarnental to the practice of
acoustics, most classic books on practical acoustics, such as
those by Olson[1], Beranek[2], Kinsler et al.[3], and Rossing
andFletcher[4] have a chapter on various common microphone
types and their operation. More recently there is a whole book
devoted to microphones, edited by Michael Gayford[4], and a
specialised book on condenser microphones of the measure­
ment type edited by George Wong and Tony Embleton[5].
Despite this, it is not easy to find a treatrnent along the lines to
be attempted here.

2. ELECTRIC NETWORK ANALOGS
The behaviour of mechanically simple systems can usually be
analysed by considering quite directly the motion of the
mechanical elements when acted upon by an acoustic pressure
signal. As the system becomes more complex, however, so
does the analysis, and it has been found simplest to calculate
this behaviour in terms of an electrical analog in which voltage
V represents acoustic pressurep and electric current i repre­
sents acoustic volume flow U. (The same idea can be applied
to mechanical systems by taking voltage to represent force
rather than pressure, and current to represent velocity rather
than volume flow, but it is simpler to use the acoustical analog
from the beginning.) The one significant limitation of this
approach is that it is essentially one-dimensional like the wires
of an electrical circuit. More complex three-dimensional ideas
have to be added later.

Acoustics Australia

In this electric analog system an acoustic resistance, such
as a layer of felt, becomes an electrical resistance, and Ohm s
law V=iR becomes the acoustic flow lawp=RU. Similarly, a
mass m that presents an area Sto the acoustic pressure is rep­
resented by an electrical inductance L=mlS' and a mechanical
spring bya capacitance C proportional to the compliance of
the spring. A sealed cavity of volume Vis represented by a
capacitance of magnitude C= Vlpc', where p is the density of
air and c the velocity of sound in air, these relations being
derived by considering the physics of the resulting motion or
airflow. All the standard techniques of electrical circuit
analysis can then be applied to work out the behaviour of the
acoustic system being studied. In what follows we shall
sometimes use these techniques, but also try to explain in
physical terrns what is going on.

3. MEASUREMENT MICROPHONES
An omnidirectional measuring microphone of standard design
is shown schematically in Fig. I(a). A strong thin metal
diaphragm is stretched tightly over the entry to the micro­
phone capsule and a plane insulated electrode is positioned
about 20.um away from it. The capsule is sealed except for a
fine capillary tube that provides a leak and prevents long-terrn
build-up or deficit of pressure inside the capsule. Theelec­
trode is perforated by a number of holes for a reason that will
become clear later.

When an oscillating acoustic pressure is applied to the out­
side of the diaphragm, this tends to move it towards the elec­
trode, but the motion is resisted by the need to accelerate the
mass of the diaphragm, by the diaphragm stiffness, and by the
need to move air from between the diaphragmandtheelec­
trode through the vent holes and into the cavity behind the
electrode. This back cavity itself has some acoustic elasticity,
as noted above, and there is the vent to outside to be consid­
ered, but we ignore these for the moment. The microphone
behaviour can therefore be analysedinterrns of the analog cir­
cuit shown in Fig. I(b), in which we want to calculate the cur­
rent through the diaphragm impedance interrns of the applied
pressure. The small extra stiffness from the air in the air
enclosed in the cavity can be neglected in comparison with the
diaphragm stiffness, which we do by assuming the analog
cavity capacitance to be very large, and we also neglect the
effect of the slow leak into the cavity, shown by the dashed­
line part of the network. At low frequencies, diaphragm stiff­
ness impedance Iljo£ is dominant over the diaphragm mass
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impeda nce j ed. and resist ive losses R, and the dia plua gm dis­
placement is simply proport iona l 10 the acoustic press ure

(b)

Figure I (_) Schematic di _gram of lUI omnidirectional con­

dt llscrmea..." emelltm icro pho lle. (b) Eleetric al ana.lognetw<>rl<.

for the micro phcllle ill (a ); lho:added e tTecl of lhe slow leak is

obo... n ....ith f;bshed lira, . incc il is irnporta.nton ly at very low

-~
In use, the micro ph,," e elcctrode is <;Ilarged til a pote ntia ! of

perhilp'\ 200 volts throu gh avery largc ll:sistor (per ha ps 1000
m<'gohms). Thi s charg ing iIliIy take seve ral seco nds , so thai
effectively lhe cha rge on the electrode is consta nt. Tbe ejectri­
ca l capacilallce CE betw een the elec trode and the diaphragm is
e".'i/J where S is the electrode area. J i, its separation from the

diaphragm , and r. is the permittivity o f free space. Since the
charge on lh~s electrical cepacaor is filled despne the rap id
diaphragm mution, the vo ltage acro ss it is inversely proper­
tional to the capacitance CE, and therefore proporti ona l to the
diap hragm spac ing J. which follow s the acoustic pressu re with
just a chang e in sign . Thcelecuiea lsiJ;N l wil1 lbe refore bea
faithful rep lica of the aooustie prcs.' ure signa l

At higher frequen cies things gel more co mpli cated . Th e
moIio n of thediaphra gm mUSI now be considered in terms of
its mass, its S1iffness, and the resistiv e Iosscs prov ided by the
viscos ity of the air as it is forced to move bet",een tho:
diaphragm and the elec trode. As sho wn in Fig. l Ib), these d .....
men ts are all in series, ilS is plain when it is co nsidcred Ihat
each one iSsepar3t ely resi sting the diapbrag m moiioo . which is
equiv alent 10 lbe electrical current in the circua. "Theeirc uil is
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lh.atofasimple resona tor w ithresonance frequency j" given
by 2I;t" t(lILQ"', and qual ity faetor (!s ",j" l2trR, where the
acoustic analog values are used fur L, C, and R. Tb e ex isience
of this resona nce means that the diaphra gm mot ion will be
mcreased by a ractorQat the resona nce frequencyj" , the
width of rhis rescnance being aboutj"IQ. Above the reso­
nance , the diaphragm respo nse wil1 dec line by 12dBIoc tave

To mak e a micropho ne with a good flat frequency

rellponsc then:fo re requiresa high resonance freq uency j",
and sufflCient dam ping lhal lbe n:spo nse pellk near j" is not
too prom inen t. Mea§urement microph ones have strong meta l

diaphragms thai can be ten sioned so lIS 10 give resonance fre.
quencies in IIH:range 15 to 50 kHz, the higher frequenc ies
app lying 10 m icropho nes of smaller diameter. The da mping
can N adjusted by changing the diaphragm spa cing and also
the diamet er and spac ing of the holes in the elec trode so tha t
the resonan ce peak is nea rly eliminated, but 100 much da mp­
inllwi l1a1so reducc the n:spo nsc:al frequenc ies a little bc low
tbe resceance

There are a few other Ihings 10 be consi dc red in design of
lhis simple type of microph one. The vent hole in the caps u je
has alread y been mcntioncd ,and the addition this makes to
the network is sho wn dotted in Fig. I(b). If the ven t has an
aco ustic now resistance Rv,lhen the time con stant for pres­
sure equali sation withi nthecapsule byflow lhroughlhe~'ent

is R,.Cwhere C isthe3co usticanalog capacit ance of the eav­
ity volum e. l be vent n:sistan cc is normally adj uslcd so tllal
this lower cut-off fteq ueacy is about 10-20 Hz, since tha t is
belo w the range of human hearing, and thi s prevents the
micro phone from be ing too sensitive 10 pressure changes
from shutting doo rs or other Influen ces.

Th e second thi ng is thai the one-d imen siona l model is too
simple sound c.an reac h the microp hone from differcn t direc­

tionsandth is c3nllave an effeel.lfthe so und incidence din:c­
t ion is alon g the axis of the microphone and nonn al to the
diaphra gm. then there is Jl() prob lem at low frequ encies, and

the microp hone diaphragm samp les the pressu re in the
aco ustic wave. If, ho wever, the diap hragm diameter w ere 10
N very large, then the wave would be reflected from it, and
eeprcssure on the diaphr agm wou ld be doubled , an increas e
o f6 dO. Th is increase OO;<;IIa wben lhe so und wave freq uen ­

cy is bigh enough that the sound wavelength is less tban lhe
diame ter of'the diapb ragm. At this sam e sonoffrcqucncy, the
micropho ne response also becom es increasingly direcnonat,
famurinll.signa ls arri ving normall y from along its ax is . The
reasonfor thi s can N seenbyex.amining a signal arriv ing al
right angles to the axis and thus tangential to the diap hrag m
lfthe wavelen gth is about equal to thcdiaphragm diameter,
tbcohalfoflhediaphragmwi11fce l apositive acouslic pres
sere and haifa ncgauve pressure , near!y cance lling

All these things have to he taken into llCCOuOlin the des ign
of a microphone, particularly if il i5 10 be used for precise
meas ureme nts for which acc uracy bencr than I dlJ is required
ove r the who le frcq ueney rang e. For mis reason mese micro­
phon es are divided imo sub-c lasses des igned for measurin g
either free fields or else simply acoustic pressure, which is
more suitable for randomly incid en t sound.

At;ousIlCSAustral~



PI = P exp(jkdI2); P, = P exp(-jkdl2) (1)

6. CARDIOID MICROPHONES

amplitudep and frequencyJis incident at-an angle Oto the
axis of the microphone, the pressure tending to move the
diaphragm is PI- P, where

A figure-eight directional response is sometimes useful, but
more often the requirement is for a response concentrated in
the forward direction along the microphone axis. If some way
could be found to combine the response pattem ofapressure­
gradient microphone with that of a simple pressure micro­
phone, then the result would be

(2)p(A+BcosO)

where A and B are constants. If the value of BIA could be
varied, then a variety of directional pattems could be
achieved,rangingfromomnidirectionalforB=Otofigure­
eight forA =Oand with a particular cardioid (heart-shaped)
pattern for B = A. These possibilities, plotted on a polar deci­
bel scale, are shown in Fig. 2. The one remaining problem is
the frequency dependence of the gradient response, which
would cause the pattern to be omnidirectional at low frequen­
cies and gradient-like at high frequencies because the pressure
gradient ata given pressure amplitude increases with increas­
ing frequency as shown by (1).

A solution to all these problems is given by the design in
Fig.3(a). Here we see the cavity behind the perforated elec­
trode of a simple microphone vented to the surroundings
through some sort of partition with an acoustic impedance Zp.

IfZn is the acoustic impedance of the diaphragm and Zc that
of the cavity, both of which we have discussed before, then the
whole microphone can be represented by the network analog
shown in Fig. 3(b). The topology of the network can be under­
stood by considering the paths by which acoustic volume
moves from one component to anotherifthe same flow moves
through each, then they must be in series.while if the flows

with k=21if/c andj=--J(-l). If the separation between the two
ports is much less than the sound wavelength, then PI-P, =

jpkd. If we extend this model to sound coming in at an angle
o to the microphone axis, then the effective distance between
the two ports is not dbutrather dcosO, and the amplitude of
diaphragm motion is proportional topkd cose, so that the
microphone has a figure eight or cos'Odirectional response.
Such a microphone thus responds to the component of the
acoustic pressure gradient parallel to its axis, and has a
response proportional toJandthus rising with frequency at 6
dB/octaveunless some other design feature enters. Weshall
see later what this is.

There is another feature of ideal pressure-gradient micro­
phones that should be noted. Since a spreading spherical pres­
sure wave has a form likep(r) = (l/r) eJlu""I,differentiating
this to find the gradient inserts a factor [1 + (krt'] relative to
a plane wave and so gives a strong bass boost ifkr<l, which
means within about N2n of the source. This boost must be

corrected for, or at least recognised.

4. SIMPLE MICROPHONES

The simplest sort of directional microphone is the pressure­
gradient design. Suppose that sound is allowed equal access
to both sides of the diaphragm and that the entry ports to the
two sides are a distance d apart. Then if a sound wave of

A variant of the design discussed above is usedinmanyprac­
tical microphones. The main difference is that the diaphragm
is made from polymer material about 10-20 J.Irn in thickness,
and has an evaporated gold film over its central portion to
make it electrically conducting. The electrode then becomes
part of the microphone case, which is held at groundpoten­
tial, and there is a separate connection to the metallisedpart
of the diaphragm. The main difference that this design change
makes is that, because the plastic diaphragm cannot support a
large tension, its resonance frequency is only about I-3kHz,
depending upon the diameter of the microphone. To obtain
adequate frequency response it is therefore necessary to make
use of the added elastic stiffness provided by the air enclosed
behind the diaphragm to raise the effective resonance fre­
quency to 15-20 kHz. In the case of measurement micro­
phones, the diaphragm tension was so lrighthat this extra con­
tributiontostiffnesscouldbeneglected.

The electric analog circuit for this case is identical with
thatinFig.l(b). The difference is that the cavity stiffness can
no longer be neglected and is, indeed, now much larger than
the diaphragm stiffness. The circuit arrangement can be jus­
tifiedbytheconsiderationthatairflowcausedbydisplace­
ment of the diaphragm, which activates its mechanical stiff­
ness, flows equally into the cavity, as doesthec1ectric current
in the analog circuit. Analysis of the resonance behaviour is
similar to that for a measurement microphone.

Use of aplastic diaphragm rather than a metallic one has
another consequence. When the electrical potential is applied
to activate the microphone, this imposes a mechanical stress on
the diaphragm attracting it towards the electrode. In the case of
a measuring microphone with a metallic diaphragm this causes
very little displacement because the diaphragm tension is so
high, but for a plastic diaphragm the norrnal displacement is
perhaps as great as 5-IO,um. It can further be shown that, if
this displacement exceeds about one fifth of the total separation
between diaphragm and eiectrode, then the diaphragm will col­
lapse against the eiectrode and the microphone willbecomc
inoperative. Fortlrisreason,theelectricalpolarisingvoltage
used in a microphone of this type isgcnerallymuch less than
in a measurement microphone, and the initial diaphragm sepa­
ration is larger, wlrichdecreasesthe sensitivity.

One further feature used in some of these microphones is
to do away with the extemal polarising voltage altogether and
usc instead an electret film deposited on the surface of the
electrode, or sometimes built into the diaphragm itself. The
great advantage of not requiring anextemal power supply
makeselectretmicrophonesidcalforportableapparatusand
also reduces the overall cost. The only disadvantage is that
the polarisation of the electret material gradually changes
with time, so that the microphone sensitivity is less stable
than for an extemallypowereddesign.

5. DIRECTIONAL MICROPHONES

Acoustics Australia Vol.30 December (2002)NO.3-111



u- [Z,p , + z....<p,-pJ ]rz, 2., + z,Zc: + z,2,,1-' (3)

figurt' J.(I)~i!"oflsimpleeardioidmicrophone

(b) AnatOSnct-ncin:uilfufthll microp/lol>e

oombine then they must be in parallel. Solution of this 1Id­
wor\: is simple. and the cak ulated value of the lICOuslic volume
flow through the diaphragm , caused by its movement, i.

Thc final type of micro phonc to be discussed is the studio
mkrop hone, which genera lly has a response , haraclcristk
that can be varied between all the panems shown in Fig. 3.
The general idea, deve loped more than thirty yelU1l ago, is
er.sentially to mount two condenser micropbc nes back-to­
b.aek with some sonofacoustic eouphn8~ntbem.and

then 10 conuo l the directiona l response by varyingtbe volt­
eges epphed to the two diaphragms

Figure 4(a) u.ow s the desi gn of a trad ition.al s1Udiomicro­
phone. lbe eleo:;trodesare made of thick metal with cav ities
to provide acous tic stiffness to the plastic diaphragm. and
about half of these cavities lead throu gh small holes to the th in
central space wbich provides a res istive coupling between the
two microphon e elemen ts. We can ident ify two basic mocks
for th is micropho ne. In the tim the two diapltragms move
inwards together so that there is no flow through tbe central
space, and the response is esscnnally to the pressure signal at
the mid-point of the microphon e axis. In the second mode,
one diaphragm moves in while the other moves out, and the
main impedan ce to the mot ion is the res istance of the centra l
spacethrough which the acoust ic curren t must flow. The
res ponse in this case is to the di fference between the pressu res
on the two diaphra gms, and thus to the gradient of the acoust ic
weve pressure . If the diapltragm lens ion is low, so that the
impedaoce to motion is large ly that o f air flow through thc:
centra l resistance , then the diaphragm velocitiesw ill be pro­
portional to the pre ssure gndienl and theirdisplacemerns will
have a {fn::quencyT' factor that cancels out the frequency fac­
tor in the gradient , thus giving a nat response for the figure­
eightpanern.

In the accompanying ele ctric preamp lifie r, the two
diaphragm s are connectedto a dilTerential input.lf,th ereforc,
the polarising voltages on the two diapltragms are equa l, the
response to a simple pressure signal will be zero, but the
response to a gradient signal will be a maximum . Conversely,

7. STUDIO MICROPHONES

whereC isthe analo8 t'aPacilance of lhe cavily. Thisisof
j ust the form in equation (2), and the response can be made
cardioid in form by lUT3f1ging that R = d icC, tllC'fmlue ncy
depen lkDce of this part o f (2) cance lling out TIle denom ina.
tor of (3 ) is nearty invenety propo nional to frequency over
rnost of the opera ting range, so that Uis nearly proporti ona l to
frequency and the diaphragm displacement is nearly indepen­
dent of f~uency,as it shouJd befor aflal n'$ponse. Uecause
it is nnt possible to vary tile vario us impedan , es once the
microphone has been built, its directicn al characteristtcv gen­
erally either cardiu idor hyperca rdioid, istixedat thedesign
stage.

Looked at physi,a lly, what happens is that, if the part ition
issimplyres istive, thenthe pressurcaetingonthe in~ideofthe

diaphragm for a give n sound wave amplitude varies mversely
with frequency above the value ofl fflC for the cavity, and this
caocelsoolthefrequency-dependentriseinthemagni lUdeof
the pressuregrad ient, giving a constant respo nse amplitude
and pancm, This no longer holds for frequencies below l IRe,
when the internal press ure approaches thc:external pressure
andthe respunse dCC"lines

'"(,)

F;gure 2. R~ ,,"ncms oblai nahle by ~arying the COll5tanl

A in "'lWllion (2): (ljomnid im:tionalwhen B -O; (b)figure­
eight when BlA " '"1; cardioid when B/A .. I; (c) . form of
bypereardioidw""n BIA - t .5. Rclative levd s are ind e<:ibel. in
aucases

~- oo
(a l (b)

<W-@J)-

where PI and Pl have the form given in (I) . If lllc impedance

7., of the partition is made a simp le resistance R. then the

numerator of this expression, which is the only pancontaining
w angular factor ces s, takes the simple form R + d cos OkC,
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(.)

~n
(b)

Figure4_(I)Dcsign of l .imple srudiom~.

(b)The analog c irroi!

iflhe polarising vehages are equal and opposae , then the gradi .

entresponse ",' illbezeroandlhepressun:rc~ will be ala

maximum. Somew here in between , perbapswith one: voltage
near1y equaltozero,the~willhavc a canlioidpanc:m.

Fig. 4{b) shows the analog circuit fOl'thismicrophonc from
which the rnotion of the t'A'odiaphragrn s under lhe innlltllCCof
a signa l at angle 6 to the microphone axis can be ca lculated,
and the design paramet ers varied 10 give lhe desired frequen cy

response and direcnonalpenem Solunonn f'the networkequa­
tions is straightforw ard but algebraica lly a linlc com plicatcd,
since there are 1hre<: separate mnhes 10 the network. implyinll
three equa tions, and each is compl ex 10 is really two separate
equations_ Nevenhejess these equati ons were so lved long ago

and microphone design s with excelje nt frequenc y respo nse and
directional characteristics were produced. Some of lhelle
designs, wilhimproved manufacturingand theuseoftran~i stor

rather than valve preamplifiers, are now widely sought after in
the recording ind ustry. The microp hone capsu le. ot cocrs e, is
mounted within a metal mesh enclos ure . both to prov ide
mec hanica l prot ection and also to reduce brea th noise.

8. CONC LUSIO N
Th ere has been space in this review to consider only the basic

type s of m icrophone design . and even within this limited Iield
there is an imme nse amoun t of technical variation, from large

studi o m icrop hones with dou ble caps ules up to 30 mm in diam­
et er to tiny m icropho ncs for in-car heari ng aids with diame ter
less than 2 mm . Diaphragms of th in taut metal and of muc h

softer plaslic havebeen ment ioned. butsome microphonesnuw
use diaphra gms etched out of crys tals of silicon so Ihat they can

he in close proximit y 10 components of the elec tronic circuit .
With sight and hearing providing the primary sensol)' links

between huma ns and the environ ment. jhe developm ent of new
microphone type s is bound to continue .
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I A~7<>-- I
ROAD TRAFFIC NOISE -THE SELECTIO N OF
A PREFERRED ROUTE

4. WIIAT TO DO ?

3. WHAT IS TilE BASIS OF CALCL'l..A1T."iG
EXISTIN G AND FUTURE :"JOISE LEVELS?

ln thc absenc e of informal ion at the ea rly stage of an y projcc1
il is hkel), tha t Ihc number of vehicles. vehicle distribut ion,
traffic speed and road surface will all rema in the same for eac h
roore. Thc param eters which will vary are, distance to eac h
reside nce, natural shielding and road gradie nt. Since the road
design (i...cut, fi ll and gradient) is not fixed at Ihis ea rly stag e
then il i. impossihlcto accou nt accu rate1y for these factors .
Real istical1y,d islallf e from the cenlrc linco fth epropo sc:droad
alignm enl 10 each reside nce is the only read ily availab l...
pa rameter to assess futu re noise levels . In a similar fash ion .
distance from Ih...centre line of the existing road alignm ent is
the only rcadily avalla bl... param eter to assess existing noise
level

Previou s a:ssessmenrs co nducted by Wilkinso n Murray have
co nsidered areboion300m eithe r side ot thc route centre linc.
Thi s has bee n based on the area over which info mt ation has
been readily available . Thc TL"Ccnl chang e in EPA guidelines
may ind icate that 500m or even further is a more approp rialc
disunc... within which to include reside nces

T he procedure requires co unt ing residences along eac h
routeoplion andoompi1inga spread.hcet forcachrouleop(ion
(inc lud ing the do nothing). A sam ple spreads heet is anac hed

The flNt step involves getting a decen t size map and enoug h
spece on Ihc effie...1100r to spread it oot. It is thcn noccs.saty 10

splittheareas eithcrsidcoftheexistingand new rcutes inm thc
fol lowing dilfemu distance calegori es from each route : o-sOm,
5O-100m, l Oll-lOOm, 20ll-300m. Just llS .... a scale rule and draw
Hnesparallel to eacb of tbe route options . The lirstdistancc
catcgoryrcalistica llydcalswith n:sidencc swilhin 25-5Om from
Ihcc:dg e of a rosdThe mov-efromonedi~catcgorylothc

next lJlcorefon: typ ically represents cqualchang es in traffic ooillC
I...vel ....hen all""'ingforgcomeuicspn:adingandground effect.s.

2. "'IIAT DO YOU NEED ?
Amal photo graph y and perhaps Ihe opportunily to spea k on
lhc phone wilh SOfllCOOe (Project Manager ) who is reason ab ly
familiar wilh the area;
't a scale rule;
Y asimpl...spreao:L~eet;and
Y Ihc ability lO 00un1.

Neil Gross
Wi l ki n ~o. M urray Pty U mited . U3 WlIIoulfhby Road. Cro w, Nest :'IISW 2065

I. I :'IlTRODUCTl()~ In olber words. lhe more residellCe!l affectedthe worse the
route , the higher the noise leve l, the wors.e the rOllle and the
bigger the increase the worse theroutc.

For De... roadprojW, I~ route ~1e<::lioo proce$$ is an
essenlial pan of dl"tenn iniog the preferm:l roule. Th is includes
many selection param eters of wh ich noise is j ust one .
Technical information ",hi eh includes some fonn of noise
a."l\CS6J11Cnl needs 10 be provided al the Value Manal,'efTlent
WOlkshop which would occu r early in the road design and is
a~uircment of tile EIS~C!O.1.llowever. norma lly lill ie or
no dala is available regard ing the dilTcn:nt options with the
exceptionof scvcral colou«:d lines on a map. The required
input to the YM workshop is tllal Ihc:sc rcure opuons nced to
somehow be ranked. Time frame is I wed. and the budget
may only be a few thousand dol lars.

Thi s article should nol be considere d as a research paper
but rather as a technical note which may prov e beneficialto
those aOSMsing road traffic noise in order to s.atisfy RTA
requ Ll emt"Ill~

Will ," ,,"," Murr ay 5 involvement in road tra ffic noise
projects which have require d a route !lCkction proces s has led
to the de velo pment of a simple assessme nt proce dure. The
pmef ,J", e e descnbe d in this article

When laced with 6 dille rcnt co loured lines on a map
which n:pmI<'11 t 6 route opncns to ee assesse d, how can you
decide which is the bes t overall from a noise pers pecnve? Are
10 res~s set back 50m from a new road beuer or W Ol'SC'

than a combin ation of S residences 'Ct back 2Sm with a further
5res~i'lCl llackl()()m. Whathappc""if sumeof these

residc",u l realrea<.lyaffededbyrnadtrafficnuise. lmagi ne
how much harder the selec tion becomes when IhL...... are
possi bly 400 lO SOOresiden ces at varying dista nces up to
300m and heyond.

Wil hou1 a site visit Of IheopliOllofd.. ingdctailed
ca lcu lation> (the route sclcc lion assesemenl is normally
restri clro lo a desktopstudywithl imitcdbudgctand wi lhout
a dcLIilcd road dn igo ) the essessr uem hllli 10 be based on
profe,,~ionaljudg.:m...ntandinlui lion .

An as.........~lIIcnl J'll" ......ure has been de veloped . which
probably suf'('OTIslhcinlu ilion, whichuse1Ia simple numbers
approac h 10 brcak tbe overallselect ion process inloa number
ofsmaller packages that allow com parison and can behan dled
...'tth greater ease.

To assess th... fulUre likely impacl of road traffic noise ,
Ihrce basic paramctcn ha' ·e httn chosrn
, Numbcrofresidcn lial proJ'Crtics rot Clllial1yalToclrd
, Future absohne ncise jevelat ...achrcsidcncc
Y Changcinnoi!'C1cvel (bolhincrcaseanddccrcasc)from

existing silua lion al each rcsidc n.:e .
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The second stage involves divid ing the route option s into
diff erent !leClions along their length (chainages] which simply
makes residence s easier to count and recount. Th is should
typica lly be about 10 secrions and preferably based on obvious
features sueh u in'enections wi'h e~isting roads

Thirdly, for any une of the 6 options for eac h reside nce it is
necessary work OUf how far the reside nce is from the ex iSling
road. and how far it would he fTomthe route opt ion being
as.'ies.~_ For eumple,ifa l1:Siden.ewill endupbeing So­

100m from the new alignment , thil residence mll.'it beadded to
one of the column s within the SO-100 m ca tegory depcnd ing un
its distance from the exisnng alignment.

The fourth stage involves repeating this processfor all the

other optio ns .
The fifth stage invo lves applying the vario us weight ings

shOWll al the top of eac h column , The weightings have been
selec ted by using a pa ired com parison proce dure in
conjun ction with experience in the likely effects of abso lute
traffi c noise level and of changes in traffic noise level on
potentia l anno yance . Th is is explained in morc detail below.

The weightings nmge from 0.4 to 6.4 and have been
selec ted starting with a we ighling of I . Thi s rq->l"CSents the
situat ion where there is no chang e in noise level a1aresidencc
set back 200· 30Om from the existing road. If noise leve ls are
higher (resi denc es arecloserj or increase-s are bigger. a
weighting grea ter than I needs to be app lied since it wou ld
rep reK nt a greater impact. Similarly if OOiK levels were to
reduce a weighting less than I needs to be app hed

However for the same ehange in noise In' el either up or
down the pl'OCl:rlure m::ogn ises that the increase is perceived to
be worsethan the decn:3se. For eumpie a route which impro ves
noise at SOresidence s but makes it worse at 50 is not cons idered
to be as as goodas a route , for the same chan ges in noise level,
whidlinenasesnoiseal lOandreduccsllOiseal 10

Since a 1000A ecrease in lIOise level is wide ly lMXl:pled to

be a subjecti ve douh lingin noise, this has been used to loose ly set
lhe weightings by com paring the differenl diSUll1ce categories.
The weightings have the:n been refined by compari ng diff erent
sil1lationsaoddccidingwhidlwouldbebenerorworse

f-ina lly, it is necessary to tou. l the number ofn::sidences
affected end cakula rethetotal weighting for each route opt ion
Bas ically the 10wC$\ lOOl/is the mute which affects the least
numbe rofn::sidencc."Sand theIowC'Sl we ighted tDlal is thc route
with theleastimpact

Impress the client by issu ing a report witlt a elear ranking
and be satisfied with the quality of your work. Don I be
disappo inted when you reali se there were at least 25 othe r route

se lection a.s.'e s.' n>ent paramelcrs and thc quielcst mute didn t
win. Al la.s l lhc fees for future no ise CODlmlmay make up for
the disappointment that noise was not the most important
selection parameter,

5. SUCCESS AND l:\-lPROVEMENTS
Thc~C'SSoftheprocedure ishard lodcfinesinccnoi!oCis

only 1 of man y sclectioo para melcrs and of course all 6 route
option s are nevc r built or cven assessed in rnore detail

However the proce dure has ce rtainly helped the author prepare
a quan titalive~ment ....hich appean to match the intuition

Th is procedure is far from perfect in many ways bUI does
meet its objective. Minor adjuslm t"11 ts have already bee n made
to th is procedure when dealing with specific projec ts. TWo

examples are given below.
Somep rojccts have had one route oplion ,whichinvolvcs an

upgrad e of an existing ahgnm ene with the other opuons in
virgin areas. This mea ns the e~ isling rou te would rem ain open
to UlIffie but with a jower flow. Inthesc inslanc es it has bee n

necessary to adjust the weighting for an y residence. This has
bee n done by moving it inlo a different distance category

dcpe ndingon the diffe rence in trafti c num bers betw een the
e ~ isting and future now.

Somc projects luve had route opIions in undulating terrain

and it has beenquiteobvious where cut and lill will be f"Cq\Iin:d.

Again ""justrn ents canbe made by mov ing the number of resi­
dence s from one distance category to lIltOIhcrto accoun t for more
smeldingorraiuced groundeffects.Theseadjustmen l, require
professional judgeme nl but in shallow cuI when: shield ing of

approx imately SdBA would be achieved would be similar to

appro~imalely achanllf.'of I dist.ancec atcgory . For a deepercut
this may equate 10 a change of2 dist.aneecalegories.

In using this technique I have beenable to cnncee il and
feel lhal il coul d be «norovedHowever this would require

more deta iled inpu t info rmalionand timetoassess lhese dctai ls,
bolh of which arc nnt avai lable al the early stage . ln additioe

the improvement in accurac y that they may bli ng is not

co nsidered warran ted at this eatly stage of ap rojed when no ise

is just l of man y select ionparametl:l'lI.
The autho r wou ld welcome any feedbac k
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l lATIlBIATlCS A1'iD
MUS IC
G As.;-a ya lo II G t'ekh l;nll:er a nd J t
Rod rlll:u~ (Ed I

Springer-~e.lag, 2002. 288 pp,lSBN 3 540
437 27 4 (hard c{>\ler) Di"'ibUior DA
lnforIlL:llion Services. 648 Whiteoorse Rd,
Miteham J 132. Au.' lralia. ld tH 92 10 7777 ,
fu03 9210 7188.Pnc e ASIJ2 ,OO

Thisis a<:ol1r:ction ()f patlCT'lo~ . a

mathcma!J(;fl forum -nbIe>J.inNI~
ly in lhrce diffclTnlci lies- TheencyclopacdiSl
Diderot, w~ nlUllC i. i"",*ed in the lllle,

e>.pre; sed thePyIh. goreanor Plalonic Mmli.
rnonllhal "il i.by numbcr and nolby pel'CO'Jl'"
tion thaI one may ~alue the suhlime in mu, ic·
some orue aulhors hen:oecm10 c1ing unrea­
sonahly lOlheoe ide3IO:on<:paper,on g<lOfl1(l'
ric.al rnethodsofapproximaling equal rem­
peramm l for l'n:tboanl.. ami..,. "'" precision
obWood using geometrical awro» imahon<,
,..h,le neglcr:ling""' ~impreci<ions doe

lO finilt l>ending sril1'nc5sand lhe increased
ten.' ion in . otopptd ....'ng
The finu.fo tlrp'pers i chaplers . re hi., orica l
The mU>icol"ll i' l Manue l FerJTil'a gi~e. a
hiSlory ofpropun iun, inbolh harmony and
rhythm, frllm Pythag<>ra' rothe Middle Ages
tkthard Knt>bloch revi..... cOrobinalUries in
baroque and cw.ica! music . H<fW many
differen t melodie. u e poss ible? is a q..... liun
ThaI am u.... nol on ly Mersen ne, Kircher.
lci bniz bul . I<o MoT.art, "-OO'Cm«m.....;cil
one of the o~!mown n amp'" of •
OOIIIpn<iTionaJg on lhm

The te afCrwo fonna lpapers,Marc u,nan
de~e l"l" • forma l logic fo. mu.i c. l
coherence ... d Guerino devclOfls . toP<'"
geomdry for mu.ic , There is . Iso •
'dialectical analysis' of mu. ic. " i! ich defcnds
thel hc. i. "lhalmus ic i. nol . .. iencean dlha l
iu logic i. mU5ic. l. no! m. thcm. lic. l,
phy5ical nor I"'y<:bo-plrysiological".

S~'eral chapre .. mig)" be cl...ified at

miKe"~ One isanessayonLae·ange

(who liked music because be could only
Iil tenlUiTforthc: firstlh"'ebaf'l: lhe"'a lkl'
hc wa' OOIIIplelcly obhvioo. To il and oould
con«nlf'llTenn maThemalic. ). Othen includc
~ paper about tbe 'eTMomalic.' exhihited in
lhe OlOlinari on plucked sIring instru menl.
and anolho:r desc libing the ""riOU$IU ln in
mUlical communical;on (composer,
perfonnc r listeneT)andlhei. imenocl;on

Three pape rs-my favouril.......ii~e good
reviewsof areas in \OlTidl malhcmlllics i.
cu rren lly iJ1V(llved in mu. ic and m""ic
reseereh , Duhno and A.....yag review
predi cTion melhod. including Marl<&\'

Acoustics Australia

me!hodo. De l'bti and Rocches....,gi~.clc...
and inlr:rcol'", review of a <:ompulaliooal
modt l ofOOUnt:lsoun:es. The lCientiol and
comJlOWr Jean-C laude RiMel I i.... an
eXo;cllenl m;ew of "'" relaTiom bctVoU'n
maThcmalia and music, = mu ingon "'"
area. in which he hi . made notablc
contn hm ion., snch as synThc.i . and audiTory
i1l". ion. The latteT .110\0'1 him to co un l<:r

laner-day l'ylhagorean' with Ari' t"..cnu"
a'1lument thar music is in lhe earof lheh earcr
l'3lhcrlba n in pure, ma""' maIical rea.......

The . iu ea. papers C""eT ' wi'" range or
!C:Jl>'".oo are only loosely rclated lO uch
OIhn.n..,. .l so ~ibit l wide ranlle of

quai,Iy. l expecllhaI."Yrcaderwitha
ba<;kgrwnd in mw;;c and malhcmalicl will
find several p'pe n; interestin g, and will
pmbably read nearly all of them,

Jue W,' if"­
J()f!IflJife is a phy.<iel.' t (and eompw rr) ~*"

,..s..-a",h ..-. rnusic acI)/u liCJa t th..-Uni""", ity
afN<'WSm.lh !fairs. n...-IDh's _h .•iJriJ

..........,p/ry.s,IIJ.......edu .aw''''....ic

VIBRATI ON CO :\TROL or
ACT IVE STRUCTURl: S

KIOY,'-'f Ac. demic publi. hen , 2002. 364 PIl,
ISBN 1 4020 0496 (, (hard ccwer)
DistribulUr DA InfUl'mlltion Se....tc.... 648
WhiTchorse Rd, Milch. m 3132, Aum.lia, Tel
Ol 9210 7777,fax 03 92 10 7788, Price
AS276 , ~~

Thi.l. booI< on ad i"" YibralKm conlrOl of
.trueturn is. clelighl loradlnlhe,ery fllSl
chapleTe>.amplcs o f illpla'lic. lapplicaTlon
are des<;ribc<!in a waythat holds Thc"'iIder'S
aTlention. )lS applic. Tion lOthe ..hiC'\'CfMIII
of clearer imagesfTomlhe ll uhble telnoope
is de""ribed in brill iant detail as i. il. appli­
calion 10 lwo earthhou nd tcleocopc•. All of
Tho: comp lcx is<ucs in~(\I" cd in apply ing
acti, ·e ~ibralinn conlm l 10 lelescopes arc
describ<-"" s imply !Ill thaI lhe re3der gains
confidence ;n hi. or hcr abiliTyIOtaekle lhc
lalcr m"", diffiru ll chapten. 'TheflrSfChap­
leT oonc~ wilh. ~"",Ie di_·~ ~

sm&fl m. te!ials, . n e.pl ..... lion o r "", diff...•
encc be<w«1Tf~ck and rttdf0f"1Ifd ooo­

lrOl and a d'SC\Is<ion ohhe .~ ill"'oIved in

Ihe dcsign ofan .cti~dy co"trollcd Slructun:

fnch.ptcr 2,l hcb ..ic c<Jncepls of ' \rUCTural
dynamics, i"" luding ~ib"li<Jnmodes, modal

decompo,ilinn and the concep! of . oollocal·
ed.en..... andactu~lOr .redi ""u<sed.Ch.pler

3 i. <Ic\tofedlUa discussionofactualors.nd
active .UUClUn:s. A wide ran¥" of actualor
!ypessuita blefor "li""comrol of struetures
arede-<cribed .ndpiezoele<:Tricactualors~

analysed Tndet ;ul. Models are deriwd for
describing the: momenll lIld forces dc\Icl.
opedby oon.t Mlineda<:fU3IOT"S .... . fimctiun

of lhe aPrI <ed \'(l l ta~. Vari..... actualOr
ohapes are discu.-..ed ...... t""i . apphc. lion
10modal fil leri ng "" . impJe SlruclUreS. Also

"'" ad'.-an...ges of shc ll lhovry oYer .i mple
beam tbe<>ry arc diocu...ed formodeUin8
piezoelectric palches . pplicd lo planar muc .
1IlI'Cs. An . dd ition 10 this char ier lhat docs ­
n't s«mt oquilefil bul i. inTert Sling "'Y"'l)·
isa di""ussion of.n.cti.e lrllSs ....hich
inc!udc. some .tru l' lh.t cnnsi. l"f.cti""
elc menlSc ap.b leo f pl'O\lidina cxpan.ion and
oontraetionfor...

In chzpler 4. "'" .u thol' demonstrated how
collocaled conuoliuaranleCSasymtotic .... .
bihTy for a wide ll llile of problemsand i.
much more robu.. !han Tho: oon-co lloc.ted
casefor lighllydamped structures .Thcnttd
fot dam rin g in non -colloc . led «ln lm]
arra ngemcnlSlo maintain . tal>ililyi s empha
sized . Chaplcr ~ is a di""u<siGn of ecnve
damping a. well 1l..lhe \lalioustypcsof<im.

plcfecdhac k conlml oy.Tcms such ,, "'eloci.
1)', posiTion, f<me and ,"d eration feedbac k

In Chaplet 6lhe fundamental concepls tllal

charx1eri ... aet i' '' ' ·ibralion i....lalionare di...
<:ussed in delail and a 6 d.:g "", of frenlom

~ibrali"" i....l. tor bued oo theSl.....= plal
form i, ana!yscd . nddilCUS'ed.Vchiclc __

pe"" ion. .... . lso briefly mentioned

Cha plers 7, II and 9 discu ss The
fundam e nlall of state . p. ce cont rol .
frequen cy domain methods and optimal
conlrOl re.pe eli"" ly with cmpha,i s on the
Con«pll lh. t are apphc. ble 10 structural
..i1""lion conlroI. Tbe di..ussion inC haptcf
7 includeo the mosl impoManI CfJIKepb .

NChu tran.d cr fum:lions, poles llld zeros,
po le pl. eerncn!, LQR contro l, observe r
desi ~n, reduce d order obs<!rve. and K. lman
fillerinl . whic h are diocusscd in much mote
dClai1 in in· depth hooks on feedb ack
control , bu t more importa nlly, the
diocussinn i. lucid and wrine n in a way lhal
"""" Id bc e. si lyundetstoodby . rudent•.
Example. used 10 ilIl1S1notc the conccpts
include the i......n ed pcndulum. lhe . 'ngle
osc, llator and the "'....mass problem . In
Ch""lcr 8,lhcdiocus<iO<Tincludtsla,n and
I'ha... nu rgins , NJlquin stability criterion .
Nichnl. cha n . un. tru clured u"" cn . inly.
rohusl pcnormance.ndslabilily, Bodepl"..
. nd non· mini mum ph.se ~ yst cm . , In
. ddilion. lall ' lead, PI and PID
compen<ators (or feedback controller) an:
discu.sedand clcarlyc~plai ned. In ChapTe.
9.dclenninifl ic and stoc h• .,i c LQR conlrOl
. ted,OCIJUCd,uis . fuU slale ob<ervet.l he
K. lman Rucy fi lTer, LQG <:ontrol, ~ilkwcr

ua tC>Ull o f e. cili llon o f .... i<kaJ, ·ihr:olion
modes• • • rc. ulTofcon lrOl, inTegrl lc ontrol
. nd ftequency shaping
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C hapter 10 co nta in. a di ""u •• ion o f
OOIItrollabi lityand oboervab ilily. in<;ludiog

aninlroduction wimportant <:on<:t'pls suc has
se nsitivity and mode l red ucrion, and Chap ler

11 is devot<"dto a discu .. ionon .tability.

Cha pler 12 is a discus.' ion of ,~mi-aclive

con tro l. The inlroduclion 10 maJ:nno­
rheologic:.l fluids is foll-.:d by . d>fIC>IIg.....
or f=ib;ackimp!<'nJ<'nwionsoflCTlli·acIiw

control incl ...Jina:contin UOUlcontro l. on-o ff
COflll"oland f(:lftt feedback .

An inle<c. lingchapteri.oumlle r 13. titled
· Applicatio... · . ln addi lion to tlcscribing . pe.

cillcapplications ,sorneof lhcpractic:al

issucsasaoci.tcd with digital implemclllaUon
of COlltrolf)'ilC1ll$ a~ e:>;p1ained. Th i. isfol·

lowcdby .&1ailcd ana ly. i. oflh.. app lica·
non c f active conwolto a tne.. . lruct ure, an
analy. is ofa 6 degroe-of_fn:edom generic

iOlcr1"ace fnr struclUlllli501ar.onand darnp­

inll- acl.ive<!ampingof .plale and .beam
and volurnevelocity scltii nll

Ch apter l4 i. cc nco:med enlire ly with the
act ivc cootrol of cable , truClures such a,

usN !I,..pe nsion brid ge!!, UlWe'" roofs aod

stadIums . Means of act ively damp ing lbcsc
elemcn lS i. es plaincd and an I ppros imalC

how- tbc:oryi• • rscdeveloped . AW1icatiM5
to .pacc !l1lUcture<l and cable .~d bridges

are drscussedIn detail
In addilion to thcc1car .....planal ion.ofoom ·

plcx p/locnornefta, lhe book has I number of
wnplc problcms at thc cnd ofnch chaplCr

( IU problcmsinlotall.whichwi\lbcmost
valnablcloiil\ldcnt.awcll .,. .lTUCtUrlIlor

mechan ical cnginccrs ooncemed wilh vibni·
l ion con trol

The book couldbcimpl'Ol'edby thc inclu.<ion
o f \I"lOfe pract ica l appli cal ioN of aetiw
vibrationconlrol sucbas vlbrat;on isolalion

of clocll"ofl microOCope1, conlrOl of high- rise

bu ilding vibration. in ' trong wind . and
eart hquakes. The diocu.. ion <If traosie nt

acilalionl suchascau.cdby earth quakcs

Iw.also l>eenomitte d anll thcdiscussion of
vclticlesusperu;ions is a bil bricf and shal iow.

Ncverllle less, thi. i. an elCellcnt book, which
wo~ld beuscful as a lc~t in a gral!uate CllUI"lC
on aetJvc:vi!»atioocontrol .. ....,l1asarcfer.

cnccfor rc<earchcrs andconstlllanls...,..kiflg
in dtc r teld. l am gl.ld lo ltave a copy anll rcc.

ommcnd il as a valnablc ad<!ilion to anyonc' s
Itb",ry of books On vibralionand it. con trol

CQ/in ll lllUf"'t

G>lill HlIlI.<ell U II pmkJ.SOrIII A<kllliJe
U"iwrsily and ~Ird, dew/oped
lind ""';Irell boo 01< lUI ;"" I<ois..- lind
vth""io n C(HJtr(>1.
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WAVELE TS IN SIG NAL A;\;D
(MAG I<: ANALYSIS

A A Pf1....,.. '" . ' G !\I.,u (UlIon)

Klower Academic publi~hCf'!l, 2oo1 . 50pp,
ISBN 140200053 7 {h.rd cover). Distributor
DA Informat ion Servi ce. , 648 Whilehor;e
Il.d.M,scham l in. Aontnol". Ir l 01 9210
nn. f.... 01 9210 n88.Pri ceA$310.62

Dcsp ilC ilsrelatively I'CUIIl mtr"OWctionas.
rncarcb topic within thctrLi thcmaricai thco­
ry,,,,, havc witncsscd an incompar<lblyrapid
dcvelopmcn t of ,lie wa>eleT theory avo:rthe
w t I5years. Wavelct!l arcvcrypromisin¥
forlhedcsignofe lfcet iveand clcganl so lu.
r~ lOvarious problcmo inthcr",ld of !li¥.

naVinta~ proces,"n~ andana1ysi.. and havc
a mac led a .'a . t interest from numerou~

",...",he", work ing in the all' •. However,
nOlWith, tand ing many advances, it hu bcell
noticed that I certa in l ap has arf'l' .red
bclwccn '"''''Velel~ .. 'Ori<ing inlltc
thco!eIical rlCld l nd lhooc:",hodi l'tt\ly lpp ly
lhis approach IOp t'lCli<:aJproblem $.

This book attem f'ls tubridgethil p p u it
stn\ltlto ·c1earlyoutl inc specific practical
arcas"'hm:thc aPl'l jcationof ~lelShas

lndeedP"O'-CO lO bc effcc ti.-e" ll conla lnS I
eoll«tion o f paJlCn that desC'nbc applic:a­
tion, of thc~C1throrytoa vvicty of

pn<:lical prob lcm" Each pape I Teproscntsa
!lignificanl Cflntribltlion withio ilS part icular
rcscarch topic of inlCTCSI

The papers arc a roupcd in four scclions or
paru .lbe introduclOry part il 5hor1and fl!O'
vidc:s50me backsround mathema lical infor ­
mation on wavelel des ign, fnImrs and lhe
~Iated top i.... Thoughthi. informa tion cao
hclp an informcdroadcrto undcrs talld sul>­
"""l""nl chaptc ro, I llrncral koowledge of
basic: "',,"vclet · and signal procasing t«h­
niqucs on thcputof tbc rcadcril prcsup­
po5Cd. Part2COflllillS .... chaptcnlhal WVCT
the emergi ng prob lem. and po..ible solu­
tions related to lhe issue. of multi sca le
Baycsian cstim<llion,fi lter banka. andanaly­
l is of tbc image . ymmctry and loca lity, as
....,U .. ...lcc1ionof1Cllturai fca lllrCS, and
fwIion of imaJlCfiusin g"""",lets . Pl ns 3and
4 are devoted 10 signa Vimage compress ion.
. oo W the.pp li,a tiofl of lhewavelctthoory
to process ing IOme ' P<'\'ifi,signals, such as
biomcd ical alld ... i;mi,signah

lbebook providcs an ....cd lcnt OVCfVN:w of
thc curn"nl trmlkinapplicd llm'e lC1IC'St'l1lcl1
in the .re. o r .i gna l/ imag. proces sing
Described techniqucs are irutovativt' and can
be.tr tcic'nllyimplemcrttNlllirli1h<' infor
mation p",.. ;ded in !he book, and U>cdeill"r
in prac1ical app1 ieationsOTfor~h,Thc

papCTS.lso contI ifl I rel. livcly lary:cnumbcr
of numcnca l and graphi cal CU'OJIks. lhal
illustrate dosaibcd .ignallima~e processin g

l. chniqu•••nd elln trib uleilltheil bencr
undcrstaod ing.lbi. book ca n bc very ..... ful
lo graduate stuOents. as wcll a' W CTlg ineen
andn:scan:Iocn...oo.ing in lhe flCld of ,ignaJ
and image proccssing. and il n:c<>lluocn<Jcd
forsc ientifi<,:lcngineerittg libraric>l

~Ca""'I"

IJrugwt<l C........-" .. a Rn . ..<dJ Scin fisl
....i lltltl Ih.. Marill_ Operalif," ni vu io" of
De/.".... Sde "" .. tI1rd Tn:ltllo/ogy
OJ.sani$.<lIiOtl, 1/er ""' /" re"",,~1t i" rerests
a", i" rh~ a",a of sig",,1 pnxeSJi"g and
del~dio"and e'lim"'ionlh.ory,

:\:'01 AP I'ROACII TO TIl E
VALIDATION OF ROAn
TRA I<'Fl C "'OISE MODELS
APT 14, Austroads, 2002,ISBNOH55M8 6056
Anilllble a., Ifcc down load from "'__'aUS_
lJ'l»ds ,COlO,au

Th i, rq>or1 was brougl>t 10 OUI"attCTllion as
worthyof n:vicwin gbc<:a..... of ibpartic:ular
relevanceto Australia and tts. .. yavailabtli·
ty. It lOla., prcpall'd for Austroads by Neil

Huybregts alld Tim Marks from Mlw.Jtall
Day ACOUSlics. The drafl WllScirculated 10

thc various l gcnc ies. T<'!IeaTC hcts. andeonsu1 ·
L1OlS ",ho . ll hadinpll lo thc fmal vcrsion

A srated aim oftbc pro;cct was UI provide tbc
lechn iClll lIa,is for a con<i.renl 3flproachUl
traffic noise modcllittg with in I fmmework of
clloic:cby3lllhOliricsand _Thedoc:u,
mcnlprovi dcs guKlancc in lhc prcpara lion and
&neMmCnl of road lGtff"lCvalidalionstudico
lbe Il'SUlts from a numbcr of w lidalion stud­
ies arc li,tcd and thc ·corredion" faclofSmat

a~ ncce<o""'Y logct gond llll'<"'mC1llis tTl<><t

imerestin a ·This isofparticularinlCrcst toany
who ha>1iobservt'dlhe Wl)'llGt trlellOisepn:­
dicbon dala ioU>cdia 1be_hation pl'lXeSti

fOf..... and~road!l

TlIIl eonccpl ,ofinoorporaringsafctyfaclors
and "''''';''& thc ~ ofrisl oftbe\1tea_

surcd ~w lc-ri C'1CC'cdi ng thc prcdictcd

1I(li..........I .,.., d...euucd h is intere5ling
thaI laking lbcscinw """"idcra rionit is rcc·
Olllmcnded thai (JIlC of thc methods. ,",'hic:tl
show, . difference of <4dR(A) wilh I Slan_
dartld evi.ti on o f 2.1dH, . houldoolha.... any
calibrali on facUlrapplicd

For anyinvo/ved ",iththc lMC&SmCnl ofrraf_

fic noisei~ thi, is ccnainly a tq'lOl1

......11"""",,OOwP loadin, and reading

MdrionSurge.<s

Hurl(ln Bu~ i.I a "'$<'<Urh 4fiur at 1Ju.
AC<la.'lic4 and /lib",'; an Unit, UNSWat
ADI-A. !iMiuJ.!lspn ll ",atly h"" "' '' II"",pring
W ... .... IMi"'f"'KU af,....ffic~dnJ

trying 10 Nlmlllllnic<r,.. ",.. fi Nl ing.• 10 lilt
,""",,,,uniry.
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I AAS~
Tho: Coone il o f !he Socic1y for 2002103
~o~KenM;klas~dlm~ NeilGro:ls
... Vi~e- p",.idellt. Gill ian Adams a.
Trn.urer. Temnte McMinn .. Registrar and
Cha rles Don, Geoff Barne s, Ian Hillock.
Peter Teague, Byron Martin . T ien Saw as
councilion. David Watl ins continues in llis
role u Geneml Secreta'Y

Summary orthe Council
Meetings in Adelaide.

The F.ducalion Grant llCbe"'" will be
<;<>nlinucd w ith a ma, imum gr~1Il of

"000
Council ..... lId like 10 keep members
inf<JfltlO:doflhcactivitie5ofStandard>
AuouBli. Commilt«'S. The S",iety
represcnlatj~on lbes< Commjllcc. ....ill
be a.hd to provide repo rts on the
. , tivilies on thcir Committe"" which will
be pub l ished in AcoonJi<"s AI<JI",l ia and
the Society "",bsi te

The Dire~t(lryofMeml"rn ..ill be placed
Ollihe Society ",,,hoiit' " illl pos""""fd
pro tcction 50 th.at only nll.-n,brni ca n
a=. ;!. In . ddir;OO, l1ocmbcn of thc
Soc iety will be supp ht<l ,,',thlIlei, own
pauword. th., ",i ll enab le diem 10
upda te the ir <ktail. rhtmw:l ~e.

S.f~uam. w;ll be proridcd "" th.ot .1I

chang... ~ ch«kedby Ibo: Rqism.-1o

t1lsurelhaltl>cy art coctttL Mcmbtn
",hodo nol ll", ea<U>.I l<>lbc iDlem<1
", ill be able to obain a C[). ROM or
prinled ~mion oflM Director)'

Su.l.ininll Membe ... lisled on lhe
Sor;iely ~b.itewill be i nviled l<) havea

link placed 1<Illleir company ~bsile

Thi.\ will enable members to ea,i ly fmd
Su.t.i ning Member cOl1lpany """,,"ilci

The membe.. hip fee. for 2002103 will
remain Ihe same

II i. p"'p"sed tn hold a <XlfI1bincd N,"""
ze.land and Australian Acoustica l
Societieswnf~in"'ewZealllld

during either 200~ or 2006

The Societ y is repre5Cnled on lhc
followillg lnlemationa l lnstiNleof Noiac:
CoottoI Enginccring(l· lNCE)Technical
SlUdyGroups,-I-lNCE TSQIIIOuIOOor
R«n:atlOOal Aetivi lies (Marion Burgess
and DaVIdEager), I_I~CE TSG#2 No i..,
Labels forPT'oducls(W.rwick Williams),
1·INCE TSG1Il Noise Poli cies and
Rcgul"t ioM(W,,,,,,, Renew and Marion
Ilurg e"'l , l· lNe E TSG#4 Noi se (;(lntto l
for f;chool room. (Gary Wood s . nd
W.rwick Wi lhams ), J- INCE TS G#S

AcouSl,csAustralia

Noix lIS a Global Policy Issue (La

""""").
Ce unenIuttta tlve
The: C'\1lIh1i.hmcnl of • Sub-C ommin ff to
prel"'re guideli""s lhat can hc used by
organi... lioM """ h "" loc. lcoWlCil•. The
guide lin.... ",i ll probably be ba:;ed on
Auml li. n and ISO Sianda rds and EPA
guide lin"" It i. propo sed 10 evem Ulllly
publi.h lhe gu idc lines on the Sociely
""'-'M~, More inforrnationcan be obtain ed
from Ihe ChaitpCTSOllof the Sub-Commin« ,
Mr G"" lfBam .,. (03) 98948S08

Future Dtreerton
Cou nc il will he looking al lhe Mure
"' "",,-ion of lhe Sociely duringa Wllllu;hop1<l
be hcldearlynenycar. Membenhip of lhe
Sociely ha.. mna,ncd stagn.'ml ow:r a nwnhcr
of yc;tJ1andtll<:rc=rtIlInyacousliciom
",'OIking in AUSll'lllia wftoarenotmembenof
the Society, ll isimportanlthat lhc: Soo::iety
"'l'rc_~.lhen<>ed,ofpeople""rkinlli nthe

field. of Acoust ics and Vibra lion. 11 i,
p.. ,p.. llCdtoh old a.urvcy of member>lofi nd
uu l wha t type of Society and w!lal serv ices
n""n h\;!'li ....mt Ii"Qmlhe Socicty. Membel"5
"",,,,,,lcome 1<lprovi dccomrne nl lothe
Chairman. KcnMikl.

Educa tional Gra nt
ThcSociet y launc hwane",educat ion
initiati~"C durins 2002 1<1 assisr in tlle leaching

aoo promotiooof acousti cs The winning
enlfjcs~rc an_ncedattbcNalional

Conferencein Ade laide . Two enlries were
juolged"'''''hyof rece ivinggnnB.

Dr hf'lu f rk b . oo beha lf of the ACOUSlie
and Audio Lt borntory of lhe UniVCl'llily of
Sydncy, wuawardcd $2,600forthepurcha-",
of ot)110N""ftw.rc. Postgradoalc~h

"OKlenl>, poslgradualecourse",nr k .N dents
l lIdfinalycar undcrg roduate enginecring
. tudc nt. will u<e lhe software. OI) f.ON
""n warci ,lISCd f"'I'C->CXl:h ioto room
acoust ics and for leorning aoo.. l lhe
bebiI~ioorofSOW>din rooms. lt i. beingullCd
by the Arou.oljc and Audio LabonIOf)' 1<1
~lCda1a1<l Il'lti n neuralllet""orks as","C 1l

U 10 1c:SI theoret ica l mode ls and for
aunlizalioo work in acoustic .im lllatiortll

:'>la rlnn BufllO'Ua nd JU'lql b Lal, A<;0\l5tiQ,
and Vibrariotl Unit, UN. S,W., '<""CTCawarded
$2,400 to idcnlify lhc: l"I' lcn i>. u.... of
Concern 1<1 Inc acoust ics com munity and
waysof address ing the problems idenl if ied
There i. real co ncern aboon the Jaek of
suppo rt I I all 1......1, of go~.mmcnl for
rc. ea rch and educa lion in acou'lics in
AU'1rlllia. The Society is a mem her of the
~ederation o f Au. lrl lian Scicn lifi c and
Technol"ll ical Societies (FASTSj which i, a

Iollbygroupwith links inloallk'o'Ct.of
gtM:mmenl . The projectwiU cnablelMlOp
i"'lIC1 of concem lo heidenlir~ and a plan

lObe r"rmu laled wilh FASTS inil$ lobbying
wilhg""CTnmenl

The f-du catioo Gtan l will becootinued ncxt
ycarand is opc n to anyooe seeking funds 10
...,.i, t in the tcac hing and promo tion of
aconolic •. The g rant can be used for
scholars hips . funding for rC'ICMchprojects,
equipment for educaliona l purposes and any
0100 wort hwh ile use

Four New Fellows
Council hal; lI"'"U'Ikd thegradc ofFrllow1<l
four mernhen. Oneoftbcse"'''''prescn1edal
tbereccnt coofCl"Cnceandthcod>crthrcewill
beprc".r lled acWespac 8 inApri I2003. The
ciwiOlllforlheae .wardsofFe lloware:

(~oltn Il u .. n has a distinguished re!lCarc:h
and le~hing record in acouslic s an d
' ibraIi01lbolh""lionally and intema tio....lly.
He ha. publi.h ed books and prc.c nted
pape rs. includ ing invited distinguished
p.pc ....l many conferences arcued l!>e
W<lrld , Under his leadershi p, acoustic s and
vibration. bave becom e mai nslream
compo.>lI(1lllof lhc mr:chanica l enginttring
dcKrces /Tom the Univers ity of Adelaide
Colin has made a majorcoouibulion 1<I1Ilii
Society <Mr the past 20 ycar!l . He Iw held
tmlny exe<:uti~e pt»; lions , \lIIderuken a
leadina role in nationa l and intema rional
conferet'lces and ha~ CIl00Ur.lllW lhe
partieil"'tioo ofOlhers in the aeti'<ities of the
Society.

::::::1~~~:U~~i.:a~~:u~~nb~~
ae ou, tics , hc r clcdication in prom olin g
aco u,tic •• her li relc.. serv ice over II

su. ..ine d period of 30 yean to tile
odmin i. lralionoflhc: Aoslra lian Acousti csl
Soc iety, tho olgan i..,tion of numerous
confcrencesand a' a memberof tbe editori a!
tea m of the Soc iety 's journal, MariOll
Butiesa b. s been elevated lO the gradc of
fcllow

Slephea Sa muds bas had a longstanding
e<>mmiuncnl 10 the Aoslral ian AooImo:::al
Societ y lhroUI b bis p.uticipalion in a ll
aspecboflbe Society acIivit ies and a number
o frenior pos'Iions....""the years inc ludIng
Pmidem ereeSocietyand Chai rman ofl hc
Victoria and New Sou lh Wales Divisions
Slcphcnha,bcen "" tcns ivcly involved. in
promotingtlle acou.t icalprof""sion andlhc
Soc iety lhrough many aolivitie . such as
ors.ni sinc and pa rtic ipating in A.A.f;
c"nfere nce. , li e has also maclc ""hSlamial
cU'Tlribulions lo acou.. hc.' lhrougb reseRrl'h
in rhe.rc., " f road pavement and road lraffic
noise . He worked on a variely of projce\!l
dca lins Wilh road design, ,=b ic1e
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perforrnaroceand the environmental impacts
of road s and traffi c. wiih parlic ula r
spec ialisalion onroad tratr""noi "'l

J...."hhl hn a di"ingu isbed ~b

recordin mginecrin&~ ofsoondand

vibratioo and has J'ubl isbocl widc:ly in !his
field Under his lea dership. lhe Aru usli""
and Vibralion Unit of the Dcparrmcnt of
Aerospace and Mech.anical Engineering al
AD FA ba. devcloped an excc llm l repuration
and carried OUI valuable cons ul!ing and
C>.lenSionwor\ . Joscph Ilu .l>omadelnlljOf
co oui bulion' 10 the Soc iC1y, pr incipall y
lhrough hi. I""l ilnm as one of the lhree
EditocsofAcou'licsAu>traIi a.

Exeene nce In Acoust ics A" 'ard
The fi naJi . ls in !be iRllugllral 2002
Excellencc in Acou stic. Award)llOllSOl'Cdby
CS R Brad ford Insu lalion wcre reccntly
annou nced a l the AnnUllI Con felCllcc in
Ade laide. The aw-.u d aims 10 foster and
",w"rdnccllencc in XOWilics aod e.ntric> arc
jud ged On demonstrated innoval ion from
wi!hin anyfieldofacou.-tiuThefinalirtl
were . elec led from lhe firs t round of
submi", ion. and the final j udgcmcn l will bc
made fol l(NIing .-=".....cnt of an addition :1I
mbmi lSion and announced al !he time o f
Wespac8 io Melbourne in Apri l 200 3

The range of projccb submined sJloo,v the
divc",i ty of aco1JJll ic•. The lop ics ind uded

120- VQl. 300ecember (2002) Ho. 3

hcario g prol ectioo software, usc of ncural
nelWOr!<s f"' prc<liclioo ofsouod reduction
pcrfomunce . noiserc<luclion for a te.-t cell,
noise conlrol f'" bridg . joi nI5. ... und
aboorpl ioo prodIIIct, mll5icalllCOU>lia and
reverberation enhon«mcn l. The j udg ing
p. nel, lWO from lhe Socicry and two from
CS R, we"' p"' ..nled wilhquite a ch.allengc
10 sclcetlhefinaliSl' .

"All cmries """, o f oul5tallding quaJity and
idcntifyingfmaliSlSfrom MICh.l.SlrtlDl group
nfcandida<e s was IlOl easy" Slated MlMarc
O iffotd, Marketing Managcr. CSR fl radford
Inoub lion . "Tho,... fioa lisls chosen were
rrwardcd for exccptional submi ..ion.which
worn: viewed by lbcjudgesas ...g01r"".nl
conbibutioalothc~co f1cld" heaaid

Tbc lWOfmalisu .... tlo worn:both consll lercd
10 provide a demonslra lcd inn<>vativc
a""li calion of .oo Uitics,a rc·

RT.4.Rai d I nd Dr1d~ Ttchnol OQ wbose
project i$ ' '' oyilltCring Meth<>do Of Noi"C
Co ntro l For Modu lar Bridge Exran.ion
Jninu · . As vchiet~ travel ",'cr lhe joints
annoying environme nta l noi, . ca n be
produccd · 1b<: l roup invcsligalcd a numbcr
ofmeohnd!. forconlro lling thi.onoi,'IC. They
foundthalthcu"C of .specially <lcsigned
Helmho ltz . boort>er tuned to lhc dom inanl
aco astic frcqucnc iC\iand insta liedin lhc "" id
spaca of thc hridgc provided . m1ut.1 ion of
IO dB(A)

:\-fad ca l Acau ,lico Group from lite School
of Pbysic. , UNSW wllooc project is "Flule
ACOUSlic, : New Undc", tandins. And New
Tool. For Music iana".n..ir I'C!lC!an:h uSC$'
"",",e! lechn iquc for lhe mc""",mml of
aco1JJllic transfer funct ions wnh hiJ h
accuntCy, dynam ic range and "f'CCd. These
stud~ lo:JlO an expcrt sySlcmto rank all

p"'" ,,"eOOlCli,A flexible 'mll-,icianfricOOly'
-to..mticc w-as then""""'lopcd toprovidc
thc...-or1d's f1auti5Uand eom~ witb
C"" Cr, be ner wa)'ll ..,f playing dimcull
plnU ges and chord .

Thc.. fi nal;'lScach,.".;eivc-d agifi lolhe
vai""of S250. Thenexl , rcp i. f", thcm lO
provide a rom prehe""ivc su!>miss;oo to lhe
judltin3panc-1forlhc JClcet ion of tbc award
,",'inner. T1>e winner to be IIlIIlOOnccd . 1

Wespac K in Melbourne will re ce ive a
pcT>(ln3 Iized plaque .nd . pri~ lo thc: value

of$2..soo

AAS Educall onal Grant
sU~~Ic;~. cl~ 'by

AcousticsAustralia



1 7«<=e ~1
WESPAC8

Fusion And Dolphin s Amongst
The Noiw
Hey. !IOITI<1hing i wrong! WESPACl!, in
Md bo umc duri"ll April 2003, is"" acou.cic i
confcml<:c n<,>I or>e about nuclcar fi"ion
All! Perhaps you haven' t heard of
oonolumine"",en«, wh= an aeouslic W"dVC
propul!I"l;ng Ihrough a liquid caDcause light
cmi..,.jull.O,cillalions of ga, bubblcs ;n!/l e
liquid may prod uce su ffi ciently high
lcmreratll~. lhatlh=;slhe p(lSSlhdJly of

nuclt3l'fusion or sonofusionIO OCCUl'. T1Ic'>c
intriguing idea> will be di>C1.lMCd during I
opecial u lk by larfyCrum of the USA, in
.ddihonlc> luI PlclI3ry Le<:turcon lhe
mM;Calapplicalion.ofUhlason ics

WESPACII will tru ly be an international
co nfe«"Il«,cO'onl ng a wKlc range of topi..,.
One pa!"" w tll ron<idcr Ilmund home noise
from bl.... ing • •unnel for a rap id rail link in
Soulh Africa. A sugge. tion from Japan
invnlvclu.i ng tound to detcrmin e. in a non­
conlaCl way, lhc numlxrofpiccC'Sof d oth
bcing~nlogcthcr m af.lctorysi lualion,

while tcclm iqueo for anal~ing vibn.l ;on
$ign.aJ$arcditCU-.lin ap"pc1'from FratI«'
From RlL>Sia il , p.1pCf on sound li gnal .
pror . g' ling in , h. lIow W1Iler ",hil~ lhe
dcsignorCOl1ealhal1di lTlL<cnis~OMidcld

in • p"per from Kor~a- In fact, pa pm 1uI~

been o ffered (rom 24 co untries , ind uding
Canada, Chi na, Dcrunark, llldia, Ita ly, New
Zealand, Taiwan and ~nAlL"ralja

Al W ESPAC8, mode> of vibrat ion er«lod
", hen a circular orl'll)'0 fjt1s in the basc o( a
roc ket bla.t o (rom a hard ba se u n he
con lrll led wilh the noille g~ner1l1od by an
undef\o,-ater 8u jet, if )'OIl anend papcn
ochedulw inthcnoioeandvibration area and.nunde""'ler .cou.ticl """, ion. Mor t
mlL<ical rnonallCtl will he eons i<ltred in thc
acouolicl of Panp'",," and whtn dctenn ining
~ ptalt profi ltsofguitars by magnclic fie ld

In the p.y chnl"lt ical and phy1inlogi cal
acou' lic1 arc• . I keynOle . pel ker will
consider 'hc ridc t ity or~oducedsound

fitld. "Thc interflCC~nnoi ,", controi

and 'OOund 'lua lityi ,thelOflicof one of the
.ixdioringuishcd lccturcol obepre=llOOal
wIiSPA(1I . OltJm; mvol~ the vil""tiZl1ion

and aur. li2l liOll or.......oo fie lds for room
aoouWCI, and lhc a<OlL" icl or specch in
classroom l .n d """,Img places , wh ile two
develop aspcc llof opcc<h: (or lbe mob ile
tn'lironmcnt an.d in scienceand lCchno logy.
About 40 paren arc eXpeCled cc....eri ng all

Aoous l,csA ust raha

I'p«l. of build ing aco uslic....... ith • •trong
~$is on audi lorium ond oonccrt hall

deli p . Noj "" policic< in Australia. rraffic
noise prob lem. in Hong Konll, new
Europc.nstan danl.forrraff"lCnoioc ml""ing
device ... lyre 'roa d nois.c: e minion and
airc•• n noisc. arebut . hand rul or lhe lopicl
C<>n.idcrcd in Ihc sel.ions eo vt rinll
cnviroomc nwand lransport is>lll'$, Aswcl1
.... I""" di.\t ingui.hedlecrurc., ~r 25 papen

areexpccloo in lhe gencr. l areaor opeech,
includi ng .pcc ch «< ognit ion and
enhancement. audi"met ers. ~aklng styles
and detecting the chan ge ohpcllker in multi·
party me<:I,ngs.

And ...'hat nboutthe Dolp/tins 1Thcla~

number orp"p""" at W[SPA('Il"", in the
undcrwataacoostic.s«tion,~there ita

otrvngtrnpha1isonthetMo-a<pecu.Tht IL~o(

soundbydl>lphins, the'OOn<ll"or whl lC:S,an,J
theac oowbchaviour of seal. are among lhc
fa.c inating topics to he treated, along with
mapping ~cabed vegetali"" , a~oustic cavi!ll­
lion lhresh" ld,ln ocean walen , and the i""" _
lif icnlionorunderwalc' lar1!elo.

Unfortuna lely. thi.bridsummlLl)'or oomc of
lht inlrigu ;ng topic s 10 he d iocUMCd al
WI'_~PAC8, in Mtl boUl"f\(" from 7 - 9 Apri l,
2OOl , cou ld noI include all Ihc papen ......ich
lui"", bcm o lferro . BUI ....ith wcll 0""" 100
papcn expc<1cd ru nning in , ia par. lIel
WOf,.ion., i l is impo ssible to men lion
nerything. So for run her infor mll io n,
plclllelook up the lislofabstrllcl' ll i~n ,m

lhe co nference web Sile at
w....w.wesp;u:8.rorn, orbcner still, come 10
WESPAC811';eIr, where ~rc will be a
l",. hn ical an d !fade cabib ition. ItlU or
inlert" ling co mpa ny, good food a nd a
plethora o(informativc papm;

Te nt h In tern ation al Co ngress
on Sound and vfbrarton
The Tenth lnltrnal ional Conllrc•• on Souad
and Vibranon(ICSVI Oj will be bcldon 7·1 0
July 2003. in Slocl<holm Swtdcn al KTiI (lhe
Rl'l' a l In' lilulc o f T"" hnolotty). The
Conll re.. i. spon'lOred by KTH , llAV (tile
In lernalional Institute of ACOUOlics and
Vibul ion ) and SVlB (lhe ScandilUlviln
Vi!lraiion SociCly)

The Coogres.s ....ill include dill inll.. ilhcd
kcynotcaddrnso..-a,inviledandcontnbultrl
papers in the &rCOIor sound and vibration .
Disling ulshcd keyno le addr C'lliCS ....iIl be
prcst'nlcd by: Yuri Bobroo.nilsJrii, IMASH,
M<l5COW, R....ia on Meas uremcnl of lht
vib ralion e nergy characle ristic . on
slrw:lurc1. Dayid Burnett, L-nSpezia, ju ly
on Finilt -c1ement mclhods ror i1ruc lura l
aeo uslicl: phy. ies , mathemal iCl and
modelling, An n Dowling, Ca mbri dge
Uni..."., lty. on Thc interacti on oracoumc

,n. 'es and combustion, Fridolin Mechtl ,
Germa ny on Duct &COWilics, k m louis
Guyadtr, LV" . I:<oS...-Lyon, Fra nct on
Energy «:si d ....l: A 100 1 10 ll ..dy lhe
dispcnion o fvibroacOU!lticpnformances of
. \(\let uTe.. O no Oa rtmeitr. Daimle r­
Chrys ler, Germany on !'o<sihililies nnd limi"
or NVH C AE ap plicalions in da ily
t nginee ring praclice and Zi Qiang HOll.
Institute or Acousti c.. Hc,j ing, Chi na on
Applicati on or DSP in aco U-llics and
'librarion.

Fun her infor mation on lho co nlribu ted
~lCChnic;al nhibil"" and the social

program from hlll' ;l I.. ,. -",.co ngrea.com!
iesv lQ, Fu :t 46 R 66 1 9 1 25 or
icsvIO@)congre•. sc

Ultra sonics In tern ational
(UID3)
This con ference will be hd d 30 June:to 3
July 100l in Granada . Spa in. UJ03 il lhe
19lh Confe«:ncc in lhi,inLema liona l serie s
do.votcd lO thc 5Cicnct and lechnology or
uJu-asound Theconfereoctll"illcompri->eof
Special and ReguJ. r Se""iOfli .... currcn t
lOpie. in thc fttld of " Ilnsound and will
illCludc lrr<iled Plenary Leclures,
Contribuled Ora lt and !\ISler Pn:5t:ntations
plus a n Eahil!i lion or ull rason ic
in. lr1.III>cT1tat,on

Furthcri nrormation from "",-w.uiOl.com or
j ,henoist@c lscv ier.eom

In ter-noise 2003
The l1 nd ln lernat io nal Congrt'" and
Eaposi tion on Noise Conuo l Engineerin g
(INTE R-NOIS E 20(3 ) i5 10 he held at the
lnlernali ona l Convcn ti"n Ce nter in
Scogwipo, JeJu lo;!and,Korca,Augu",15-28,
200l . The Coogrelll il sponsor ed by lhe
Inlernalional Inslitult of Noise Conlrol
Engineering (I-INC E) and oo-organired by
the Korean SOCiely ror Noi.., and Vibrat ion
Engineering (KSNVE). and the ACOU1Iical
Soc iely of~ (ASK )

The main themc or the Con..rcol i$ "Noise
and Vibra lion Conl rol ror Huma n and
E",ironmcnl", .. n ilt variou t lOpic1",l atcd lo
no is.c: a nd , ·ibration. Del. il. on the
co nfere nce an: avail able fr(nll W\IIIwj _

ince.org, rn+82·2-764·<,l511Oor+t12,2 .762,
4946, ;nh:mOisc200l(~oovanpco, co , kr

WESPAOJlIJ)))VIII ::!:'::.
IthW este mP atlfl c AcousllU &onlert nce

MEl BOUR NE. AIJSTllAllA
7· 9 APfIIL 2003..... ... IOCIIS

... ,..rn........n_
1r1l;I11W.ftWlSjl5Ctlcorn
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Victori a
Dmo "Qua. h" Sound Manalt~men l

r oan,s

The lechnical mceting held at Dow
Chemicals, AlTooa, nn Oc1 16 was lo enable
Dow Chemicals in oonjunctioo"'~lh lalimer
Acousticsll .!aunc h ancwrange of "Quas/I"
soundman.ogemenlfuams. hwasa meeting
organized by the ANCE 10 ...-bicb AAS
mcmbcNalso ...= irwiled, Richard LalilTJCT
of CMG Lalimer Acow;hCII~ the
mcctinganddescribed1henriou.acoll"tical
andte<:hnical I'f"I'Ct1le.of lhc new range of
soundma nagemtnt foams.

"Qua>h" is an extrudcd la'lle clo<ed cell
polyolefin foam in ...hich WCO\l3tic energy is
di..ipated tllrough mcmb....ne and cavity
vibration. Thi. conll1W> with fibrous 01"

oren C<'IIcom..,ntional tnolerials( .... ;h aslhe
widelyuoedACOUSIopf"""' l\Ibber)i nw hich
aooustic energyi< di"' ",ated th'oogbai r n"""
and friction. A. an eu ruded material
"Qu3."'" is made in a vartety of sizes and
lhickne... and is u.ually colored white or
bla<;k

"Qua, h" may be used as eilhe, a SOWId
. bsorbc, or noise barriL". Ike ...."' it ;..
cl"oed cell material it aho hn othe r
advanlag es such as vn y low ..... ter
aboorption,..fucb =ult in ,ts phy. ical and
llCOUS'Iicpropcrtiesbeing highly ltablc in
compa rison with O1Mr malerials having
hiJlher .....tC1 absorpli on. Its low water
IIboorption also mcans .hat it can be readily
clean ed and washed (including water
bl•• ting) witbout ito pe,fo rn,,,nce being
adve"", lya trocted, lti .a lowdcnsity, light
weight material, which won't dc:k...-ionl1e OJ

rromotecom>'Jion. hi. ", latively rigid
ha,inganinherenlmecbanical .haI~and

so ea.<y to install. In gmcnl, it is a -...ilc
acOll.lieal malerial ....ith ....ide use in
wnlpping , lau- ing, shielding, industr i. l,
marine and a..1omoIi,.., applicati",,". With
.u ,lable addiho nal tr.... tment. during
manufacture, "Qua"'" materials can cxhihit
high tcml"'ralureand high firc ,atings

At the closeofrhe meeting. John Upklll on
bchalf ofa ll present thanked RichaId Lalimer
for his ptt ..,ntatioo, the "me of thanh being
carricdby aPl'lausc

A(; M AT M E:I.BOlJRlIiE 'S CO,\; CERT
IIAI.!.

00 "'"g 7, . lec"" ical mectmg and AGM ....as
held al the Melbourne Concen H.lI
Andre.... Nicol, • senior "",oc iate, and

AcoUSlit s AUSlrBliB

manager of Amp Acoustic•• and Da.........
Golding of tbe Concen Hall <pOle 00 the
acoustiCl of lhe li ail and itosound,y, ten1
Approximalely 3Smembers and mends were
P1gc;nl

AIl<\rrNNico l began by ~ing lhal Arup
Acou. tics was srudying theal'OUliticsof thc
Concert Hall as a rc.ult of continuing
~ommen'" that impr"""men t. we n: needed.
aod I>ocaU!IC its 20th .nn ivaury wu seen 10

be . n orportunity to address tbesl:
Des,gning lMhallllcganin I97J .with Roy
Ground... . ",hit«t an<11he US COIl>ultantJ.
Boll , Beranek. Newman (BBNl Inc
unde1'takingtM"""w;ticaldc. ign. Tbe
gene,al de. ign of the Ha ll was thu.
inn... m:ed by that of thc Old Mm. "'}' Hall,
Toronto , Canada, which at the hme of design
wa. consider<:<l l cOl"ticolly succes"ful, 1Wo
O1hereOl1cCfl hall. , in S.n f rane;"; o (Loui...
M Davie. S)'IIIphony Hall) and Toronto (Roy
Thompw n H. ll ), ,,"Cre being similarly
deoignocd by tlw oamc a<:oustio;consultants
All th= han~ bad • similar basic shape,
differml rrom the pre',iously adopted and
aco u.r iea lly success ful reclangul..
""' oebox" dcsign, in ordc, to accommodate
audienCCll greater than WOOand up to 2S00.

As built, Ihe Melbournc Coneen lIall
aud ito, ium lias an inte, io, , olume of
26QlMIm', aoJ a mid_frequeocy reverberation
time of2 ,2s, Thi.couldbe,ariedwith1he
u. e of drape., tbough tile cla,m that
m"t'r\:>eralioeal lligherfreque ncit'$ oouldbe
~tol .S. d<>es11<llappe.rlOha\..,bttn

SUSlained inpractiee. Con..i<kredby BH'l to
be the: lOOlil ~rilical acowtic elemenl is the
array of 24 ovaJperspe. lOund renec tinll
p.n els, originally "" 8t .oo ut9m abo\.., the
slagc. Both angle and heightalxM:.'Ilage of
the.<e panels can be varied, a featurc used by
some of the hall's cooccrt performers

The Concert H. ll ..... . opened ;n 1982.
Almost immedIately, then: .....,re critieismo,
both fa\'Ol1lbk lInd ad.-ene, of ib acoU5tM:s.
one group of critin nami"l! il -rympany
Hall". As a _uh. tM audilOriwn has
e~ perienced .o me . uperf icia l periodk
acoomc mooiflCatior!.iocet hen. Now.a flcr
20 years, and '" a rc. ..lt ooth of conlinuing
dissati.fact ion and ofncw developments in
,c Oll, tical dcsign. thc haW. a", ..."ics are
undergoinga tooroughre-appra ili81. Thisi .
beiogcaniedolll io two ioitial Ilageo.

Ie Suge One.1he Hall'. ao:.oulitiequalities are
to be thc subject o r con'IU'tation. diagnosis.
in ordertolt-oughly undcntand .. tratneed .
to be fixed. Such undemandinR is most
impo'lan t Stage TWo will involve
d"""lop ing an eccusee daign brief for it.
refutbi.h menl, th.ough e. tubli.hillg its
boundaries, and devel" ping conceptual
p0 'l'O,;,aI. for ,efurbishment "" tions

A. p.art of . 1oIge one, the VACT, John
H""kins (orche<lra conduCl"" and former
ltead orthc nei ghborinIl Col~e oflhe Ans),

othcrcooouct" ..., "' che' t' as, ....loi" ' and
experienccd Ji, tene.. ore being COll.>ulted.
Key acoII. tie raramcte rs sucb as d arity,
re-erbe<ance, 1<lUdne.... MlllflC:e, ensemble.
...r",elopnllmt.susl ainabihty. andbockgroonll
noioe are being JllIdied. E~.luating!he

commenb on these ia. _i"'io;a]process

So far, commenl. rrom pcrformc.. on the
p1alform indicale that clarity is 1lOl vcry
good, with llle , tringed instnlmenb ' sound­
ing 'm oody' but ""riohle ; """",""",nee
being mcdirn:re, bul ....ith a telklcncy to being
' li, 'e' rather than '<!ead' ;and""""dOllthc
platfo,m being gcne,ally very lok>d (pan icu­
larly frombras ainsttumenu) , ByCOrttrast.
listeners in the auditoriwnconuneOledtbal
clarity and reverberanC<' Imded to be poor
(witll .tendcncy lO\Oal'd ·de;Wneu ');v.1li le
the SOI<IId generally ...'Ould benefil from
being loude,.

lnterimco ncl""io....rc th. t

l1lcre i. a lack of envelopment - thc
sound is mainly frontal, ith very linle
renec ted rromthe . ide ns. ln thi.
respect. thc balcony dIffered from the
eirclc and stalls in tbat hcrc lhere .....
some degrtt o r ........,lopment .......Iling
from the grea ter adjac...nl w:all md
ceiling area.

Thcn: i.eonsidcrablevariatioo insouod
quality from sear rc sear as welt as a
significantly greatcr loSl of reverbcration
altd sound pov."', under bak" " ie.th.n
out in open areas oflhc kall

Tbere i. a pm,"""nium·likc inlemt pliOll
of M1und belween I"'r fonne rs and
audience . Performc"' OJ1 ita~ =eive

hllle 80Undbad from thc . uJ itorium

The limiled ""'l.uence of rene clion.
me.~ thal tM sound is il\l;utfieicntly
sum ined throughout the auditorium

Tbere'l'I"'ared lObeagencral lackof
low rrequency sound

The Han when empty under normal
"pe,. tion is relativelyooisy.d ue lo aging
of me.hanicalSCf\'ices.etl: . Originally,
bockgroundllOllndle\els"""" de5igncd
to be arow>d NR20; tbey arc now
around "' RJO Also, .....hen the ai,
rond llionlllB io lumcd off, othe, nom
are heard (eg. mum from thc . 1rcct
OIltside). ll ighcrthan_oary lcvel,
oflhi s l>Kl;.l:roond sound reduce thc
sirpul-to-noi"'r8lio. thus dec.ea. ing the
elTeelive possible dynamic range of
l11usical pcrform8OCt'$. By cootra..t, quict
environmenlO beneficially inn uence
alfdience Iwhavior, Tlt=hold noi ...

levels io Ausn lillll auditoriums terld to
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be higl1<'rthao in Europe and the USA
Birmio gltam Symphony Hall wilh ilS
~ low back gro und noife level i.
excdlC1ll intltis~.

For lhe future. the. e f ,nd ings poin t 10a de:sire
10 improve the Hall " .cousIic$, and to the
necdfor someaestheticim~ and

incrcasedlJje ofeleclro-acowllic equipment

DafTC11 Gol ding Ihen describe d pasl and
o;llf"mJl useof such equipment in lbeConeen
Hall. Thcoriginal plan(...TIC1Ilhe audio
spe cificalionwaspreparedin l96S!) wa.sthal
the COl>I':en Hall would be an acou<tic
auditoriUlll witb only . PA JY"CIn. H~rr.

~alJjem.anypeTfonnioggroup.insisledon

having add iTionalouund amplifica tiOll. Ihry
o llm """nt d _bere because of the
coosiderabkextra coot en13ilcd. Eventua lly
in the late 199Os. tbe manage ment, all....
aro und 9 yeau of lob bying the Slate
gr>Yanll'lC1lt, obuincd the funds to install a
... itable fixed rymm. The Concert Hall is
Ill>lli a vcry dcs il1lhle VC1\ue for a wide variely
of perfonncn and pcrf~ and =eM
lIroup1 havenol:occdcdtopmvidcaddlTionaJ
5Oundamplificatioo.

The curren t syslem is compr eh<nsM . with
lbe aimlhllallperformancesJllouldsound
be tter It comprises 57 mdcpc ndm t
loudspeaker unit., each wil h Iheir own
appropri ate IilllCdc lay. With eM h unit also
incorponling its "",n amplifier , and U$ing
digilal technology, lbere are no diffic ulti« in
balancinlith e vari"" SOUlJlutl .

Tbcx .......ide botb lfeneral ..... nd
amp liflca rion and ..... nd boosting for "dull"
spol3 A rema ininllProblem i. tltatg rnup.
using ee fu.1 1arnpl irlCalion provided require
topropcrlyl:>abncelheir s\alfesound with
that lleatd inthehall. AnaddilionalfealUR:
o f1hesoWld ly.temisthalall, rathrr than
onty a limited number of ...-.alJ are OOW SO

cquil'J"C'llthat\ho$c with he;)ring aido IIave
completeclloice orlocanon and ca n IwlC in
arn1=civetbearnplifiedsound

Ir\SP"I ion of the auditoriu m from the stage
area C1lahied thoacprcsenl to lllug elhehln 's
acou<tic ., an d ICC tbe pe rspea sound
rcllectinlf panc lsaro.eThc:otage.BDdOlI>er
morc rccetl lly inolallcd aound rcn ccling
panels on Thc. ide IliB US

Musical Instr uments
At the Division 'J end-o f_)'('ar dinllCf on Nov
20 , tbe gues t opcaker was As.soc Prof Joe
Wolfe of mc Uor.enityofNew SoUlhW~
He M lIilIl wilh Ihe music al famil y of
wood wind instrumcTlts hy naming tho"" in
widollKatprellC1l1-l1ulC,oboc, Englis b
born, c lari DOCl, suophonc and basaoon
Whereas with stringed insuu mcnls, such ..
thOi!' of the vio lin fam ily, the player 'J arm
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Jll"';dcstheertC'll:Yl0produce~with

all wind inslrumc nts tl>c initial energy i$
providcdbythepl"Y"r·shreatb.

Apw1 from the llutc, and itsclosc relativc the
I1Ule- ' -bec or Il'COIdcr, which are C\cilcd by
air j el, the remaining woodw inds areC\citcd
by vibrating reeds , All have some
co mbination of instru ment bore and ail
colulIUl,bc ll mooth and l cy. as pano f lhcir
rcsona lingandimpc:danccm.otcbing .y .! e"""
with thcir . iroolumn<bch0viIJ8 u linear
Oicilla lon having high Q. thus IIk>wing
pn:ci.etunillll, Thcir air jets and reed<,
Iennc<\ !he inwumcnu· contro l osc illators,
Irc higblyoon-Iincar, andeahibitphaoe
loc king andharmonic b<-ft. vior, The ir
individual timbre. arise frI>m the various
hInnonics an4lrUlSienlliwbichareJ!Cl"'I"tOO
"''hcn thcy arepl&)cd

A """,I I musi c box, whicb can be hcard only
whmplaccdllll asuitablebasc........ uscdro
dctIIonuratctheneedforaomeinotrumart<
such as sTringl"d in$lnlll\C1llJ ro have an
impedance lI'lInsformer in order to radiate
5IIbstantiaI acoustic l"""""" illlOlbc air, [nthe
caseo{ lhe wood wind< the rcillll.ll!Or i<
a ll'Mdy air. <0 Iinle matching is ""l uited A
further demonstra tion sOOwcd that a reed
..hen bIOWD Can 001 only open. but when
b1owolOOhatdcallcloM tl>cairp;w.ageinio
lhebore. Thc graph showing Rale of Air
Fk>w imo an 'nstrwncnI u a function of
MOIIthpiece Air Pr-e<.-u1C confil1l'led thi..
wilh .muimUIII. irn""" beyond which. with
inclC..ing pressur e, the flow de creas ed
eve nlual1y ro zero,. rcgion of nelfativc
lC<istaoce.

A cla rillCl recd and flute mouthp icce (pan of
its bcad-join tj dell1Olrltrated that " tlm blown
tl>cycou ld indecd produaa music.al oot.e. but
need ed !be body of eac h in. trumen t 10
prod uce contro lled note< The nC\ t
dmIoostntionslJov,cdllowa "5Ir'ing" lUitable
for suc bpurposcs.couldvihrareinfl<ll oolyila
fundlmental modc (Wilh W1e mMiJnwn at iu
cC1llrc) bul in SO!YCnl higher harmon ic modes

HumannervelCSpOl'lKs impo&easpc:ed limit
such lhal sounds 00 Il<II bccome audible until
the frequcncyoftltcirpreSSlllCvariati oos
nocedsaround 20 to 30 Hz, which is of lbc
samcorderilSthenwnhc:r of vidcol'ramespc:r
.ocon d requi red lOavoi d l1idering

The flute, equi valent to a hollowcylindriCII I
pipe openat each cnd, wasdcmonslrall:d 10

be ahle. when ovcrbllMTl, 10 produce both
odd and e-"CIIhanoonic. up 10Ihe eightlt. By
co ntrasl . Ihe cla rinet , equ ivalent to a
cylindrica l pipe clo!ed al one (the recdj end.
could pmd uce ooly the odd harmo nics . A
funher demonslIa lion, usina a bybr id
ilU\nlment consi llin g of a clari nel
moutl!pie<:e... itahly coupled to a flute mi......
hcad joint, rcferrcd 10 ... a "n an net" , showed

the resub ing lone 10 rnemble that of a
cla rinctrnther than a flute

AI thi. po int Prof Wolfe inlmd uce<i the
concept ofACOUSIic lmpedaoce, cqUli to tl)c
acoustic pre'sure divided by the \'{Ilum(
ve locity (of lb.e mediu m in Iftc instnunenl
hore ). lnaddition,be sbowcd severalgraph.
of !he ...nal ion with Eacitingf""lucnc yof
lhe lnputlmpcdance ofa givmlcngth of
bo re. Wh ile the impedance maxim a
charac leri4d thebrh.n·ior of reed inslrU!llerlt
bores,!heminitnlCharxterized thatoflhe air
jel inSlnlmC1lIS

The clarioct and oboe in>trurncnt flUlli!ie< are
recdin..uumentI, lNTdi fferinlhlt clarinetJ
have a cylin drical bore whereas oboe • .
Eng h<h horns an,J b;lssoons land also tltc
....ophoneflUllily) lIaveconicalb««,1bc
1C..... lt being tbat lbc hannonic coo lCntof lh<ir
lone includcscvcn .swcU... udd harm" nics
Fordetaillonthi .. the.udicncewas hcrc
referred to thc: UNSW ""'bo ile lPbys icl ­
music al aco uslics)

lle cause an oboe reed iI small and re5lr'icts a
pla)'er ihl<'>Wing . oboisrslmlallyocedro
bJell!>cout ratbcrtban in allCl" playing a
music al phra.<oe. Th i. was<!em.1ft.watedwith
theplayilliofthefll'St li~TJlt'""UIC<ofBach 's

Sinfonia to Cantata 11(1_ 1S6 (al-. nOl fll>l
mU$ic) in one brc.oth

Prof Wolfe also dcmon strnll:d tbe wide rBIIge
of the busoon in ils oever.lltqi. leD. from
thc~(B-flatat58Hz.atlllhicbthe

vibralio"" can hcalmoSl beardj to ils bighe",
(usinJllbcopcningtrlCaSUIC<ofStravimky i
R;'e o/Spriwgl . He abo dcmonslr"ated lhal il
has bccome ~~ihle lOpl"Y """tlule n<lles

simulllU>eOu$ty. in thi. C\amp le two "'li es a
Ii.>vrth apart(Candf,thenCN and FN~

With the highcr pilchcd woodwinds thc kcys
&re wilhin finger <ran; with Ihe lower pitched
m.lrumcntsJUCh .. thehassoonsomceatra
mcchanicaldcYioocsarencedcdlOfacililBle
conVC1lienl fi ngeri ngs. With these
i... 1rulllen ls, also. thClC.re up to arotrnd 200
000 pos sible combimllion. o f open and
closedkcysfor achievinllthe diffcrentrooteS
ofthemWlicalocale'broughoutaroundthn:e
oc1avell. Musical tuning is highly cnl ical;
od % (approa imately cqwtl to 0DC-5iath of a
semi lonc) ill 001 nearly good enough . A
compulCr prngram dcvc lopc:tl by a s1Udenl in
Ihe UNSW group i. now au- liable fOI
dctenniningoplifllWllfiogcringolO obtai n
acc ura tely tun cd notes and .c hieve
comfotta ble (tat her than . wkward) fio gerings
mnmlllng~Cf,

The fmal dcmonsm.rion _ o{~

Lacey playin g a com posil ion _ The
~ighlingale : lhcmeandvvi.tions _bythc

11th century Du!clt ooml"'""'", Jacobi "'""
Eycl (1589_IM 7), on an AlISI1'Ilian Fred
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Morf:&Il~~

AfItr ......... ~haIbem~
:-.orm BroMT lhanh'd .lao: Wolfe and
~l.aceyr..._irIlnntinl tllt

and dcmonWIllion. • vole c.,.ri ed "' ilb
"1'1'11.....,

\\bl Aust ralia

DSTO \ 1111 l'be Ddmce Scin>ce and
Tec hnolotY Orpru..tlon(1)STO) ........ 1he
"MAS Stiot... Nny IlMe also inc:hooW
""'" ofeon"lt n-~ trainq
aimulalor fac, htlc'l and the~

IOrp<domailllmMf;C'~.. and~ra>e'
~,

J)1"b l. n SI. ' en'nrcnntt wa. hr ld at tho
Aqu.oriwn of W••tem Arntn lli'''''lhc 29t h
Augult. The conference room f•• tured •
~I vn of . rathcr stonn)' lndjan

Ocean, bu l dnpile thU diolrac lioo lhc
spcaI.cn _ablclOhoIdlhc~"

'Itenlion.T1Iefi"" 'h=papt'f'Io~e

particWarlyllppl'llprialt'foclhr_,bcinJ
011 VIl"iout IUpUU of ...-Jcc., ..... """"0.
oornmcncinIIl ", itb . p;l pcT on 1COlWic-.oi..,
ta uh dtfeclio n in l ubmarinel by David
O'Mara tVil io'lary SYllc:ml), Th il "' u
followed by two f'Ill>ell from poolgradua tc
student••t Cu rtin Uni"<'l'$ity's Centre for
Mll.fines.:~ andT""hoology:.srudy of

lD ""~l""'P"llltion drCC'tlin2.' DlCOUITic

modcll ingby AhmadZalo.ma.andll\~

ottbcUIICof~rc:dUllqueafoc bmthic

b~lal~ prne1IlecIbyJu>ty

Si~.

At\cr1bccofkehfeak~~lhrttpapcn

from the- Dcpw'tIncnI o f Mcdlanic ll . nd
~'iilcrial. Enlllllecrin g .. the Unive...ity of
Wcsu.m A.,lrali•. J ic Pan cont inued the
marine theme with . <bcription of u:.:h­

niques dcveIopcdIOC~thc tran...
llIillionof pt'l)Jleller for<;e Ouct... l1ioll5
~.tIlrwlbcarin&.andthcn lhcrocus

shiftedlOdrybnolwrtlt' pIIpCI"fmmJingnan
e-dcIcnbirIglll~",,*banicr

&lbbedthc"_lrappiogbwrier, lbc fi"'"
p.pertJc,mlunch .... fmmM,Roabun
I'lll,robilly ,.,bo dncribftl lhe baloc prinl;i­

pInOfar:tr\Tnoo..,a>IItroland somc =mt
applica1ions.

Thc Divi.wnal AG M wa. held tJc,fore lunch
n.:.. rollowcd a ~ription of . c....... Lalivt:
-"OiHlnOddoflhe K"""""" lnduAriaI Ala
by Jim Mcl.ouPliD (SVT).. papa' frono
"""AsoIoff(Df1')mr-hoc ...... and.
dNoled lookal1bcpropr;ooed<h1l bwlclm,
codeofA...m.l~(wetioII F')aDd!loeAAK.

aaIODtic_rab"llofbuildinpbyGcorrc
W. m and. Allan lIerrin, (HerTm,-51OteJ
Acouri",)

AcollSllcsAuslralia

J\'SW

Or! \\-'~ IMh Octohn 2002
apptOJ;irN1d)olO~allcndodaNS""

O'visionaIMocIin'OIItou11dinMa...........
!he IItU IIh nll)'llelll II CS R 4aipLlNK..
Pytmtlll t Bridge Road, tn l;1'I>O.

MIChaelRy... ofCl< R dcsiplUNK lilIrtal by
upiaillin, lhe .tp«t..... adaptaltOlllnm_

C1r',1IuJ'M$II\~oflbo:low

~~oI~, Mocftad

1hca~_ofCSl."_1)'IICIllt

..... producuoucb .. 1bc.1ICd liDcd
' S=nr) Walr, ..-hid! olfcn hiP ICOOIIDc
~(upIOR .. 6l),.,;th lriall"'dy
hlhn>-e"MCOIUlI\ICli""", 'Onema Watr
", ilh ll tinp vp IOR.. lland lhc_of
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ACOUSTIC FRID GE

The rmoaco ustic refrige rators, which employ "Ound waves to chill
or fr=n: ilems and have been limi ted to military and spac e usc,
may finally reach consumers following advances by American
resca~hers. Scientists at Penn sylvania State University, US, led
by Professor Steven Garrell and Mathew PO<"~e, revealed that
they had developed a loudspeaker that is 10 limc. beller at
con ven ing electric power into sound _ trulking thc rmooeouslie
fridges moreefficiem. · We havc achieved proof _of_eoncepl for
making a compaetchi ller thal has a volwne which is substantially
smaller than earlier thennoacousnc chillers," Garren said in a
smement. '"Thecoldesttemperaturcwe haveachievedwithtbis
lC'SIrigis-8C.. . ·\'..ellbelow thc ~71ng pomt of water,"

The idea of using 'SOUnd ....aves for rd rig eration was first
developed in tbel9SOsb YSl,:it:t>li5lllaltbe l.oll AlammNati<Mlll1
Laboratory, a defenc c~.an:h inSlilUlC in NC"A' Mcxjco, USA.
lmprovcment< in cfficienc y have since made lltermoacou stie
devices competiti ve "..ilh con vt:t>lional gaH: hemical a~rru in
certainindustrial aoo defeTI~ applical iollS, such u lhe <pacc

shunlc and US. nl val va<e ls.

Convent ional refrigcfllt on; chi ll item. by eOtnfIKssing and
eo;panding ehcmicalscalledn:frigerant s, ...ilichtransfe r heatfrom
insi de the fridg e to the outs ide , con ling the insidc. But
refri geronts are oowk nown to deplctel he Earth ' l o;rone u.ycr, and
rcplaCC1l1ent chemieals havc m: t:t>lly b«n di", oven,:dto be 3,OOO
times more effective at contribu ting to glubal wlll1ninll thatl
car bondioxidc

Thermo3COU!itic fridg.,. , howe ver. rely on lhe compression of
eormat air, usmg curemdy powcnul sou nd waves from an
c. pccia l1y tuned loudspea ker. But up until eow, efficiency has
been a problem. Thc cffie iency ofa typical musical loud spe-aker
isJe~s than l% " thati.,only l %ofthf:po....er goiagin is extruded
as so und. One reason is that speakers need ioprodece a very larxe
r~nl.le of frequenc ies at similar 1~"\Iel s: f'rom the low llOIes
produced by a bass or ruharo the high t>(l(esor a triang le or a
piccolo

(, arrell ~nd his team developed a loud"Jleal<crwhich produces
jus t one specia l frequency · thc one which creat e> the best
resonance with the con tainer in which it s its. This resonance
cnablcs arnplilication up to ",a ch 173 dB. The resea rcher> report
lhat the ir souped- up loudspeaker has demonstrated cfficienciesas
high as 89% at up to 5 kW of power - a ll without the use of
lubrican ts or sliding SC"als- which mcans it ha.. the potential for a
very long life with low maintenance

Fon unately, th<.'1'C's nu chance of peop le beinll aceidenlally
uposctl to the hypcr.in tens.eso und : it can onl y bc genera ted by
rhere!lOnanceconditionsmaintaincdby rhcpressuriscdgas insidc
rhe COlllaincr . Dt Ben Cazzula to of the Uni\"CTsity of Adelaide 's
School of ~lochanical Engineering _ who ", ith his students is
allempting lO deve1op a l!lermoacoustic re trigcrator , ....as very
excit ed abou t the de "clopme nt. "1 think it' s a rea lly cool
technology: he told ABC Science Online. "It wou ld nicc to sec it
mo\ 'C inlOthedornc.mcsphCl'C."

F""" ABC Sci..""e ()"/l,, .., 5 Dec ]001, An"" SiJlfeh
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ing .pproacllto a>:Ol\Slicsandvibr'li" ,,", ln
1989, Rm zoTonin formed RTATeclu>ology
Ply LuI III promoo: his softwan! prog ram
ENM - Elwironmentil ""isc Model and hi.
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B&K News
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...... 1d like to re.:eM fulureissue.. jU51 ocnd
)'QUlname,posit;oat'lttle , andyourCOlllf'lny's
name and address to aerospace@bkJv.com
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ny's long and dom inaTina: p=cncc in the
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;'lti e~s from G+II
A Joint Open ll ion Allianc e liu b«n
eS1abli. hed bet", ..,n hp lllllVAC an d the
Germanbased G+lI (;rou p for the ~ul'Plyof

lICOUSlic prod "" b to lhe P""''''' generation.
a~romoti.-e and a~iatiOll in<IIIslries-. Th is
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wiTh lec hnica lsuppor1 anoJengllleerin g
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Unit Conversion
A handy on line uniToovenion i. ...."ilahle
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Electmnlc Journ al
11leJou..... l"TecluIic.a! ACOl/.<!ic. ·puh!i$hes
accepTed papen in the Inlerne! . Electron ic
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publicali on and ""ilk di$l'riblnion. EllA i.
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wilhout cha'l\ e 10 reader. ~ia

hn p:/Iwebce-ntcr.rnI-ceaal ejl V. For more
informahOll ...u@""h"".l\I
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can save on repairs and calibration costs ..

Call BrOsl & Kj.,r's
Service ce ntre today on

02988988BB

HEAO Of'l'JC€, SERVlCE AND CAUBRI,11QN Ct;HTRE
Sute2, 6·10 Tola -POBoo3ol9 -_R}'do "NSW2 113
Telophone 02 9889968a ' 02 9889 8965
_1: bll~"' ,oom... • .........l)O.oV.""", .IU
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ARL
P~nm C.nl.

Programcards.reoow availablctoC'll!wlc c
the capabilities of tile Rion NL.22 I 32
inlegrali~g liOundlevel meters. The NX.
22RT ca rdenabicsthesc merers tc be used 10
measure octave. and thi rd ""la.c. in ",al
time . Data i" lored on the program card for
easy transfcrto a compu te, for) au:r analysis .

U e I'X ·22J card let. you add audio
recording caf"lCily to yuurNl-22 f32 meie r.
During noise mcas""""""lO, C'lent recording
( tri~d wllena plftellevc:l isuccaXd) or
jntenra] =ding (actMtN at ptn<1 time
inlC1"l...ls) is P""ible. The NX·22FT canI
add. anFfT analy_funcliontoyour
NL-22'32 ~.

All of these pr<.>gWll cards haw been
des;~by Rion lO~ thc U= opl l<lfl.nOl

u. W1lly aVllilable ;o . n inlegrau .........nd
Icvel mctcr.

Fu rthl'rinjr>nMli,m:ACOU<Ii<;Rr1Qn;b

Lmoratorie•. Tcl 02 94lWll8Oll,
www.acouolicre...:1....h.com.au

STELL
SO I.O : Ill~il. l l o lclraTlnl: ... und le\'cl a nd
vll>ratio n mclH"

The "' lUll of IS )'t"m ' e~pcrier>«. SOLO
rep"'''''''ts the newest gcnentiOll of 01dB­
Slelldillilal inl"lloting ... und levcl rnctc....
SOLO cump liellw ilh lhelaleMintcrnational
. tl l>dard (lEe 6 1672- 1) On $(lund k vd
lIW1n. . Ito ,..,noatility alkNo-s fOl' varioouc<
applH;atiom o", h ... vibralion m~asuremm~

nhi~le noi"", "".,1Id a lKl vibntion
monit orin g. I I I and 1/) 0CQ\1: real-time
froq""""y"",,I)"'u..<:t<:.lM24-bitanalogue­
digital COfl\'Cf'llion al~fOJrneasurement

on a oingle dynami~ J3ngc (1 11 dB) and the:
la'll e n1. mOl}'cap<lCityfor storage of all data
me",' urcd ;n J'IInllld. Also , thc:USB inlerf~

lur"" SOLO intu allac<jui. iti01lfron t-end for
,..,al-timo analysis nn a PC. U. ing a modem
or • GS M phone , SOLO may be remotely
monik,,,, d and interrogated to retri.v~ all
m~a.,u",d d. la. withou t disrupling thc
~utrftltrTlCll.un:tneI'll ..ss,on

In(onna tion , ACU-V IB Ekctronics 0296l1 0
Rl33 .www.l(: ....vib.~om.au

£ 111:100",1 01: f\;o;~ Con t rol (" ENC"'
MI .... . n

"lbissolho,ue evaluatcs pnctical ly all of dle
cs prnsiotlS and algoril/uns in the bool<,
"Engineeri ng Noi.. Con trol" 2nd Edn, by
DA Hies and CH Hansen. The sofho.-an: it

Acoustics AlIStralia

dividcd inlose"enmodulcs.Modulcl ooven
lbefitstfourchaplcnoflllebook. inclllding
speed of sound. addition and suhtndion of
Ievels. no~ crileri,"- hearing damo~ m1t

1.'1C.ModuIe 2C(J','Cn ..... IKI ~haplc-n 5 and6

ofthc:bool<, including sound p<J"'ef and
OU1door-.ndpnlJlllgllltOn ....lculatiolll for a
range of pr<>J»-glItion model s . nd $O\IIKI

~types.Module )~ ~hopteT 7in

Ihebook and included ca lculations fOl'mod.oI
densit y, moda l overl ap , abso rpti on
~oefficients from flow resi stan ce, pan el
abwrber dcsign and~atiC>ll time u.i llg

a n" mbero f fonn ulae and sollnd propag.ti on
in long and nal rooms , Module 4 ~OVOf$

"",k ulalion of sound tran.m i.s ion lol-S for
single and double wall. (inclu ding mult i-lu f
wal1s1 u. ing both Shorp and O:rvytheories,
enclosur e design . OIltd<'orand ifldoof s.ound
bam erdesign, and pipe laillJllj inoection
loss . Module 5 Cove," reacti ..... mume r&,
"2\-.. rubn,Helmholtl rc:sollllton.IQW~

fi lttr de:sign, li"" d due l (or di•• ipa.tivc
sileDcerl de! ign, plm um dwnber design ,
exhausIstaekdi=riviryand ductbreak-out,
break -in cal~ulation•. Mud ule 6 CO'o'ClS

vibrat ion iso lalioo (SDO F and 4--mOunl
sy$tem.).~ibralion~ andthc: effcet

of fle.i ble support otruellJft'1 on vibra lion
i"" lal ion pe rfor ma nce , Mod ule (, i.
concerned with thce,ltimatiOllo fthc souoo
.,......,r output of B l1UIge of wurce typ...
iocl uding fa1llland coolro l vBl... .. as detailed
in chaptcr Ll oft heb<. ,k

A dem o ,..,,,ion of the "" flware, user manual
and order f(lnn ca n he d"wn l<laded fr om
hrtp:/IWWW.cauMI. yotcm•.comI.

l.ARSOS nAVIS
S, IU" liN SI, M/R TA

The l.aBon O" vi. System 824 oombmes
wuOO Nl meter and real-time ana ly=
capab ilities in one .maU . ruggedpackagc:. lt
_=SIow,Fasr,lml'lll~, PeakandLeq

le~d. ror A, C and Flat wrightings
simultan""".ly. The Sy.tem 1124·.oprional
IlCce_ Jfie· s ivc theUll it the capahil.ity lO do
full and 1/3 octave me,,-,ureme n15 (SSA
op tion), env ironme nta l loggi ng (LOG
or hon). high speed rea l time frequen cy
ana ly..r for RT60""lculatj<ln. (RTA option)
and f,,'"ftll" ier trdnsform analyscl (FfT
optio n)

Da ta, N"..II:" Uon and An "ly s" SOfl..-are
l.anon Davis' DNA (Data . Navigation and
Analysi s) lIOfho.-an: makes analy. ing noise
andvibration data, ........U as PfC"C1\ting it ;n
a mo;!.ningful _ y," Jimple operalion. DNA
..ftwarcdisp~, analyoesandreporl.alt

projc~t mea .urement data fOl' yo u. It
rep lace s the ne-ed fo r """,ral different
IIOfI",,,,,,Bpplication-.lO ach""", whal you
really want. DSA ,,!..wkly produces high

qualiry eharu.reportsand presenlations
Real-t ime Display Mode : O:-.'A di", laY"."d
con trol. D1Cl.'lurcmml data in real-ti me,
wbile "", intaining aCeess to .11 o r the
in.l ru ment'. mea surement and analysi s
functi ons . D:-<A inrcrlaces with ihe l.anon
D:avis Mode ls 1112, 1114.1120 , 824, 8lOB.
2800,2900. & 3200 via RS-232 and RS-422_
[tp"",ides instrurnenlse1-Upanddirect

COtM:nioo anddisplay ofdlorafilcl.

Head Acoustics
l'iolw Book Mohile Noi. e An Bty.h Sy. tt m

The mobile noi.seanaly, i. oy'lem Noise Book
is a ",' er-friendly, ca<y-to-handle and ~o..­
effective 1<11>1 t nabling bj na~ra l recordi ng,
ana lys is. arehi\'in g and playba<;k of noi. e.
Th~ recor d/ playback unil is thc Heod..t
MHSll.providjngheadphoneaandbinaur31
HEAD microphone a11-in-ono:. Wilh the ai<J
of the So~BooI< softwlrre, analys IS and
archiv ing of rttOfdrd noi.... ilpossible wuh
any .tandard note book , A da tabase is

optional lya vailable tomaNSt thc:llOl$Cfil..
and assoc i;!.te them with .1IY rele von'
additio na l data . Noi ..Book prov ides
lCIChni~ians with an ....y-1l>-OJlCn1e 1001 for
mobile sound rec ord ing . Cu rre nl
mea,rurcmm u; can he ana lysed in th~ rlOkI
and compa~ with Mmples from the lOund
database

Art emiS · Analysis Software
"Al1cmiS", the Advan ced Kescarch
Technology for Me..uretne nl and
Investigarion " fSound and Vibrat ion, runs
under Windoows opera lin!!:'Y. tem. and ~an

ana lyse, f ,lter . dll,play and docume nt
acoUSl.i~ and ~;lrratiQt1 me..urm ,.,nl data in a
wide . ange ofrno<le5. YC'I an oum and ing
fe:alUl'cofthis lOliware ialhc p1l$libilityof
includin g the awaJ iCI11Cof lhe human ....r
;n signal analysi•. Artem iS inlrOdut:.. an
;nnovative openIting oonecpt , malting DOl

ooly the ll1Ialyl i. o r individ ual
mea... rernenl l . but al.., enUre mnsuremmt

senes. into a ltru ctured and tran'P arent
operat ion."Th<:u...... dccid • • wha! ilIdi.played
01l-'ICTem by confiiU ring which windoows,
tool s. data fi1~., di agram. , cle., are
displayed, 1ltc l11Cris able to dc finc bunllll
bars and h<>1k eys individually. thus nllllching
the 'Y. tem to hi. own ""l uireme nts. Using
thil eo nccpl , h"lh mu imum clariry aodan
exlmlivcly equippcd analysis platfornt art:
achi....·ahle.

Funher informa tion from Davidson , I-J

Lakewood Bou levard, Bmesi de. Victoria.
3 195, Tel B OO SF-NSOR (l300 736 767)
Fu. : 03 9580 MW info@;davidwn ,rom ,au
hnp:l""""".davidson-~om. au
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Focused on
Bett er Productivity

Polytee
laser Vibration

Measurement

• QVD.lO lh--: moduletorsogrwls UllIO 20 MHz

• COfltrulerrnodu'l>sfOl'arnplItuOesUllto +l-2Oni\.
rfsolubonsdow'lto<Ol~Hz.lndDCrrspol'I!ot

•C::;;:~OfV.3320fOl'~ VIbr..tiof1

NEW· YOO-6SO "Ad'vtlO-66Od'9't411~e<\

NEW · 3D-l.Vthrl'@dirT'ol'mion.Jl fT'I('~ ~ystem

~of PoIytec system~ arf' 111thefllold~CU!otomer

problems. CaNus tod.ty for more inlorrTl<l tion on yourspecmc
applic.rtions, Potftec ....l:lror'rll'ters- lor pertorlTl4lnce.acc .....acy
..nd~ial:ulity)'OUUlncoorrton

APl)li( lltlons lndude:

WARSASH Scientific ,",,,, IO~'J1"'" ' u. : -I61(01293 18 2192

· Paper and ~tHl ~11

bearif19S

· MlOO-sensoo il l1d
.K1uators

· rligh lrequl'ncy plel o
dWICI-"'i

• Enc;line components

· Aulomobile bod',o p.lnek.

• Rolating ~hdfts

• HousehoJda ppliilnrt>S
and poeer tccis

• lJgt1tweightand small,,'"

"""'~h~homb'ldgltll!'Sh'lglO~

~ha$"soll1l00nlorall,ourvtw ..tion~t

1~~~~~~CU'~1rstofnoo-<ont«1~DoppIer

Yibrometer systems. Cd lISfor
stra'9htlOfW¥d,,~ toyour

l-;;J.iiii~~ me<lSOR'fTIPIlt problemsII! VibraxoJf\·PSV-)O(laIJlomated.
SC¥lfli1'l9systems Nowwith APS
profewonal sun~try, higtl
resoIutiDn1M!ful. hefdVldeo,S E
s.gr,<ll EI'lNrKen~t WIth sped""
lf oJC.t il'l9. DC to l MHz oIfldup to4
d.lt.tacQlJlSitiondl<lnMls

• Model OFV-303 and 0fV-3S3 standard V1btornE>1ers
lor po;nt mN surements·~=optiC0fV-511 tests smad p.lrts In hard-to-reach

• Dual bl!dm fiberoptic OFV-512 ml'<l'>U res relative
vibration bto!wt'l'l1 two po;nt~

• Du..1beam fiber opt ic OFV-518 for two lodcperxk>nt
serlSOfCNn l1ffi

• l ow cost ClV com pact prod uctIOn Yibrorroeter~ for 00­

line qUoJlity control

• SPries4000~ystem fortelOlon.JlIrot.tlonatSlud>es

Advanced Instruments fOl Research & Industry e-mail: ..Ies.@w~.com.aulnlmld: ...-_ ............. .C<Im .....

130 - Vol. 30 Decembef (20021 No. 3



Z'ia>ut...

06 .IO Aprl~ Hool Ko_.
IEF.FI"~('''~ '''' A~..
Sr-<' ''' S..,..a~

Waa-Qj S<ll. """'~ Pol)1o:lwI..~,
H..... t:..a.~~.~

~:t~!~ MoI_....
AC<lU'tiaonlho M"""
bllp~I..-_'._

1J.-13 M.,. C.....
2ISlAJUI R .-l lilt! Rl.AA AC .,.r....­
T_ " . _ ~i"''''' IO ' -...bIo fulu«

hItp~""""".n. """' _',...n 1

i'~.:..:.~;......
DETI.C,lIl1iYm>l)'ofNapleo~1t ,P:l<

T=:hlO 80. 801 2S Napol ~ lLoIy, f .. +J9 81 239
03601,b"'' 1/wono.__- lOOJ.d

1' _I3J.... CMllz
ACQUSTlCS200)
ThinllI1ttrnl1tiof1aIC oUa....... Mod.lli ... and
hpori ......tal M--..!I . _ ie.
http://www.-..n.ac "Ir.........~31.......
tic>O.YiDdn.html.~ IC,uI<

~2)O~;~~~~=....,. ConIcrcnc.
EJtvir<>nmc'nwEnlliaema, S<>: oay(lEAUSlI
ww,o,cosq.<:om.au,dgaudi.@i ...... ,0'i.• u

ARL

1J_!~ Ju.., an,,1aDd
2003 Nat Conf N"ioe ConlN lEngi neeri0B
INCE Bu" """" Off ico. I""", S13t. UniYeTSity, 212
M' r>lOnll all, Am" ,I A SOOI1-2IS3,U SA, f..
+l SIS294 )52~. ,b<>(4il/lco.o'll

19 Jn e _3 J oly, Rott . ... o...
raJlGl,EN~,, - Nol publ;c ... . hh........
~."'Ioal...

i~~J~~, 51_hi.

Fu;:"'686619125. icsvll)g~,.. ,
...-.t<lClJrt• .tomIi<fvIO

l " l ' Jul)" ~" UlllplO'

8d1.1mConf ll..."",""-'<es;OStnlClWaI
""...,
hnpJ"""".i. ... _ ao,ukl odlOO}/

;:-::.:.,r:;:3"ona
Fu. . 81 2 7624_.
--........ 200~_.co.lt. ",.....-w. ;....•
......2003""'"

1-<4"-p'........ . c.-..
ElJI'OSP"O<h;>(l(l)
SYN I'ORG SA,A vmu ' KrioJ ', 1208 Gct>on,
Swit»e1'\and,F":"1 22139 MR~,

_1'p:I,..."WfWo..,.......~ I\2OO)

'_ IO!irpl_........
Worldc.o.p- .. Ulu....lC.
h!tp:l,..".........r...-, frilml.'OO3

Sales & Hire

U -Z!S.pl. lIIb..,S.eU
2nd Int SY"'I'"" f . o Noi..
CETIAT.BP 204l.6%OJViU.urbu!n .
F.. n«.Fax : .. B 47l4<l 49?9.hnp:II r"" .
"oi.. 200J.o'¥

5· 1 00Iobor, lIonolulu.,
200J IEEElnt Ultro, ,,,,ic:. Symposium
W.D,Q'Drien. " .. Il ._OIl'lic:. R_ h
Lobomooy.lJni......il)'or lllnlO'.. U-.1L
61801_2?91. F..: +1 117W010!.
hnpJIwwwic«.. tfCOl'\l

20"'
Oo6 - 00 ApnL, l(yole,
11th I............... eona:",.. .... Acou .1>,:O
(lCAlOO4 ).
1Ittp:lIica2O(1.l,or~p

tJ -07""..... E_..
1"lntConfofM... it~_C....i1""
SdIoolofMuoic:.Nonh--..oUniYtniI)'.
h an••m. 1L6020 1. lIS A.
1mp:l1wwwic:mpc·OIi·ocmr 1oIml

~;,~~~b<r.Pn'"
l-NCE, Herridl l.lbonlOrin•...- ......ivaoiIy,
W... Woy<tl<. N, USA, Fu : +1 7(iS49040'711,
..........."""' -01'\1

Wwv. ' Li.hDIl
Meetinp CUend.ln.., . , . il.oblcan

.........il:oocommisaon.ofll'I"'lcmol.lr,html
It'Clwwwi- IM• .o1l:

RION
NoIM. V1b. a tloa- &. Weat iler Louen

"I", .. . ndVib_ MonltofltlllInSTrlJmMtallO<llor l..:lult~ l ..:l ltIe Envi,onmenl

A SO UN D TH INIUN G GR OU P Company

IIIW R-118'PJpe11llsl'--'

InU I5Tp1f llllll '-'PIJsII_ __.....
......­-------

JlN lIIInlIIl tl llllll-.rl

JIl-D1'Jp1 f_ lmI....

1I.-!1Tp1h_lnII....

..J1 JrJtl.. lntI.-

..IIlIlBlIl1z.1.....

..... 11IIII .... 1IIftI8....

.......,cn ,.. .....

.-lIWen.......,

I'=o~~~ b;,;;.,._~=~-l-

ARL Syd .... y (02) ?4I'I-l-&oJ " kL Md b ...... 1lC': 10:}J'.itI97-4111 Aouu;illo n A«>u_,kal s",rvk... ~nh (O!!) 9J55 56':19
" n tXolu kJc:Wlk. (~J llj j l .w\92 Bclt:ur 8",,00,, ':-. (1)1) jtl20 l .m!l

Acou slicsAusl ralia Vol,3ClDecember (2002) No. 3 131



I AUSTRALIAN ACOUSTICAL SOCIETY ENQUIRIES I
NATIONALMAm RS DIVISIONALMATTERS MS · a~..",l ill d DlYll lo. W-VlclorII Dl, llla .

' h'otdicillionol t hinQe ol address
EJ~ llrift lqlnl il'lg ........onhi_ l'OBo.rm PO80>417

• P2Vm!m oIannual subscription $flflng tllI Qld 4004 ColIinsSt. W6l.
ladl"$lI lnlll' llIl mHrI~l_ Set:R. btcCllOoolovan I'{ltdElBOORNE8001• Proceediog,0 1lIInuaiconlerences U1oufdbll dim ll d lo lhl

G...~,;Jl SeonWy i1~PlopriIIeSlI I. Dlvllion
Tet (07)3J613131 $ec :Elirabeth Undq....st

AAS-- ProIessioniICtnlrl ol AustrUil ...... ~~:~~~ com.iI" Td (03)99252144

P!!vate ~1 . t\lJ1InI,lnum 2111 0
Fa>:(03) 9925 S290

::r~~n~~:~oic..Ml W -NSWDlrll iOI
~,gl\afdongO

W · SAO"iJion projecb:com.au

-..._ usticu sn.lu ProlessiooalCemre01Auslfal,. CI-OIlpar1menlo l Mechfng
PnYateBagl, Un......sIty01Adelaide AAS-WAOlYlll ol

SOCIETY SUBSCRIPTIONRATES DARliNGHlJRST 201D SOUTHAUSTRALIA 5005 PQ8oxl 090
For200V2003F;N nC\lllYwc Sec:KenSti 'llldl Set: SirnorI Hil Wl:STPEFITH6872

f.IIow. ... ""'mtlOr .• . .••• •.SUlHO Tel(02j 9449 &499 Tel: (08j ll303$(69 Sec:Mr J I.\qlle"""
AssOC:~lolodS"'tenbof .. $82.50 Fa.IC(02)9402 5849 Fu: (08) 8303 4367 Tel {Il3j 9n2 7119
F\oli'ed ...... ............ . .. .$34.1D ilWIneIiOrtvllmet.COOl .u

:=::mi~t>eoo
Fill (CI8)92227157

5..- . . . . . . . . .. . . . . . . $211D ;;m~ocw'".... '"
I ACOUSTICS AUSTRALIA INFORMATION I

GENERAL BUSINESS PRINTING. ARTWORK ADVERTISING RATES
Adn rtl. in,S.bscripllOll, Ston williams B&W Non-momb~rs SusMem
Mrs leighWi ~bink 16 CfOl'9la ~ar.l l!l Page $638.00 $572.00

POBox579. CRoHUllA2230 CRONll.1.A 22lO In "" 412.50 374.00
Tel (02)95284362 TeI(02) 952J~ Fax (02) 9523 9637 113Page 319.00 286.00
Fax (02) 9523 9631 email: prinlCcronuliaprinl.comau

1/4 Page 269.50 242.00
wallbankOzipworld.com.au

ARTICLES & REPORTS SUBSCRIPTION RATES
Spot COlour: $115.SOp!lrcolour
Preparedinsert$346S00___ ..,-.l1I

NEWS. BOOK REVIEWS ". On rsen Column rate S20.90perem(113p5.5uII MdVl)

NEW PROD UCTS
1year A$60.50 " 70 Allratesinclude GST

TheEd~or
2yw ,1,$104.50 A$125

' Cond~ionsmaya p ply
3 Ye,jr A$148.50 "'00AcouslicsAusllllrlil Au$1ral;anrates ineludeGST. Di-med nt ts 101 3 conseewve id$ in~1lCll

Ac(lUSllcs&YibrallM Unl1, ADFA
CANBERRAACT 2600 (lver.;eass ubscriptiDns110byainnail S,.til ll1tnlYJi l••1t1Gr4-tolour pri-rin,

TeJ(02) 62688241 DlllCOHnled luI l ewlublc rlpllonl AII .nquirl' l lo: Mrs leighWallbank
Fax(02) 62688276 20%Di:scoumforextra oopies Te!{02) 95284362Fill{02) 9523 9637

ema.il:lOOllsl-auSICadla.edu.au AgtnIsratesare d;SCOIlIII!d wallbank@zipwoMd.com.au

I ACOUSTICS AUSTRALIA ADVERTISER..lliDEX• VOL 3D No 3 I
AcousIicResearchLaboralories . . .. 13\ ETMC. . .. Inslde bac:tc cover OueenslarlllGOYtrllmefJl. . . ... . . • .113

ACU-YIBElectronics . . . . . . . . . .. . .120 Killgdom .. • . . . . . Insidefrontcover
Rintoul . . .. . " .108

Alliance Construc1ions . . . . . . . . . • .121 Matrlx .... ... 114
RTATechnology . . 122

ASKConsultillg ••... . • ••• •• .•• .102 Niua Recruitmenl$eIVices .• . .114

Bruel &Kjaer .. . . . 128. bickcover NoiseCont rolAUslral~ . . • . • .. 108
Tootineltlunlop • .. .. . . . . . . . . ...92

Davidson . .• • • . • . . • • • ••. •.122 ""' . .... . . 114 Warsash . . ... .130

132 - Yol. 30 December (2002) No. 3



NORSONIC

Real time frequency
analysis as well as
statistical analysis,
you have it all in hand.

G.R.A.S.
Sound and Vibration

• Condenser micropho nes

• Outdoor microphone systems

• Intensity probes and calibrators

• Probe and Array Microphones

• New series of Hydrophones

and associated preamplifiers

ETMC Technologies
619DarlingStreet ROZELLENSW 2039

Tel: (02) 9555 1225 Fax: (02)98104022 Web: www.etmc.com.au
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B,(>@I&KjlPrinnovation an d U p<!rti"".
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