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I ha ve j o't rctomed linm lhe 8n n oa l c(l n f~", ,,,,e

in Au"dt"" ,We' tcrn Austr.l i• • ndh, ,·e ~i,c4

fecl,ng•. My li"'l l h(l,,~ hl ;'lh.l lhc aCllu;t ics

iOOu.<lry mosdy comprise. enlh u.iaSli~ anll
!"'"''''na'eeng ineers l scie ntislswhnscnuinely
cnjny what they do and ad ;evc. 1l now Ihe",
i, athnvinweom munilyoUllhen;, However.
"" ll>c",flection, it is c k .. lheN i. a ~encral

dcmi-e in lhe . ..ailabilily nfgood ed ucalion
in acou"'i~ (. llMullh '<Hnc "a le, may bo: a n

.."el'l looI So " h)' lhc dich" l<>m y'!

The "un" c... u .....• "'Iot.lie' l thai lhe b d of
aoou>lin.>lIldmtli-TC.....ll' in cours<,:$ eV<: '" ually
toc' ''ll cll.'><'tl ll "", n a , if """p lewh<>w,n in
acou>lIOCJl~'Y l""" l""CC1 ..., m ""h, ...·hy is
Ih,.• fed ," . or """",,,ge not gelling lhroogh
LOSludcnt, or polen li. lstuoknts'! l gll"nIDc
simpk: Usw cl i. lha l nobody tell. them, Rut
.. hoocjub .....role is il 10 td l them? ThcSo, :iely
d..finil..lyh a• • rolc lo play, hul l :un nol S" '"
it is thc pivflt1l1m.... 1bcli..,,, lhDlul lim.lc ly
il i•• coml>inalion o f tlloMtotgllni!&liam ", hn
nc<'d lhc ski ll, " f ao;Olhli<:ian. (G,wcrnrm:nl
in in many 1l" ' i<.'Sand a.:ouSlical consu lting
fin"") . ..d lbc ,,";....~i tiC$w " hup,,,.....mahly
IlC"dIQfillplxc'lhal ha,·" the mo", immedialc
necd " 'ho>l>uuld bc thosc mainly I1."SJI"f"l"ihlc
f{lf ""'~IOI~ ..:hool 'i\cd e hildren or

ondergradua te. tn con,idcr llroU!'lic, a, .
, i.ablc car""'. Tlwelllh".~')( ICC'l1lM'O

ahout ae" ..l ie' is Ihcrcr" ", !'<'ramOu1\1 if
eoursc. arc to succccd

So whal can be d<>nc ahout the curre nt
, iloal;on? Ther. ba. been som.. ,ussestion
thaI Ihe adop,i,," or Iht UK In, lilule nf
Acou'llic, pO"ll.lmduale I) iploma in Aeoo, lic.
Ilm>Ugh d l<lan~e learning may he a userul
way of enco. raging mo" pcoplc in Auslnllia
to o..dcnukc oo me siody in a course lhal is

~~~~~ ~~r~~n:II::~I<l:oine ~~.. rEn~7,:n ,~: n~a~
Ik allh Officer 'lyl~ role. I SOl t h~ reehng
Ih. t many Austr. li. n acou, tician. felt that
we arc qoitc cajMbl. of providing this son
ofdi'lan~. learnins diploma (lu1'5<: I..... and
[ am aware that muc h or lhe Course S(I\Icturc
Mlreallycx i, ..

If youha v.. arry intm:!otprovO.lm......t.mc~ i n

ICilI.'hinganY""'f"'Cl· of llrolbl ico tJl"l'lICularly
industr ial n<lise control} or have any other
sugg..slioo!; lo rnake in rclation lo ongn ing
cducal;'mfor futu"'''''w >lic..... '''e.tl1'''''U''''
ways of pm mol,ng ac"... , .,,. • •• c. recr, ll'len
pkase ..mail me al plntdcnl/il... ou'He •....,
au so I can ,-ollale the fndoo..-J;..

As pall o f my original pmmise to provide

amu. ing anecootes. he", ' , anolh.... eumple
wtly"e>houId.I"-.yo bc "' ady for anyth ing

An engineer (wilh a repUlalion for nO/
being lhe/llOlol~ful"ilhequipmenl)"3$

conduetingmca,uremcntsona"harf.Wilh
the Sound l.eve l Melcr and tripod out of tbc
ta-<C,atl il tool WlIsa.light gust of"'iod
acwssthcOf'Cn lidlOllIwlcthec.a>eolTa pil..
of timbeTinlo the har1x>urw ilh only I boo""" .
Fon unatcly the ea><:larnksl lhe righ, way up
and wa, happily hoblling arouod a few mct ,eo;

bclo.. ' the .. harf Thc'luicl. lhin kl/ll (1OlTY

panicking)en!.tinccr soon spoltl"d. h . l hnc'k.
. nd leaningoYe,the ".-harfcoukljo" st"l' lbc
Cll,cfrOOldrill "" a.. . y. l lehope<! t" lf,c
ca ' e bi" k 10 """,," oIeJ's"""!by ;l., -otlC

else who had ,,,oHed the dilcmm, climt>cd
dllwn lhe SlepS. On rcaching outt hal hllle bil
fun her IO'llCOr lhe case loward' lhc . Lcp>, hi,
mobile phone fell OUI of hi, lop !'XLet. bOl
unhoclie\,. hly l. ndcdintl>ccasc. E' Cf')'lh,ng
was rcs~u~-d fll.... of san waler. PJra~ (m ail
mcand lClJmtlhemur. loflhe>tory.althoullh
I wondered whether Ihc (nginccr boughl a
lotter)'l icket on thc way hnm..
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The fon",.,in g "'" S"-su iningMembc,,, o rl heA u",ralian A''UlISlicaI Soc iety. Foncontaet delail, arcavail,l>lerr mn
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missing out on
vou r share?



You'veenteredacoonya,d,uITOundedby
public buildings, wcll prOleeled fromncarby
roads, It'smomingand tbeslanlingsunliglll
f1IlC" throughlhespringlca,esOrltolhe
styl isho Uldoormm ilurc. lhewdlmainlaincd
ga,den and the h igh qlUllity paving. You and
yemr colleague have a few minules hefore
your mce1ing inside and you sit down 10

colleelyourlhoughl,andlOdrink thecoffee
Ib. t you boughl on the way in, A m. gpie
",he.'S.s hiscolur~lura song.

Youcan ' lhe lpnulicinglhallhis time. lhe
arch ilecls,landscapc architectsand gardeners
have really done well and the pleasanl
surroundins-, lift your spi rits nOliceahly, You
wonder whe1her the employ..." and mher
vi,ilnrs feel a similar hft as lhey pa'l through
tbi,spacc,o rstu phere to lllik or to rest

Ju,l lhen you h. ar a sc....,cb and wbirr a'
aeomprcss(>r eUlsin.llmuslheg<.'1tingootin
one oflhe build ings and the airoon dili(lOing
has staned. And there is Ihe comp= _ ,
unbam.d. near ground !l:vel on one s ide "r
lbe counya rd, radialing into a space 1....~...ly
boundedhyhrickwall,and p.ving . YU J .. nd
youroo lleasuebaveafew p<)ints tu.h e ,...

before the mee1ing, but you go insidc so lhal
you can talk eomfo""hly

How could the designers have put so
much inlo lhe visual environment yet

no lhoughl inlO the acoustic

There are ..vera l prohableanswer<. The
sketch pads, lhe CAD programs, Ihe fancy
sofrnAre that. tlowedl hccl icntlOdoaviltua l
tourlhroughlhe then·nonex istenl oounyard ..
none of the.. had ""u nd (yet), And the
aIt CQnd;lion.,,- appearedj usl in a lechnical
bricf, p<)ssihly with an instruction 10 do ilas
cheapl y as possible. Perhapsil was even an
aflenhoug hl. ifl he designer did n01ca1culale
Ihe va,ious lllenna lefrects, Finally,perhap.s
it didn't occur 10 anyone that a mistake
like llliseouid change me experience o f an
"n\'ironment from p<)siti\'e to negati,'e .

Il can be done. of course , I on<:ewrote
a story ' about the acoustic environment of
Venice. In a cily unblemished by cars. one
would exrec t ",me care 10 !le laken ahool lne
acou" icenvironmenl. !tis

Austra lia has legal conmaims and
guidelines ,ofcoufS<: , Funher ,llliljorprojec<s

IIavea couslical enginecr<.lllll it' s lIOt enough
to crcale umanenvimnrnenls lhalare merely
legal: we w. nt thcir comfolt and !leauly 10

surpass the minimum standards imp<)..d by
l. w. And acau, ties is imp<)nam in the ' mall
os well as lh" lorge projeets.Architects arc
inl"", sl"d in ae'l helicsoflh" "Y", flow can
we gel tbem equally interestedin aestheticsof
th~ ear" They already ask "w hat will il look

~~::~'I :~::":O get them to ask "what will il

He,.., is a sugge"i on. The Soc iety rnighl
produceas imple printandwebdocumcntlh'l
would ind udeacheckli,tofw bat.o arcbitect
Or planner should cons ider in anew indoor
or oUldoorcn \'ironmcm and wbcrc lOohtain
profess ional advice. The n we might advertise
its exislence, aiming al archilecl.' and relaled
profes, ionals, urging lhem 10 ask "What will
it sound likeT

Joe Wolfe

I. Wolfe,J ."Venice:anaco uSlicalparadisc".
Sydlley Mom ing Herald. June 16 (2()(1l)
hl lp' /fwww phY' l' nsw .<lu a lll- jwl

~
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ACOUSTIC SYSTEMS IN BIOLOGY:
FROM INSECTS TO ELEPHANTS'
Neville H. Fletcher
RrsearrhSrhoolofPh)'sica lSci encesand Engineer ing,
Au_tu lian National Untverstty, Canbe rra 0200. ,\ uslra lia

AIlSTRACTN ..rly .II " "im.[; u", ;o olld fOl oon""" ni,,.. ion. for ,.,. kinSPl" y, . nd fo, .; 'o,dmgp ""j' Ior>,Wh atp/Jy,i<a l principks go' omlho iJ <hoi«
offr<quc r>cy? Whotarclhci, moch. ni"",ofso ur>dprodnotion.nd diroc"" nal hearins? Whyaf<c icad""" lou<J' ]lowdobir,hprod" ,.., 'h"","'"u'ifn l,

ot,,, ,,,,,,,,..... -oo-be."'iful.,"""'l" Q". n'i.. ,;. e analy, ;<of lhe """ '" 'Oc"""' h' ni_m' inwtl' edrc ve.h(n"", ly) .U: ,I>c,,-,ion of ,hc fien,oryhoi" on
<.oeq;i """oo; ~. ...,~ .....""' ..,. fh<__....b."" .~No...-.doua"r 'rio.'k.. _ , , .......~ yloumoo. I;j". ,' "d" orY' '' ' 1Omy,

tIoo'"n.ubIt\(lul "-edby ·p",..,.... · ""'tbord.llldbyf""l: .. ondlho: '~."' ''''''' ' ''''' ofl'''' -tI....bol ''''''' f ' r ,od ,.......,....... Thi.kcturcwili
expl""" all the", m. o"",.nd perhap' ,o me more

ANIMAL COMM UNICATI O N
Sound signa ls are impo rtant for n~arl y all anima l, . They
lislen passively for wa rning sounds signalling the approach
of predators, they listen carefully for w unds given out by

Ihe irown prey, and they use sound act ively to com munica te
with other members of the same species, Some animals ,

such as bats and do lphins, also usc active sonar methods to

map their cnvironment and seck out prey. While the variety
of analomical deta ils and habitats can exp lain much o[ the
varialionbetweenthe so nicactiv itic:;ofdilferentspccics, thcTC
are ce rtain ge neral principles tha t apply to all anim als, whilc

tlJcan~-cstryofcvo l utiongivcscluesfor anatomical s imil arilies

between animals as diverse as cricke ts and humans, The

present paper will dea l exclusi vely w ith land-dwelli ng anima ls.
lcavingundcrwater co mmuni ca tion to olher,pcakcrs

Sincct l1cnumbcr ofbooksandpa pc'l"Spublishcdonbiologica l
aspects of anima l behav iour is immense, I can pt.'l"haps be
forgiven for concemrarmgon those to which Ihav econlributed
myselC which dea l wilh physical and acou, tic aSpc<.:h<lfthe
subj~'\.1 . On~ Of lh~Sl: (Fk1chcr 1985) give!;a brief sllT'lleyof the
,ubje\:l,while ~"Omprehensi ve trea"Jlenl~ havc bcengivenin two

othe rs (H etcher and Thwaitcs 1979a. Fletchcr l9'l2), Otcoursc

I have benefhcd greatly ITnmthe research ot otbers, particu larly
biologisl!<, bllt l have lefl it to my biological eolieagues to filter
this workinto my consciousn ess.

LeI us look first at conspccific commu nication and sec
what general rules ap ply. 11 is not unreas onable 10 ex pect
that Iherc may be a large difference in behaviour be tween
air-brea thing animals such as eleph ants, humans and birds,
and those animals such as insects that have to produce sound
by mechan ica l vibratio n of some part oftheir anatomy, so we

Iirstcxammethcsc air- breatbers
Sinc.,:onc aim ofconspeci fic co mmun ication istomaximisc

the distance over which the call can be heard ,and sinc e this
depend s on both the acoustic power that can be pmduced and
the frcqucncy of lhe ca ll signal. we might expect a rclation
between the call frequency alld the S;1-Cof the an imal . There
IS indeed such a relation and it isind jcated by the summ ary

10 Fig. I. Toanalysc the sca li ngrule thatmightbee~peeted

req uires co nsiderat ion of the sound -production mechan ism,

essentially air flow through a vibra ting valve, sound radiation,
propag ation loss (w hich increases as the square of frequenc y),
alld auditory sen silivily . Putti ng these all toge ther yie lds the
rule lha l dominant freq uency sho llld be inversel y propo rt ional
to the mass of the animal' s body to the power 0.4 (Flelc her
20( 4). 111is is The line show n in The figure. Clear ly there

are some outlier s inlhis gcneral cnrrclation, bu tthc rcsu lt
is surp risingly co nsisTenT when the range of animal size and
analnmyisconsidered. Asimilar'iCalingrule canhocd crived
fnr Ihc corn munication distance , which varies aoo lll as h<)lly

mass to Thepower 0.6

Figure 1 llistrihulionof dominant frequencies fnr.large
range ofa ir-hreathing animals, The line is the c.kulato:d
bcha,i our: frequency proportional to (li hody massj?" .
(Adaptc'd from Flctcher2004)

Insect son g bcha viour is, as might p.:rlwpsbccxpccted,
very muc h less consistent bec ause thc sound production
mech anism varies widel y between species, but il is clcar Ihat
very small illsects makc sound s ofvcry bigh freq ueney. Wc
rclum to this later.

i\'po-i<McJf"' mii><i ''''''<,;,j ;_ '''in.: '' .......i.... ""••" • •" i ,.... .. ly
Con fe",ncc . 200S. Editm Torran<o II-IcMino
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I NFOR I\I ATIO~ CONTE NT VOCALISAT iON IS IU RUS

(.,

Figure 2. AnatOl1l)" nrl he v",.1.~cm of (a,o .... mmal and
(b) , songhird

The voc alisation mec han ism in birlh d ilTcrs from that ill
mamm als unly in dcta il. The ~llCa l ~Il l ~ e. or sy rin l. is
du plicat ed in "'lUg birds ami the t....u ~lh C!l are at lhc u!'P"T
end. nrthchn",~h i, as sh""" n in Fig. 2(b), mtho;:r than in the
hasc o fthe trac hea jo!ll al>o:w c the jo nct inn of rbe broncbl as
ill mam mals, Uinh ..:an lhus divid e lhc ~I>cal effon helwcc n
lhc lwO ' yl inllea l val vcs , us ing ooc for h igh and tl>c: other for
10"" note.. , o r can eve n sing ....0 !IOt",S at ce ce. The ulvcs
tht.'lIl-'<CI~n; di ffer in structure from lhoe1al')'n~ in mammals,
and gcnct'l'llly invol ve infl ala h lc NlC S lhal o;:an be made 10 close
off the . irw.) Rnd l hu~ respond 10 prl: S"llrc ' I riaIMIIl' in an
,..eillaw ry man nCl'

1bc ufIPCT ",'CII uect i~ less fl"'llib lc in bird .. tha n in
mammals.since the t>ca.k is less adj ustabk than the lips and
thelOO gue is , ....ncrall y nafTO\ll, O\:"pi tc lhis. lhc_gofbirds
such as l'lIS'ens bears a clo se resembta nce 10 hullWl SOfl&,

...' ; t1t aJj osl:!.blc f<l\Tll;lnlSlt frcqucne~ .. etlabov e tnet o f tbe
fundancntal (F1o::lchcr I<:ISs.. 19<:12, F1C1ch.:r and Tamnpn lloky
199Q). This uplains ....hy pam >ts and cockato"" c":In imitlllC
hu man speech,siIK.-e lhey C;,ll'l rq>n>JlII.-ethe upper formants
lhal cncOOc the I. ...... ''''1s... h ile !he m iss ing first formanl he .......
about I U lz. S1mply rnaLcs !he !f'C"'Ch "ou nd Rl n ,flCia l" .

~ · Iun,

~ , .bronch.... / moo lh

~~..,,'"

Some hirds can tU11Clhe ir " ('CI I ~ystcm~ 10 prod uce neRn y
pun.:-tnnc so ngs . pllrlk ulllr ~sun, plcs bein g rhc Ring [lo ve,
which employs an inllaTahle sac in IIICV\>Clll 1mct , Lco::pinl: ib
beak c losed llnd re ly ing up" n dir"'~T l'ound radianon frum The
vibmt ing '>llc wa lls to prnd uee its 'c"" ' .. .und ( Fletc her CTal
2(04). Analysis shows Ihat the resonance 1re 'l \lcncy . a rie. by
only a sma ll amo unt for II mnllc ratc chulIllCin the 'w; in l1ation .
since the inc rea,,,,d complia llCI' " f th... <:ncl lls.....ta ir is largel y
oolallC<:dby lhcincrease in walleren

Th e Noethcm Card inal prodo c'C~ a sim ila r e ffec t, but with
• "'i dd y adju .tablc fM,juerocy range. by ~ i ng i ng ....ith ilS bea k
slighfl)' ope n and I'd y inlj: lIpilll a Ilc!mh" U7 reson nece in
an adju.. tahle voca l ca vi ly tu tune thc f"rmant~ , On c " fthc

Info rma tion ca n be encoded in ~ocllliJillti"n s in sc...c ra l ways.
bet the mo~l imporlanl are the sp..:ct" d strw;tun: and envelo pe,

and the time varia ti" n of lhc sig nal. insec ts generally have the
simples l signa ls.. wh;c h arc:es~ntilllly rcpc ating pu l,es a t a

singlt fmj......ocy, thc n:a ' ..n bc ing tha t thc:...: a rc simpl ym.dillll
ca lis by rnc malnof lheloJlCCics andnccd tnco n,ey not h illg

n1h.:r tha n thei r e l iSlCflC'e alld location . At thc o ther ~'fld o f

!be sc alc, huma ns use bodl timc cnro ch ng (,,"..'I~......"CS. ""ord'o..
syll ablcs)and fmj~C'Il\:<JlJing(vov.cls.ron.""nanl'l) to

constrne1 a~uagc ...ith high informa tion rontC1lI. Birds

arc:perhap'l anoma lous.. 'inl.'"theit snngs ar.:com plcs ill both
timc and fInjUl;'flC)'bul.bc.:au.ethC'yan:n."l"cttt"'c. thctocal
informa tion coeten t ~ lim llC'd

1bc case of ckphanb " particularly LnlCfnling . sincc the
domin;a nt frequmcy of abouI30 liz cou ld be dw. :tni-J lIS

-mfror!.orlic" •.....tit p"lpIgaln; O\ C'I'k""di'ltll~ pon icularly

when Ibm: iSl lCIflpcnlllm' in'cnion in tho:I trnoJphac. It
turns out. howeva . thai Olhcrclcphanh can.. '" ra;ogniw: .an
ind i, id.... unlil thcy l re ab le lOhe.u thc inf...rm..liol'lrontaincd

in fmjunocy romJlOl1robIh,n.C aOOut 100H~

H lC ,.\USATIOS IN .' I A I\I U4. I~"

,,.11mam ma b hu c ~cry 'Ilm,!.ar ' oca l''II.tion ll'IlXlwl i",...., lIS

sho ...n in Fig. 2{al , A,rlScompn:"l''fC'dinthe lull~lolprn"",rc

that don not '1ry Jfl'J tly 8Cruwo;~~ or the sUr ran ce .

since mu", k .~ il about the 'll.mt and both the t1ti. :i PC'SSo
o fOOl1ta inill8 muM:Jci, and ee r...:husofthc long ue VlIf) ' in
the same way ...-ith a llima l sin, 1bc voca l orpn ('(lnUIim a

pR.-S.......C-ron lro lledflap ..l>'C". lheO'lCillat i"nli"o.pcncyof
whicfl ,and hcocc th l l"fthe .ir fl.....,. i<.eon lro lled by m ....cul.u

tensi on. A I>o:~'e the ~al~c 15 a V(lCal lnct termi nated by I

flc:u hlcopcncd mou lh, and II is the ac...usuc n......lIlallCeSof tbc

coota illCdl i rrolomn thalnlll t>eadj""lcd t,,~.te"'II1f'Ila'\ised

forma nts in Ihc n d;aTcd sound . The fn-qucncy of till: I...... es..

forma nl blind is typica lly ......'en l t in~ thalof thc S'II,c

O1Cillation. and thc forma nt froqllCncin call beadj uS4-d o~n

'lui te a lall!cranl!e by S'l riat;ollin rno.Mlth gcnm..11')'

\."h ilc this ",>cali"" ti" n mec han i, m is "cl')' flexible, it
is 001 \Cf}'cfficicn t typ ici lly R'ac hinga muimom ofOOl

much morc than 1% II high "'MInd le~ c1 ~ , Typi<:al maximum

coo lin........, ...".md OUlpuT ;s o f o rder 10 .. "" per l iluWam of
bod y ma.ss. Th i ~ amou nts to l bo ut 10 mw (90 d U at I m) fur

a homan and pcrh ap'l I W for an ele phant . UinJs andin'Ccls.

a, wc'ha ll!o«la te r. d" moch l>.:lle r.
Bals a re pa rlicula rly inlcrcs tinG animals a~(lost icll ily

be<,'auscof lhcl r usc"fulllllsu nic sillnals(aro und tiO to llO
k ll ~ )tilr cchtl- Ioclltion . T heir voc ill anlltom y is similar to that

of Ol.her an ima l. e l cc ", thll thei r na saltract " tien co ntai ns
sc.' cnl cl~i tic. lhl Tappear to be matc hed >0 as to emphasise

thc rrcferred f~uerocy, 8atcallsosually oonsi!lltlfUJl""'~rd

~wecp i n1l5yll ahle-s ""hich are presu mahly n.'COOl.tructcd into
sh arp po l",.. by their 11...11101')'anal~ i'l s~tem_ Th il. l.....:hn ique
i. rcm; ni'lo.:cnl of II>.:Rch irp ing _dec hirpi ng" tec hnique often

u"Cdfor rad ar signal s and alkwo''1l hcemincdeall lo ha\·c high

aoou!>lic ~'tlCrvy w iThout requirin g hiGhpcak J'Ow~'T.

84 · Vol , 33 Decembe< (20(5) No. 3



most spectacular birdc alls is, however, thaI of lheAustra lian
sulpbur -cresrcd cockatoo, which produces an immensely loud
shriek that cunbe shown by analy, is tn he actually a chautic
osci llation ofits syriuge nl valve (Fletcher 20( 0)

Although they ilre not closely rcbh. 'd, animals such
as frogs use a resnllilnt vOl'alisat ion lechniqu c Ihal is very
similart o lhatemployed hydoves. lt ise asi lysC<'n that most
frugs innate a large thin-walled sac below their mouth when
producing soun d. The sac rernains intlated duemg thccaH and
themouth i s closed, Sfl tl1at "'lund mdiat ion occu~ lhroughthe

3gencyof lhe vibralingsoc walls ml-dIIIe resonance freq uency
iS llOt \' ery ~si ti \'e to saein llat ion

SOUi'iIJ I'R o n LTCTI O:"lBY INSECTS
Wht.'I1 we tum to conside r sound production by insec5, the

situalion is v<'r)' different, ror lhey must rely upon resonant
structun.", vihrating in the air, 1ndee<l tl1i.s method but with
surrounding "aler r~lhcr than air, is al<;() used by crustaceans.
Tv.u signifkanuyditlcrcnt merhods a~ U.sN, as we 110'" discuss.

(. )

lb)

fi~urc ) . CllSnuoo pwd1ll1ion.)" tcrnl ,r ac icaJa
(b) GftJrndry or tile h"m e,ca~. lnI in tile ground by a
criek<1

In the fi~. "hid is cha r.'lCtv'T1st ic of cicallas. anatomy
provide-5alaq,~ body ca\iry.intltewa IL. ofwhichan: """ rat hc.

stiff dcforTIJabk: ribbed p"'~{Il'trIpana ) tkJlcan be made 10

~ i hralc by mu...:ular a<.1ivn, a. ~,wn in Fig. 3(a). As the dri~ ing

muse"-", contract, t~"'C pllllCS &:form~i,ely in as ~'J>

wi!<emanner 11-'1 cad i rib nif">frum one 'iolahleposiliUllIOallOlbef,
thusprm· iding ana collslic di'i'lacemc:nl cum.'1lt \\ ilh afm.luency
equa l to lhe 131<: of iod,v'idual rib collapse. Siree then: may
bc wn nbsc mis rnechemsm tnultiplk" thec\Citation frequency
pro\' i,k:d hy nlu~Ie O$Ci rr alinn by a faet<>r t<:ll i n th i sa,<. The
body cavity ~olumc ha" been lunoo by cV(llllli"n so that the
resonance ftaluC'Ilcytl f tbclwotympana, biICk~-dhyth~cavily.is

eqlml lO thc ri b collapsc fn.'<{ueJlcy, so t hallb~'Il;: isalargen.'SI"':1I11

amplificalion of the cxcnation. Becauset herw'oly mpana move in
pha5C,and tbci r vib~tionsarcclosc ly eolipledby lhcl\.'SOnance,

lbey a<:1 in combination as a m onopolesource and give highly
cfficicnl s"u nd mdiation(Flct cherandHiIl1978).

Thc mdiated sound from a cicada Ilu~s consi sts of a string of
oonsecutiv-eidcnti cal ' 'lIyHablcs'' ,eachonccorn:sJXllldingtoasingic

buckling motionof the rymbals and ctmtaining \\'ith in ita train of
oscilla tionsat the cavity resonance fi-cq1JC1lC)". The inf"noatioll
wn1entcanbcvaried by ch:lngingthenum~rof syllable'<ina

"wortl" or, n" m: u"ually. by~arying thc syllablerepetili()llT'Jle

lnsects us a rule devole Illul'h more "f lheir av-ailable
muscular power 10 sound product ion than do mamm als, Thus
acoJllinuous ly singiog cicadaw cighing lcs.llullll grnay
produce as much M I mW of sound energy (HOdB al 1 m).

whic h iS ctlmparaOlc with that produced by a human oJl'<lrn
singer weighing some lOStimes as much!

The second ctas s ofinsects we should consider consists of
those such ac crfckets that prod uce sound hy t1rawing a tootbc d
lile of some sort acros s a p;.rt oflheiranall'm y, generally a
wing or wing eovcr, Ihuscau, ingil 10 villral<:. A s the conlaci
is hlled and n:lcaS<.'d by cach loo lh nf lhcli lc il II"neratl$
a dampt.'d \'ibraliun at the r~'St",ancc frequency o f the wing
panel. giv-ing a scrics of these vibrations for each k g stroke.
Th is is intrinsically a much I,rss l.'fficielll sound produd ion
mcchanism than that used by thc cicada. since ihe vibrating
sourecis a dipole.andgcnera llyscl'l'cs forshort-4islancc
oommunicat ionwilhin a fa irly largcpopulat ion

To o~en:<lmc th is inlll.'fI.'1l1dipole disadv'antagc, a few insects
such as the cricket !Ia' e &:~ek,!"x1 die inb'Cfliousstl1ltcgy of
digging a hom-like burrow wilh a cavity al the buried end,
ammging for this structure 10 be 1\.""" ~1111 at lheir song Ircqlk-'IlCY,
ar\d p"sition i ng thern~;el ve'i1I 11le junclinn b<.1weenlhcbomthroal

andlhc ca\ ity sothalL!lc.hpolar ll"w c""'ted bytheir ~ ilwal ing

wil1goo\'e~ drives thc wbole oscillali llnclkt.1i\ c1 y (l);,"'set al

1996), This arranger rcruisshown in I' ig, ) (b).

AunlTORY ANU VIIJRATION SI-:NSORS
lt i,anolablc lcat urc"faliditnrysyslclllslhallllo,lof lhem
rclyupu n scn-;ory cells wilhlhi n hairsp rolruding fronlune cnd
(FletcherI9711). llcl k'Cliun uf lhe h" irshyn"i<ldi'l' lacemen t
induc...... by the a';t>ll,ti c signal opens ion channels in mc ccrts
which, in tum, leads roa n electrical signal in the auached nerve
channel. In the case of some inserts such as caterpiUar,;, these
sensoryhairs arc used dil\.'Ctly l,, &:ttx l cll>liC<' rangc signal> trcm
the hcating wings nfpredalory "'a.sps. In the ca.sc of aqualie
crea tures, the hairs may be h llk.'d with small ma". i\c " lIl liths
so lbal when the bulk ofthe hndy of the fish is dbplece d hy an
aooustic ' il'llal,lhe incr1l3 of lheotolith deJ1eclslheSl.'I1 Sl1r)f
hair. Somefish, howe\'er, ba~e anair- lillcd~,w il1l bladdcr" thal

has the same elTcct.tbnu~di""crlOgin phaseby lllO" .

In land-dw elling anim:lls, ineluding humans, these sen sory
hair cells havl.'otlen been incorl'nr.lled into assemhlies wuh
WlI\C w rt o f fl\.'<luency di, pcrsi"n mechanism. generally
through w3\'cspmpagat ing " n a laJl'<lR:<! IrH:mbrane, in the
organ known as tbe cochl...a, as will hediscu,....,.]later.

Sensin g of vibratio n is also impurtllnt for mo~t animals
- even humans can detec t quite small vibnmonsthrough their
lingertips and larger low-freq uency vibrations lhroug h the
legs, For some in....cls, howev-cr,lhc ".'n, ing"fv ihr" tion i.
more important Ihan the sensing of air-borne sound. Two
obvious examples are the spider in irs web, and the related
water-sk im llle r l h a l dct ~'C ls sllrfitCc ri pples gencmtcUby insect
preycau ghl hy slirfilce ten , ion. S"l1lei nsccts hilve speciil liscd
detv-.:tors jusl below lheir knee·joinh (and there li" c called
"s ub-genuat organs" ) to dclecl thesc v-ihrali"ns.
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P'?ES-~ ~ 'pi,~ I" - ~- P,
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septum

P, · ------ tymp.ulll __ p p.

Figurc S. SChnnat i< drlI.. in' ofthe ....l<lRt)<Iflheo;rid. CI
aud;torysys¥:11t.Thc I"1"1oI<¥Y"OOUldhe~ .. ithtlul
"flhc: h_ <Wd il<lf} '~\IC1n

Som e insects , however . have much Inure c" mp1cx aud itory
systems. An example is the cric ket, whi ch ~us aud itury l)1n pana
located one on eac h forele g nca r I~e knwjuinl, Eac h tYlllpmlllm
is backed by a sma tl cav ilywhich is co nnected by a rather long
tlaringlubcto ancs itp< >r1(spir...:lc) ontoclhonlxlhalscrves
to allo w tlle ingres s of a ir to mainta in lhc lifc n f lhe inscct . The
tw o rubes leading from tympana ttl sp im :lcs an: con nec ted by a
th in membrane: or scplum within the thorax , as show n in Fig . S
(Fletcher and Thwanes1979h, Fkt clM:r 19?2 chap, II ).

HEA RIl\G IN RErTllES A'D 8lRDS
"Thcaudi lOfy foell5iti\·ity of birds is co mpara ble with tIw of
humans and geoeral1y nto..'11ds over a similar frcqllcncy range ,
lhoughbia.sed lOnrdshii:heTfrcqllCllCi<.~i.one"'oold ell.po;."Cl

from the p\(l( in Fig . I. The same is lnlC of sma ll mamm.als
sudt as mice .

SurprisingJy. the i ud iloly S)SI~-m of 11M: fro g l", hic h ei lS
c>cadasi f it ca n')i$ \ Cf}'simi lar• ..,i th t\Ooo s impleeaf1; opc11ing
imo tjc mourh ca vity , Thepn:scnccoft\O.o 'l nill\l:1IlS forthe
nosrri ls sh ifts lltc auditorysensitiv ily pa nCl'llsomc .. hat a..ay
fromthc d irect tranS"ersc d irection . Since tlte mouth cavi l}' is
also empto yed 10 prodlll.'e voca lisoulons , lherc mu 'll clearl y be
al1>eChanismr"r d..'<:<lUplingthcncur,il tran!oducef'So ft hcean;

• d urinl1 soogproduetion

f:- , ~.- F~is '. ' / l- ,00Li=rn
111I ; 0 10 ~.., 1OO '000 )(100 IIIDO

(bl (1)1 h "'l""",,) in helU

O
~· ~:,· ~'"",""

' ~: '~1 ' (.)
(el 1(a }

DlRECTIONA I. III~AR I NG IN I:"JSECTS

II is usuall y irnpmta nl for a ll an imal 10 be able 10 detect the

di reclion from which an auditory signal crises . and for this

reason nearly all animab have IWO symm,,;trically paitl,.'l,\auc.lilory

organs. In ibe ca5Co frt\ilnunals. ilS foe example humans. the
two.,.... f1;an; Vl:rylM."arly ""l"' ralc troman acoustic p"intor~ i~.,.·

alld comparisun oflbe sij!nals receivedby each is i taoJ< for the
neural systrnL Ea.:hcar .......-s. oo..CVCf,....ve a C\."t1ain amounl

ofdira.1ional~ilivity lnft"PlilCli. binls,andinscctsthcre is

adually idiJCl,.1111l'tJU"ic c<lUplinllb..1"'u''fI thcl'''Ocars.

As with the sound prodlll.1iOfl me<;: .... nivn. lhe simpl<"ll

aud ilOfy SYSI~'111S re ly uport a diapbrallffi back~'t1 by i ca vity

and C<H'1~kd mc'Chin ica l1y 10 some son o f eeuraltraasducer,

Such a sy'lt~'tll can be tu",-'lI 10 produce a f\.'WOiUICC, and

thus max imum audi tory sensili~ity. al the C<H'1spcci fic ea ll

frcq ucncy of thc amma l tonC<'lTlI.'t1.

Two such Iympana opcn inl1 inlo the sa me vo lume arc ab le

lo ~atea S)'$lem ",ith high directional sc ll5i1i\'ity, T his is

<kspite thcfaet ihai lltc ",ho kpro<.-asrdi<"luport ihephas<:

differcncc bn"'CC'f1the S(loUnd si~lsatlltelwocars.'. ..hich is

1}1'1Cll1ly ool y ahout JO· (fk1cIter1 992,chJ.p 9)."Thc audllOl}'

ana tomyofa female cicada • ..ho"''Q in Fig , 4(a l, thus kooks
lil.e a smal ler u nion of lite mik sou nd prooJuction sySl<lltt

sho Y," in Fig , 3(a). thc: mak. hc:ing thc .....ndprooJlII.-.:rs and

the femiks lhc 1isl~ l1lc: audil oryrcsporlSC ofMtC h a

sys tml f"ri""ila lt'TI1(l Ja nd C<lIltnlla to..T.lI(C)stlund inc idcocc

is sh O'A'n in F;~. -l{b) for . part ie:ular sri "f pa nlmct eTVlItues

Whik ltw:re i~llO prOllOUllCl:d lCs"nanccforthc ips.ilateralear,

there i.~ a marked dcc n:a.o;cin f\."'P'>n -e fur the co"mda tcral

ear a t the tuned frcqumcy. The di m:tional rcspo;msc al this

frcq uc llC)' has a card io id form ",ilh a d ifl;'l,1iv ily of more IlIan

ID dR.as sho wn in Fig 4(c l

FijJ:ure 4. (a) S kel~ h or lhe aud ilnry an~t"my of a femate
cicada. Cb) Calcu l,",d frequency =i"Ill-SC Oflhe ipsilnleml
(I) and oontOilla'enil( C) ears fo, a pan icular sel Of pil.amelcr
~a lllCs, (el Polar pill! ol'th cdiree tional respon-sc forlbe Iwo
canrur ..vCl'lllf""l""n"';n .sl'lownasap;il'llmo:1er,

Figure 6. {alS kclcho fl hellco n,,·'ryof'hc ••a,htOly .)"'~m "f

a bird o. lilard.'The lwo lyn'jlllna.n: co" ...." k:db y .'lmplc
tube. (b) Res""" ", of the i!"" lalcml (I) lind c,.' ItULllcr. 1
(C) c.rs a• • funct;on offrcqucoc) fllf a p"f1iculor ....tof
parameter vatues, (c) Polar plol .. fdirectional rcspoose al
\laf;ou, rre<j"""cies f<lflhissamc selo fpar;tmt1(Tv al"..
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Liards and birds als" posse ss aud itory sys tems ....ith
acoustic cou pling betwee n the two ears. lnstead of a simple
cavi l)', ho....ever, they gene rally hav e a nearly straig bt canal 10
perfOlTIllhecOIlIlecl inn ,ilS sbow ni n bg. 6(a) With a f)'pical
ca nal lenglhof say 20mm, and apl'Tllpriale values of the olher
parameters. such a system can give a cardioid response pattern
for each ear hh best scpara linn al a fn."quency u f arnu nd 11K)"
Ht., and a din. 1iunal ity of u much as 30 dR a. shown in Fig.
6(b) and (C) (Fleleh('l" 1992, cha p. I I)

II [ARI~G IN MAMMA I.S
Referring bac k 10 i",,",cl hcarins , onc nf lhe inlen.-slinsfcalu!t'S
of Fig, 5 is the topologica l sim ilarity between this insect
audito ry system and Ihal of mammal s such as bumans. To sec
Illi~, comparc the drawing with lhat of a huma n audilOl)' syslem
if'we wen: to drag our ears , and the Eustachea n lu!les con nCCling
tbem 10 the nasa l passages. down 10 our c1hows! w hateverthe
c'io lulionarysigmficanL'Cof thisohsel"\'at iun. lhe two sys lems

a", acoUslically very different. since the human Euslachc''''
tubes arc so "arrow Ihal very lillie aeOl"lic ene'l:Y can flow
along them.whilci n the cricket system the lleo.l't ic co nneclivity
co nrribules signi tica nlly to theovern ll 1lehav iour,

The aud ilory syste ms or mam mals generally POSSL'SS an
"otnc r car" consis ting of an obliquely trunca ted hum . the
" pinna", lcadm g to the tympan um rhrough an "udilu!}' cana l.
hen a sim plc conical horn has di rectional propert ies, wuh
the d.rec uon ofm aximum s ignal rcsponsc cortcspondlng ro
the syuuuctry allis. At vel)' low fr""lu~ ne i~s lht: rt'sponse is
l." t nutlbl y J ire<;liomll , bUl b\.-co,n ~s i nc r~asingly so al highcr
frcqucn~ ies where lhe sound wave lenglh is co rnparable wuh
the diameter ofthe upcn end u r lhe hum

MOSll'i nnuc, bowcver, do llol huve this simp 1c shape, 'rue
moslobviousvarial ionis thut lhe homisobliqucly lrunca led
so that the Of".'nend faces mort' near ly along the line nf sight.
and maximum st nsitivit y is ach ievt:d clo, e IOlhi,dirt:clion
(t"lelcher and Thwa ilcs 19HH). Many ani mals, such as
kangaroos but not human s, arc able to rotate their p i n na~ 10

muimi~highlrcquency soun.dand thus lncale thcdin.'Ct inn

of the source, even usin g j ust one ea r. In human s lb.:: shapc
of lhe pinn"e is ralherconvo lured and thisleM s to additional
re"[>',rn.epcak,alpart icolur lrdnsverse reso nancefl"C'luenci es
tha t may a,,"i, l indi n..oclionallocalion

Iitc al.l.'C of the muc h larger SilC of mamma l heads in
relatin"to the si gnificamfn..'\l uencie-& bcingdctccled,th~ rt: are

clcar vshedowm gveffccts ofrhe head. leading to redUClinn of
the signal al the con tra lateral car . This effect , toge ther with
pinna direc tiona lity and signa l phase diff erences provides
sufficie nt information for lht: mamma l to detect the genera l
direclion of a sou nd signal. TimingdifTerenL'C'Sare pTObablyllf
equal imponaecc if the signal has sharp amp litude vana uons .
aswilh asequencctlfclid ,s

Si,.." the cncoJ ing of information in lhl: com plcx vocal
signalsU!>edby mamma ls de pend:>grcally u[>'lll\urialioo inthc
frequenciel;orv ocal furmants. their hcaring systems ba\'e evoh ed
to be able 10 disc rimimte freqUCIll.'"}'.-ariationsto high pl«'ision.
The major freqOCR,:y-dispcrsive c1em..T11is lILtha",1 mo,.TIl!Jnne in
the f1uid-lilled cochlea, Deflection of this membra ne is achieved
by injecting the signal 10 a membeare-covcrcd port (the -o vat

windnw') situaled on nnc side of the ....,mbrdne and providing a
pres....m::-relicfp ..n (the -m uoo"" ,ind<'w..) on tl1eother ~i<k: . The

basilar mcmbr.me is tapered, as also are the lIuid lilkd chanOl:ls
on each srde of it. and lltis gmdalion tUl10Cll thc local rncmbraroe
resonance 10 PfflI!.re5si\'c ty kmcr tTcquencies a.sdistancc from
Ihc,, \ alwindow incrca..'oft. Tbe resahe a wave tbat propagares
with small amplilude Ihruugh the high fil:qUI:ncy resoeaeces
"""r lheinI"1It.~....,h<.-s 3 rnallimum displ .....'C'tT'ot:111inlht l\S1Oant
"""'1i"f1,andis l""'nCll [>'lOCntiallya llenualedO V<.'1"llicrcmaindt-r
ofthc membrane length , Hair ce lls dtuaicd Ok1Ogthe membrane
dL'lL'CIthclnca l. -...:illalionsandlherchy oommllnicaleaspcctl'll lly
reso lved signal tOlhea udiloryJlCf\le

Th is mechamsm , proposed some fifty years ago by Georg
von lkkesy, nplainsthe general behaviour nf' the ear but
provides a frequency discrimination that is much less than is
fUlInd in ellJlCrimcnl. Il is lr.nuwn, ho...eve r, lhat ina ddit ion to
lhe single row lJf " innt:r hair cells" lhat provide toc signa l w
lh~ auditory nerve, there art' three paralle l rows of outer hai r
ce lls, and it has hee n pm p.JSCtltha t lhese constitu te in some
way a "seeu nd filler" to sharpen uie tuning pTO,' id~'tl by lhc
basilar membr aneitself O ne such mechanism, proposed by
Bel l and Flcleher (2004 ), invl1lvcs gener" tion of" partic ular
fon u ofl raru;veThdy pmpa~l ing waves on the membrane Iha l
arc ab le to prod uce standing -wav e resonanc es between the
outer hair cell rowa. with sharplytuned leakage propagation
lothc inncrhair celk Sinee thcc tl"" live mass of lhe inner
hai r ce lls is much lL'SS than that of the basilar mo::mbrane
and assoc iated liquid.uhe quality factor Q-V"IOL'S of the two
mcchan i sm ' are e ffccli velymuhirl i~"j t"gcther toproduee thc

obscr\ cd very sha rp tuni ng

CO~CLUSIO~

This has been a short and selective lrealmen t of a very
wide subject that has interes ted tecearchers for more than a
ct:ntury. ~ypurpvse hasbet:n l l) showthal.by apl'lyi n g the

straightforwa rd principles OraCOO_l'n : loadmillL'<1 ly idealised
versiens ot'the sound production ..od bcaring sysrcms of u wide
vari~ty"fanimals it is possib1ch) ;o(h ie\'e"rcasonabl ydcta ilcd

understanding of al least those 1>l.I~'Cli of the \"oca lisati<K1 and
hearing systems that are closest lo thl::nviromncnt. O f course

this leaves a grea tdc" l to be """ II with in other way s: Ihe
electrop hy, i"log}' of neur~ 1 lrolnsdULtion, the enl'oo ing and
decodingofinformationin lhe bnin, andthe acti\"e cofllro l nf
vocal isatio nandh earin g sysletTb thr,>ugh someofthcmusclcs
invnlved . Thc'c suhjl'Cts all Iic morc ciearly wilh in trn.:rcalm s
of biophysics and psycho physics and have anracted the
atlen lionofmanyresearchel1i\\ i1hin lhosc:fields. lam s<>rry
that I do not know enough of thL"s('achievements to be able to
~nl an adequately cl...ar and deta iled summary, bu l must
teave unsro somcocc cfsc .
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LEARNiNG ACOUSTICS THROUGH THE
BOUNDARY ELEMENT METHOD:
AN INEXPENSIVE GRAPHICAL INTE RFACE
AND ASSOC IAT ED T UTORIALS
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I NTROI>L CTIO:\f

The bou ndary cle ment method is a gen eral numer ical
method for solving the Helmholtz harmllnic "a\ e "'l wtion,
The tradilional (direct ) ap proach 10 BEM is 10 numeri"all y
appro ximate the Kirchoff·l lelmholtz {K· 111 integral equation
(Juh l !993 , Morgans et al. 2004 , Koopm ann and ra hnline
1997. and Pierce 1994)

, (,)p(')' -l-,~,M'",).P~' )¥", (I)

DIRE CT BE!'.l

numero us non-com mercia l acousnc IJEM code s, such as
those a..., .. cia rcd with the book edited by Wu (2000 ). These
source eud<.-s exist a.;; po:dagogicale:\3mpks for teaching the
basicsof DEM at an ad vanced undergra dllate or postgra duate
le\'d . Tbey arc wriue n infonra n 77 and are available the C l)
lI<'l;ompanyiog the book , The y are fully featured and capabl c
of so l\ ingpr...:tiClllprob lems ( Morgans etal.20Q.t)

These non-commercia l codes , whils t readily available
wilh lhe rurc ha'C of the I><M,k,havc not gainc d wi despread usc
for a number of reasons: the interfa..'e is com mand file dri\' en
and req uires eccess 10 some form of pre and postpr oces sor .
and Ihcre isa limitoo availao ilily of suita ble tutori al materi al

Thus lhere isa need for:
• an cas y 10 USC, freely available inte rface to an

aoou-~ticRF.Mcodc.and

• a well written.. Mcpoy 'kpluloria l on the use of
810M 10 solve simple rejeveru aoou>.licprob lem s

In this paper, brief outline s of direct 810M theo ry. the
Helm3D REM code and tk Gil) pre and poslproces1lorare
prese nted An out line " I' the Gnophica l User I nler ra,~ (GUll.
develo ped with Gi D 10 so lve direct BEM prob lems using the
Hcl m3D code. is give n. Finally. tile tulor ial mdll'fi al and how
it will be used to lcuh the use r flloda1Tlt'ntal acoo slic and
Bf.M con ccpts arc dcscribed.

pressure
redial distan ce
umc
n" noa l s ur1,,~c vck""ity
I'",i li" " " f lhe tic ld p"inl
location of CHIEF point
p" ,ilio n "fthe sour cc
specilk acow;ticimpeda nce

The aco ustic Bounda ry Element Mdh ,1(! (BEM ) has I1<>en
used to solve a witle range nf practical prnhk ms in acoustk s,
such as the m,l(!ellinl! of sound generated by loudspeakers
(l'"tl er,o n and Munch 2002 , anti Hod gson and Underwood
1997) or received by micro phones (Ju hl 19'H ). the sound
power radiated by a pa rucular structu re such as an cng ine
valve cover (Ciskowski and Hrcbbia 199 1) or a fan (von
Estorff2(00), and the sound scaueed by hard structu res
(Morgan,lOOO)

Numerous commercial codes that implement acou stic
I3EM exist; however the licensing costs are prohibitiv ely
ex pensive for casu al users , limiting the uptake of this
technology hy the w ider acou stics community. There exis t

MnlENClATURE
t1ensi,y

aagular Ircqucncy
iiVurco:- ratliu)
s.....oedo fsounu
pos ition depe ndent eOlb Ulnt
rf«" f'llcc (ir~'TO'Sf"llCti'M'

wavCllumlll:r
dwtlcngth
mode lllioubcr
number of elements
num ber of node...

t
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.1.1)
""(.1,I,t!
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..'he!'e..(..) It 1 p<.>$Il l(ln dq'>Cnd~'fIt com.tInI ( un i ly oulsidc lhf:

volume of inl<'l'nt. % 00 !he , urlaco: of the ~'olume I nd n:ro
in, idc the \o lumc:), p(.) is the COlllpln~ amplilUdo:

(",ith ~- tH" cdc:ro:ndo:oco:)al locauon :r. I=.[:i. p is
the nu id dcn.. ity, til is the angular freq uency , >,.(.., ) is the
oonna l surflll.T ....elocu y at loca lion x. and g(... I"') is the
free spate Green', function relating k"' 1I110ns :r and x" The
K· H ~ualloo can be dcri, 'ed (rum the Helm hollz cq ualioo
usina: e ilher ph)osical lllJumen ts using mon<'I'l'ln and d,.....lo...,
(Faby 2001) or IN na: . «tor akulus and Greee's Ihcorem
fXOO('l"I'Innand Fahnhno: 199 7, and Fah y 2(0 1). Equ.ohoo fl)
is the fundamc.'llC:ltl o:qualion ofdim:t RE.-\t, and "'--sl lutl lhe
~wro: alllOypoinl canbo:~k4 byIho:SIII"f~ imcgral

of 1 com lHnaliM of monopob (rlnt ICfm in tho: inlo:gDl
of f"lualio:lll t ill and dipoJes (...,.;ond I<:mI in lhe illkgnl of
f..qu.allOO(I)) ah iZr>o:d ....ilh tho:sunlll.T norma l. Tho:1n<IIlOJ'<'4c
soon:c str~glh is .. ci,hled by the prod uct of dcMiry and
M1rface ac('("k rationanoltlM:dlpok WlUrcestrm@:th is wei@:hted
bylhe surrace pro:ssW't. Giwna disln buli"nofsurfacellOl'tTlal
veloci ly (whichis lhc b..undary ccndinoe usu..IIYrn:scTiI:":dJ.
onc e tbe surfacc p......,.u,ci5 fou noJ, lhc PTC'losure ficloJlnyw hcn:
in tbe dornam can be cak ulatcd.

Direct llEM can be used 10 so lve the 1I" lrnhnlll equo1 linn
in either a bounded imctior domatn (in tcr ior prohleml nr lln
unb ounded ex terior do main (eJ\l" rinr problem ). T h" surfac e
p,~...sure is found by discreusing Equa tion (1) with " . nodes
and n• ...k ,n,:nls similar III those used in f EA , If tho: field
po int is pu. iliono:tl al L"""b su rface nook (or "~oll<xatc..rl

th,:n a:o<.1'Ino fll. o:quations for the n. surfacc ptCMUTcs a n
be fou.nd fOf • gi",n . c locity di ~tribulion . ibo: o:qlllll"lf1 ~ are
J'."IlCnlcdIl)'D ullJo:ri<;al integr;l.tiono' ·cr e<1dtclcmcnt,.nd
lho: intepaljnn techn ique used mus! be cap;lhk of dal in,.
.. ith thesina:ularilin kll,lIld . t the Iocalioosoflbc rnonopnk: s
and dil">b, Tho:CtfUlll can be fonna1 into • nwriJ. and

in'efIcd Il-~inl Mil'l<bnJ linear a1gd.... tcchniqun.. Once lhe
lYLItlri .. is inVC'I'1Cd,andthc su rface pl'eSsun::s l.lIO'An,lhcrlCld
prosum can be cakuLa lCd

Then: arc 1 number of disad....nu.ges 10 the dlm:1 BE\!
"f'Pl'lM"h. lfIhc K- ll integral cq uationisuscd lo ro:pm.cnlthe
sound rrcldon thc cucrinr ofa finile \tolume.at Iho: nalura l
frt\l UCflCin of tile inIL'rio r ..,f lbc finite . 'olumc:.1hc C\kri<.M'

prublc'mbrnU d.... n andlhematrillbec<.lfflCIIill....."OOdlliuncd
Th,s is .. c ll doo;umc nlro (Cople y 1968) and man y IOIUIMIIIS

h."c been ancmpl cd (Sc !IC~k 1968 , olIldRun"n and Millet
1971 ). 1bc CI IIU " mcthod (Scho:nck 1% 8)i s ..-..anm" nly Il-<;o."tl
IOO\'c.............. llle inlmor nalllra lfrcqucrteyprob lcm b«.Il-..c of
ii, ~ i mplicily. Th is techniGuc solves an o\ cnJctcr mincd S)"' CI1l
Of Cl.luaI KIII.~ f"rrn..-d by placingulra l'l."nlS {.l<...i insidc thc
"olumcuf lnt...rest. Pro\'idcdlheCl IIH fIOmls are nol placcd
al a modal lillCoftlll.' intcri~ ~olulion.lhi$ .. ill impr()\o'c thc
matrill c<'ndili,m ncmber ard allow lhematri ll 10 he solved
using k osl'SIIuarcs m~1h"ds

Another problem occ urs .. hen Ihc Iw" wr fa..:a " f inlcres t
are brOllp,l c lo5Ctogelhc r,n:suh ing in ..th in-~h:tro:brcak"',wn~

( Man in...T. 19911. This mc:ans tilal . Itho ugh some IC'Ilncl1iC'.!
ere probabl y b.:sl n:pn: senlcd wilh . lhin w rfilCC.a dil'C('!REM
. imul.lM' n ml y cilher bc llOlpos.,ibk. lJf lhegcomclry muSl bc
cnck""'" in a lafgcr~'olume,

9O -VoL33 ~(200SJ No.3

Ahhou.,..h thc BEM is malhem alica lly co mpl....., once it has
been impk:m.:o ted in a"'Olll puter cadc tbc user i ~ roo"""...hal
remo ved from Ihis co mplcJ\ily. The 8E~ formuLali,., ..,.n be
\ Clificd by com pariSOll.. ilh ana lylica lsolulions.o:nsurinlllhal
lho:cquali"n~ . re being su l\"t:dcOlTCdly, ..nd \tl lidaled a @:. 1llSI
npcrimen lal dill.... rn~uring lhal Lhc equati ons arc ceerect.
Tho: useru n then wncenlnl~ onIlcnerat ing the geometry and
arrJying b..undary cond itio ....

1I[1 .:'to1 3IJ
lbc oJim:1 REM codo:"'""'"in Ihis ro:-scarchis Hd m 3D. a F,lft,..,n
n impknvtliltlon lain@: lillCal' trian gulat (l{ '1.....tribllcra l
o:kmmb. II is.able to so)~e int..Tiox(I{ ClllcnOr prob","" ..-ilh
....ide urictyofappliedboundalycondiliuns. Tho:codo: is
auibbl~ .. ilh tho:purchase of tho:~yia,. book (Wu
;!(JIJO). Tho:code rnoh ;n tho:g.....mcuy. boundary cond ilions,
f~1d minis ,,00 e lH U' points from a lUI ba:ied inpw file.
forms the BEM m.aui_ CtfualKornand foOt,,:sthe rnalTillf,,.. lhe
boundary unk_1IS using IeaSl·squan.-sroul, ,,". lbc 5<Illnd
ptes"lll'e al uscr-sp«iflCd poi nts and the !\1.lU nd I'O"'cr and
r.ld iation ~mdocncy for r:tdiali,," probk:rm. an: eva lualed .

The colli... can currently only ..., I v~ simple lK'ou!\lic
problcnl!\. 11M:reis ~UrTl.'ntly no me banism 10 so1\'c a cou pled

vibroacousti.... problem, when: th acous tic s can a ffe~t lho:
vibra ti"n and vic...v...rsa

C;UI
Gi U (hllp;//gid.cimnc.ul"' .c ,) is • g...nl.'ra l ·pu',,"~ , fully
featured finileclemeTllprc a ndJl'O'>lpmc~~'l<>l'oJc.,c~>p<:d ""C I
a number of )ea n by !tlc lntemational Ce nne fur Numerical
Mclhnck in Engi....-.:ring (C1MNEI in Ihrcelona. Spain , II h...
clllCnsi-cgctlm.;trycrcation f....lUrC'.lIS ...,clla'CAD impor1

{JGES and Olhcnl. ~lI'b the Illl:shing <If many dilTCf'CT11
clo.,",,"'D1I)'pnand lheapplio;Aliollofboundatyrondlll iom.,lIld
has • posI~n8 gpebr lity for \tiewing mullS. Fill'UI'C I
sbov.-s a reprnc:n C:ltti\"(' eM int..-riormnbo:d I.G iD

Tho: ~ic \crsion oflhis proj: ram is free ly
downloadable. the onl y I'C'otOction be ing limited to 700 30
clemen ts. Fortunak; ly for RE\t .Ihis is a rcasona blc size and
m..nY lISCful <lroUSlic prubIcms Cllnbe ~l~ed



GiD il>desigocd to be easi ly eUl>tomised and exch,mgc
dala with a ~ariety of numeri cal anal) sis codes . There an:
mec hanisms avai lable 10 apply custom bounda ry cond itions,
mater ial propertie s and so lution controls to the model , \ 1ol't
of tho:l<c sol,'o:o, in<;lud ing IlelmJd , n::qu;r¢ some fonn of te" t
tile as input. GiD completely wraps the creation of the text
file, cxcc uuou o f the solver and interpretation of the post
processing data, making the ope ration tr.lnsparen t to the uscr.

The IIehn3d GUI (graphical U"'-'Tinterface) de-eloped lor
th i ~ projec t is straig htforward 10install (installation instruction s
are included in thetutorial]. Figure 2 shows the problem data
dial"su c ho x, which allow s the user to spec ify most "fthe
requin:d inputs that control the simulation. These include
me project title, the frequen9 'mtlgcofintcrest,whether ltle
problem is an ink ma l or external problem , materia l properties
such ns dcnsitya ndspecd ofs ound. the position ofa field point
(a "microphone" Ih,,1can be placed anywhere in thednma in),
an,l lhc posilinn "f:my requin:-dC ll IEF poinl

The butlndary conditions that cmtbe appliedin l lclm3d are
a surface prc",un : (tarel y llscd), a smfacc nonnal velocity or
a M,rfilee normal impedaoce. These can bcapplicJ usin g the
boundary conditions d ialogue box. either 10 model surfaces, or
dirCC11yt Olhc surface mesh

An impo rtant rcqllircmcnt fur a HEM code is eOl1lml over
surface normals . Each surface clement hD ~ a p<>silive "~ i de".

and il is impcrative that the slJ e is facing outwa rds tor inlcmal
problems [cavities) and inwards for external prohk ms, Oil>
hasa mechanism of vislla li""l i" n " f surfacc n"m ml" a n,l it is
easytomodifynunna l dirccl iolls umil all sur fa"cs an: p<,inl ing
in the re4llired direc t ion, Figure Lshowsthe car surfaces with
dark grey positive and lighl grey llt'galivc, For lhi ~ ~ im ll lar i on

Acous tics A..stralia

thc 4 light grey ' u. facc. mu" be Oipped in orde r to solve the
inr.:mal HEM problem

Figure .~, Sml"ce n", m.1 visllali""tio"

Thcp<>slpr~,ing capa bi l; ti es oI' G i!) a re nlen sive , and

thc Tesllits of. Helm3d eale ulalion can be read and displayed
easily. Hgure 4 shows an example of a plot of pressure
magnitude at 100 Hz over lhe interior oflhe J m lung. 1.2
m high and 1.1':m wide car. A vcTO(:ity e <eilal;on rcprc'iCnh
soond tmnsmiss iunt hroughthc cnginelin:wall

The GUI interface to Hc lm3d developed lor this projL"'1
is 'iOmewhatrud ime-nlary, althollghit is sufficiL'ntlo lcam lltc
REM and acoustics. Future de velopment s of Ihc G UI mig ht
allow: mujnple CHIEF points ; multip le field points or even
a field mes h that alloW'Svisual;"" ti<m of !he sU\lnd field awa y
fr<>m,the sllrface: or thc inclusion uf acuos tic §Callcr ing frnm
withm thc Gljt .

~'il: ll re 4. Pressure magnimde in • car interiur (pres,un: ;n
Pascals)

TUTO RIALS
The unorla l guides the user through BEM modelling with
eighlprnblems,cach intruducing dilTerenl aspccls nf:

• fundamenla l cOl1eeptsinacoustics.
• BEM specific concepts, and
• llsing lhe (j iD-Hd nt3d i11lerll..:e.

The tulorial matcrial co mp.-ises step-by-step instruc tions
whic h explain how to input each model. apply boundary
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t) puI$(lllog sph9ra
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rig~rc S . f1rcakd"",n of ihc luhmal probkm.

condit ions anJ postprocess the l"I..'SUlls. Compar isons with
analyt ical soluno ns are given when possible

By the cnd o r the tutorial , the user should ha~c had an
introd ocli"nlo lhc!;e fundame ntal COOCCl'ls in aoousli~-s:

onoe-dimcn, ional standing wl vcs,
one-dim ensional travellin g ",.ws,
impc<t<lnce (sound abso rbing) bo undary conduio ns.
modes in a rcclangular room,
modes in more complex spaces.
oec-dimensionalspbericalwaves.
sound radiali'H1rrom a spherc.lnd
loOl.Indt<lJ ialiun fml1lmorecomplcltshapcs

Thc user sho.. k1undelSland lhef.cBEM ,~itic conccpl5;

edva mages anddisadvanlall~'" ", h",n CfNllpared 10

othertechniques.
inlcriur\'crsusexteriorprobkm s,
dcmenl lypcs.
l11es h ~ i rc {6 demenl s pcr wavele ngth ),

non-uniquencss di nic ulty( C1HEF poim s),
symm cuy. nnd
direction of normals

l1le user should a lso ha\'e a work i ngknow ledgc o f l h~

GiD- lIelm3d inl~...faccconcepcs:

inl'ultinglhegeomctry inlo Gil>d il"l..'Ctly.
importing CAl> data inlo Gin for mesh ing.
flipping surface normals,
mes hing the geometry ,
app lyingboundary eomJiliuns,
soh' ing lhe prohleml broullh the GiD inlcrtace lo
Ilclm3d, and
post-processing resultstbTOugh GiD

92 • Vol. 33 December (2005 ) No . 3

Figure ~ shows the breakdow n of I"" lulorials. Two
appli ealioo arcas are addrc-ecd: interior acousucs alld cxlcmal
acousuc radia uon. Simple problem s wil b ana lylin i solulioo>
art' imrodcced. The power of IlE M is lhen demon~lraled

through applicatio n 10 more realistic problem s.

I Nn :RJOH. PROBl.EMS
A simple model of a ID standing wave ill a rigid walled
duct ( Figure ~.a ) introduc es the user to HEM through the
very simple geometry ofa long rc~1a nl:'C. Veloc ily boundary
eoodil iuns. lhc required dircction ofn"rmalsalldlll<.-shing
a~ introd uced.llow me accuracy or rcs utts can be affected
by mesh re~"luIion is a l~, demon......led. Res uliS obtai ned
from lhe numenea l modcl are lhencumpa redto lhc analylical
solUliun , An example of sound with a wavele ngth identical to
I..., docl r",nglh. res<.maling in a hard walle d duct. is shown in
Figurc 6.Aunil inpul vel<>city al lhe Idl end and zero velocity
com!ili" ns elsewh ere are a~sunwd

l'ig urc 6,Stand ; " g wa'ei n aducl al l he~dlheoret ica l

rc~nnar>cc frc4UCn<:y oft l>cduel (I""""urc in Pascals).



~

!~\
i -300. \

-4Q0l \ ...J'

.&:Ilb-i-~_-i '- a 10
~"""'duI;l(... )

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

A model of a ~peahT in 11M: ~"'>I1lCr of " rillitl " ,. II"d room
(Fi gure:S,d ) imrod lKc~ the u, er 10 II\.., excila lion of modo:s in
a 31> environment Rectangular mom~ with llirc:c dill"crem
axial dimcnsion~ are:co mpared 1<> those tbm have two <>1' more
iden tical dimensiuns. Various source shape, (.. r ide ntical
volume velocity ) are al!'l' ilwest iJl,alo:<.! .extemJinll lh" user 's
understandin!: or roomaco..'l ies aml lW M OOUTCe model ling
An example ofth...c xcitanon of room m",!<,. in Iwo directi" ns
is shown in Figure 11. The ", .. m ,limen. i" n. arc 2.S tn" S
m " .1 m, n ... , ,,uree is 110,04 rnl .•ound source.Jocaredncar
tbeh" lIom lcn corner ofthe wal l wilh the lllnll.est llirnen, i" n,
and 0rc rates at u tre'l ueney ofMI.S Ht . <"" m..'pondinll. lu a
wa\ ·t!engtliofS m,

The final internal problem. the sound pr~'S.'llTe in rhc
interior or a car ( ~' igutt'S 4 and S,c ), is an elH,mplc:orbow
m::Mcan Ix appli~'d 10&praclical .10 prohlcm, f igure 4 s""""s
lhc:"",ponoewilbin lhc inlcrioroflhccar. Rigid "all buuntlary
cond ilions arc: ISSUmc:t1, In pr;Klicc III.: t1cxihility ur Ihe
cncI""ings.TUl.1ure .......ld need k, bc:lCc.. ..nlw for; h....eve r,

A side bmictJ reson:;Itl,'" is tht'a added (t igure 5,c). and
the;mal~ sisfrcqol:no:y is s...eptthrough~.lhe
l\"SUlts oflhc analysis are usaI IO shooo.' oo...'thernonodor
addsimp:dancciDp.snIIcl ....thttu.tof the pipe . ttsult ing in
" !i-Uppn:l>5ion of loon c jose to the~ frcqurocy. An
eu.rnrkofa~ boundaly dcm.:t1t modcl of. duo..1 ",·ith

a side bmictJ Ild mholu l'C!oC'n,illloril~ in Fi~ 10

(4 1

III

"'"""'="
fi,,,", 8, T",,'cll in~ ''''~e in. dul:1(prnou"' ... P....:ab)

a~~eo~:=::~n;~~uet~~~u~~.~:~ j ,
8).yieldinga lra'ellinl!pla...... " ..e." hichi~sho" n1Ohnc.

vcry sim ple analytice l so hni..n
The analytical prn..surc al an)' point in the dllCl is give n by

thC o:<juat i"n:

wb" re l; islhc di'l an<"c from thcl'oinIUf " xd lali"nal(\ng
the duc t. As can hc...,en frnmFigllre Q, lhe re.l allll<"ul11l'1cx
I'rcSSUfCS " f lhc trn cUinll.waw e", im;,I<...J using IlEM all.n:e

","W"h<h'"," 'Y"""'~

~ I~r l
IIll

Tho:"'-wna....~ ncq.....nc i~'S o f til.: S)'~Mn .n: simply the
rnonlOCC$of I n e pen.cjosed doct and~ given by:

h .~ (~

wherev iStM mode numbc:r.c i5 tM lpo:c:dofsou nd .ndl
is tbelenllih oftheduc1

Th.: :lIu.lytic" l sl""'i'............."' kimpt'd.n<..c .tlhcex...itation
\ocationi§ '

...heTe J- ~. J' K tto( do:ft'olly of lhc medlUm:ond i: i5
tIM: .... H'1umbcT Tho.- theoM ical spn: ,flClC\>Inlicimp:dan<'e
. nd thc RF.M !opl:CiflC .........."' kim(lC'da ncc( thcratiohct...ccn
the IC'OIlUk preo.su",.nd rartick ..c1.... ity) It the point of
uritltionlte~~in Figure7as . functionof fTequmcy.

The REM i5 shown 10 be: in good agrttrncnl ....ith the
throrcl icallyck'lmnined valUl:!o.
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Figure I3shows thc varial ion i n,ur t;1<'epres.~lI re (r=a)wi lh

frequency for the pulsaling sphere f" r an analylical s" llItiun,
and BEM calculalions wilhn o Ci l lFF[K!i nl, a Cl l lEFpoinl 3t
the centre utthc sphcrc and aCHIl:F poinr at halftbc radic s.

The .n.I)'lical s"luli on for the pres sure produced by a
pulsating sphere. which can be derived from the spherica l
wave equation. is:

where 'I is the ~ I'here ralJius. r is the radius at which the
pressu re is bein¥;calculated and w is Ihe angular frequency.
The ehame le ri ~ lic eigeefrcqucnclcs otjhe sphere, which are
the eigcn frcqaencic s of the interior Dirichlet problem, arc
given by the equation:

EXTE RIOR PROBI. F.l\IS
11le fiN e~t~Tioc" problemprno:nted isthe cl.,;sical fund.amt.-ntal

radiation prOOInn of a pulsating sp~ (F igure 5.0. Key

eOflCq)lsco>·ered.re mode lling symmetry and ho....Ihis a.fleets
eompu Lltiona l elflCiency, al'l' ropria lC: dllttlion of normals
fOf an e~tcmal probkm ;and the USC'of elilEF POUltsin \he
interior to impnw e \he cond ition number of thc governing
matri~. A Il1e!Ihed modd of the ""'If spht-re (a sym",,-"U)'
boundary cond it ion is u<,(>j ) is ~nin Figure l2.

CO~CLUSIO~S

This paper descri bes: a freely avai lable interface that has
been de vc1"red between Gil) lind IId m3d ; and tutorial
materia l describ ing some funda me ntal acoustic rro hlems
and how they would be ",,1"Cd with REM using the newly
deve lopedintcrfaec , It is hoped thKI the resulting pracncal
and freel y ava ilable inlroduetio n 10 Bl:M "'i ll be the ba sis for
both srudcra projccts within universities around Auslralia, as
weilasfora~riesof l~turesinllCousticSCOlirsesat some

universities . The propos<:d greater n aitah ility of the code

The REM wlulion wjth 110 CHIEF pli ot ~ho\O"S poor
1pC'Cmc<1t " 'M the ana.lyti<;al w1ution at hF:r .md .w--2x,
where t is the .. avenwnbc'f md u ~ the radius of the sccrce
Tbis is due 10 poor cond itioning of lhc mallU . Tbc pIao:anent
of .CIIIEF po;ntat rla -O.S. .....hcre r is the ndi.lloca.tion
from \he C<.-ntre ofthe~'fC, .m<.'liora.lcs the problcm .. A:n->r;
bow ev ee, poor agn:emcnt at ld-2~ still ocnrrs due 10 the
CHIFF point being 00 II>c:interior noda l surface com:sponding
to the cha ract..-ristic eigenfreqa.ellC)' tu -2"mcanil1! W I this
tcSOruloceC'ltulOlbecaocellcd. Pl.llcinglhcCHIEFpointaltbc
sphcrecenlrcensurcsthal ilOOcs not lie on a noda l surface.
'TlM: res ulling solution is therefore in good . greemenl with the
anal)1ical loOl ution. Who.-n using OEM10.naly!oC rnureCOftlplex
gcomctncs. the u_ gcncnlly hal; 110 rn or knuwledge <Ifthe
optim.o.l CHI EF point loca tion. and the refore muhirk (' HIF.F
points random ly d istributed " 'ilhin the volulTll;.' are used . The
oondjt ion numberoflhe rnatrill.",'illal>ogi~c an indiC.lIOnof

....hetherIhere are an~' interior reso nance problem s
A ~-phcric;tl \'OhllTll;.' Wilh an eXlnna l veloc ity over •

proportion of;ts surface i, J!I"."".'1'lod I-~ a simplirll.'dmodt l of a
IoudspcakCTina rigid .. allod hox CHgure .5.y) C,,," p'u; ,,, n of
results aldiff~ntfn"l.uencics;~u .....dtu sho.. that radiali..nis
ire lfocienl at low freqecrck s. The eumple ShoWllhow a HEM
of a problem with simplified geometry can he us<-'d \0 mOOel
a more complex problem. r rod\ICing results which exhibit a
similar pattern ofbe ha\'iour. Apprcauo n of the external Bl:~l \0

1 1TI<.lIl: n:alistic situalion isp resenh:,j as lhe analysis uf r.«liation
froma speak~,. of more reali sl ic l.(co1fll.' try (FiJo:un:: .5 .h ) .

(6)

(Sl

III

s inka : O

J! (r) ", (~)..i£!2... ,,_ 'A{r _ ,,)
r 1+ lka
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and tutorial will accelerate the uptake of I3EM by the wider
acoustics community, ind uding members of the acoustical
snciely as wd l as praelicing al'uustic enginccl1:i

Fur further informatio n pka se visit

hUp-lIl'.ww m\'rhcn l' .aolt'lai,k' rd" anlanvdhel m3d html
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Intern ational Congress on
Acousti cs
Thi" is t!lc tlWti ilt oI_ I.>tv{ Nf:ld<J' i_
in ,h"I "od "p " . /CA P II ,~,dnry i,, 2() 1O.

The prev ious item ;n thi ~ _ie. rum mari.ed
the p urpose and governance of the
Inlern atio nal Commissio n on Acoo.t ics
This ilem a ims to overv iew Ihc major
activity of Ihe Commission. namc1y Ihe
h" em at;onal Conference On Ae"",lic, l>eld
every three years. As Ihe acr onyms for
Ihe Com mi..ion and the Cunference an:
the sam e, ie ICII , Ihe congre.. is o, ....lIy
identitled by the additiooof lhe year and!OT
Ihe location. Thus the next congr""" i.
refe rred to a, ICA200 7 or", in the web
addTc" ww'w,;ca2007madrid,org , This will
l><: fulluwcdby lCA20 1l1inSydney

The Commi,sioo Ulke~ greal care wi,h the
s.:lection of the venuc lor the cong,e",
and the prima ry consideralion. include the
prupu",d ""n ue, dales, organising ro mmi\l...,
and Ih. ;t plan' 10 "", t within the light
budget that tbe limit on registration fc"C
fl'\]uires. LQwer prinrity i, given totoorist
fealores ",,, ,,,,iatw with the venoe. The
l'lSt Congre .. was held in 1953 in [)dfl,

Nether lands, Fo llowing "enues have been
1956 Cambr idge, USA; 1959 Slul1...ar1; 1% 2
Copen hagen; 1965 li cgc; 1968 Tok yo ; 1971
lJodapc. t;19 74london; 1977 Madrid; 19MO

leA 2010
Sydney; 19M3 PlIri, ; 19MtlToromo; 1989
Belgrade; 1992 lk,j ing; 1995 Trondhei m;
1991:\Seallle; 200 1 Rome and 2004 KyUlo.

We .re . 11 fami liar wi lh . e"" , lics
~~ such as thosc f",:u,i n ~ on a

"fl'CC iali .. topic ",ea. thoscdfllw;o@t0l!eth~r

....or~ers from aran~e of areas wilhthe l ;nk

beiog a panimlar th~m~ aodthosehav io@ .

theme buIOOl r.a:~R.lI" i I Y fC'Slfict i ol!pa f'C'rs

to Illat tIK-OIe. The annual ~onferenc~ of
'<DCiel ;e, Ii ~~ the AAS and the NZAS ..
....e ll as [ntemaliona l conferences, lik:
Inlemoise. are nf th i. Ian ....type

rh,-"" a",many defj nitionsfnr~. h.<1

; nth~ $C; cnt; fic c"mmvnily il ...... lly rek ..
lo a mc-ctin8 '>rga",~by'~I'-c

btJdyforawid.'an~e "findcpcndc-rl< l!1'JVP"
wilh ""mecommon link, Thu; the prim.uy
d iff=nc~ h'-"lwccnan ac,.."'ics ,""".1('" and
an acou. tic. cuII/im 't.... i.n"t lbe .............
nf part icipants l>nllhebrna,lncu nf thc
sprcad " rtnpies d i<, v" cd at !he""",ift"' "
The Inlemal ional Cons", ," 00 Acou . tics i.
simi lar toa numherof ac" ul'1ic. eonfcrcnce,
being beld Slmohanc" ud y,

Th~ l" lcmati"nal Co", ,,, i•• i,,npt,,vid,,'he
;tt\k·1Ur. to e'lSIIre that the e"n iV"" doe ,
eovera ll areasofac" ", lic>s; in particular it
e n""" "thalthe l~chnicaladv i""ry conlminee

is truly fep rescnl .t i v~ , The ",,,, "re,,
web'",e . participation fm"''''' Y1<'pic arca
which h.. "n.,'in,'olvemcnt with aeou, ' ico.

Tbc C<Jllt<R'os organi..lion cnsurcs lhat lhc
ptUgr.m incluootopqwli l)·i nvilCdplcnary

,nddi>tiol(Ui>l>cd-..-Jkcn. So. in addltlnll

In p.!rticip-.n.. Ieam i n~ the lalest to tlleir
particular field. they Can altend la:lun.. in

flekJoo r"""n<lics lllat areontllCpcnphery

of thei. inlern! or e~~n ~njoy kam,~ . houl

10'1"'" or is""e , io a.:ou >lics lhey may no!

c"c n koo...·o .x ,sted (u n..... they re~u larly

read. ll thcj ....mals!J.

O f """ "", tho:rearc many' ","'a llel ••:,,,ions

ov.... lhe Ih~ dayo of the congm. hUl
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VIRTUAL ACO USTIC PROTOTYPES:
LISTENING TO MACHINES THAT DON' T EXIST
And)' Mn o r h ousc (Thisis an~diloo wr, ;,," (l flh~ keyn"l" lec ture al ACllU,iics
Acou~t ics Resea rc h 0 ,"0111.", Uninnit}' ufSlI lford .l\lll l1cheder, UK 201H: Acnll,tics in u Chanlling Envimnmenl held at

Hus""I!,,".We' lCmA u, tralia. in N"vemh<,2005 ,Acomplcte
\'C~i"n i~ a" ni"H< jll lh...""nr..."",.. err<>cc....Ji ng~)

A Vinual Acoo,lie f'tOlolype (VAP) i•• compul<rr<l'fC>"nla,ionof . machirl« c.lI. • d<Nn<",ie apr1ianco). "",II ,h.,;1 .""to: h<ord ...ilh<..., il I~

h•• m~{"<""''''phy,ical.ss<mbly . Wher... ,i ,""l i.. tion ""' I, ., ,. lI <kV< ln~ i" tMfi<ld<>f .il I <I<>ip, l. _~lOOI,for.ur.h _ h

•• "'.. r u ill ill 110';. ;,,(",,", h --r le, nf VAI', r",. "'fr ;ga l<\«uoIlm-.:__ ., h,nK """,hLrI<.. . pr.~'<d. thn hich

M1>«"' " "10 «JnO.odo<'oHo """" 10"01'011 ;' ...~",re<lIO oil ,10< _ ", C-" ,"' ' '' ;'' 0 m.." hani, m. ""' ,," In..,. 1mK~ It
,•• >J'lo,....J ,IMl\' P.<_ ""IW'O" ·. ;n". r . o>d H.. t"''''' -.:ddoll.''lI ''"~I'or ''''lorntnbl. r"N.... pvli, ul. r1y lu <han<1"""' ..1"·.
~.. . !I< oflll< ..,'~ oi wurting w ith V...P,aR:ou<lin<d

INTROD UCTI Or.;
Oneofthe mostdilliculland inlcn:sli nga'~·t,ofa""u't it:s

is that it ' pan, two ",a lms. the pllysical and the r sychological
In it(."Uu:;tics, unlike m"' lother tcrh nica l disciptincs.wc dcal
with ' causes' thai are physical. but ' effcr ts ' lhal occ ur hte raily
bet....eenthcearsoflheliMencr .anda"'primarilyps )'ehological.
Whercasthcfield\ariab les intheph)·sicald .. main are precisely
ltlCasurab1equant iti~~, the ' fid d variabl..s' ~nbing human
reac uon ~ o f a qui te different nara ee. The feelings evok ed
b)' Jisteningto a pal1icu lar sound a", nol easil)' nK:asurahle
or even repealable , Furmc rmorc , they are not lIC'ffi.'klrily
relatedto the physical variables in a stra jghtforwa rd way. F..r
e.\amplc , moSli ndicaton. for envimmnen IaI IM,i"" oo......o;ethe
A weighted Lcq . effL'CIiw ly quanl itying lhe average e....·rgy
..f tllc s" und afterfi llering by tltc ear. TIlC'C"' ......."'ellwhc'"
the character of the SO\mdisfaj rly c(lnslant,,, fnre~amplein

the ca.sc ef traffic noise . However, il is ....ellknown that the

A weighted Leq is nO!.a reliable method 10 compare sounds
with a differenl ~·hardeter. For ..<ample, an impulsive sound
could be j udged a ~ IM-i ng looder Ihan a steady sound even
when itcontains ics,acoustic energy. For the!>C rea,,'ns, in tllc
automOlivesector, andinercasinglyi ndomestieproduelS llnd
the built environment, designers arc comin g 10 the conclusion
that the only reliable way t"judl!\eIhe effect ofa particu lar
sound is to lislen 10 il

Let us look IIl th i ~ pn,h1cm " o m the po,nt of view of a
designe r o r. say domestic 'Il" outduor "'Iui pm...nt. The d~s; gner

wants the sound tn evoke positive fl'd ings in CU.,tumns
and other listeners. The des ign targets arc therefore in the
p~y,: hologica l tlumain (eso;c ntia lly theyarc:'feel ; ngs '),whereas

thc paramcters underlhe eontrol of the designcr arc:physieaJ
quamitieso f'l uite adiffcrent natllre (thicknessufp latcs,typc
of material. etc), Ilow them do we a,,,,,ss the effect of a design
change (physical) on the target quantity (psyc holog ical)'!

Arch i tL'C ls a ndvisualdes i ~ncrs tacea sim i larprob 1cm:the

feelings evu ked hy a pan i"'ular shape can t>c,1 be j udged by
Inokinga t the shapc.a ndawideran geo J'visualisationtuols has
been developed . These range from hand ~kclches, drawings,
physical sca le models , computer models, prototypes . and,
inerca, ingly. virtual tools like virtua l prototypes and vittua l

environmen ts, The se loo ls all aim 10 convey an accu rate
impres., ion of the Inoks nf tlM:product to an appropriate leve l
of accuracy anddclail.tlcp.:ndilll:nn the stage III which the
design has prol' r't'ssed . The le\td of<klai l needed in the visual
representation may val)' from a sketch takin g undcra minute ,
10a full 31>model taking weeks or months to assemble.

What tn" ls " fa similar nalure are available for acoustic
d.:"ign'!l1leanswer al lhc cum..'T1t Slale of the art ISvery few. In
l'orM:enhall dl",ign aur.t1i""tioot..'Chniquhha,ebt.-ena vailab1e
lor ""Ille time when:by tile reverbe ration in a comporer
n...>dell..-d hall callhc ad,k d lomllsic n:cordedundcr anccho ie
I'Ondit ioo~. In Iltc auIOmuli\ 'e ~nr, simu lat~lfls of the sound
and vibrallon of\"cltick.'S 8fl,' nowada ys produced rrior 10

protot)"pC's hecomillg a\·at1able lo gi~·e an in~sionofwhat

the dri\ ing e~perience ""ill 1M- like. Looking at these two
examplC" il is fairly d ear lhal lhe kv el ofl echnology required
III 3I'hiC\'c th..' at.'tlUsfic l'tjuivakn l or an archila1 'S mndel is
fair1ysoplt isricaled, Th is iSloU rcly a main reason why acoustic
design lools arey CllI"!' behindthose used for visual dcsign

Itc:m bcnrgucdthal,i f 8U'Mi-sl ic<l...ign i'sto succeed ln sltaping
souMst hendes ignel"!'lMX:ddL-sib'l1tuol.. i.e. lechniqucs tn con....cy
an accurate impref>.sion of the soond ofa prodoct .....hil>t stil1nn
11M: drJ ..... ing tM>ard. Furthermo re. we can argue that an array of
tuols is nc"t'dedtllcall,. fordifferentstagesin thc lk:,,¥ n r-t....TsIl .

rJllgingfrom,implctrk' thods lomof( ·high level' tt>:hniqun. ln
this p aper we wi ll cxplore tbe use ofrvmualac.. .. 'l il..fW11Wr)~'
iechmqccs mainly in thcdomeslie aOIIuu!door produ(,1,s SC'l1flr,
The e<amplcs ofVA rs given .....ere developed during the recent
NahllCCtlpmjcet, fundedby lheEU

For the purpo!>Cs of this paper; a VirtualAc",-" tic f'n>t()l)'pc
(VAP) will be considered as a computer reprewntauo n of a
machine, e.g. a washing machine, fridge, la....n" ...' wer ell.',
such that its soun d can be heard without il ne~~..., riry having
to cxist asa phy, icalm uchine. Like a real machine, a VAP is
constructed from ' components' , although the VAl"components
do IM)IllCCn"l1rily correspond to rhe physscal comfMments
of till: rc.al machine. Each constituent part of a VAl" is a
repfu .:llI u,i"" o r some vibm-acoustic mechanism laking
place within the machine. We will attempt to explain what this
means, using the example of concert hall nuralisalion,which
is more famil iar than VAPs
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Subst ructur ing into acttve and passive part s
Acous tic de,i gneN;c an lislen 10 a eo neen hall whi k il is still
on the drawing hoa rd. The main sl" .... ill Ihis proe o:ss ere:

A recording is made ofa musician pl:lying in an anechoic
chambe r,

The impul-e re' p" nsc funct ion of Ihe hall is measure d. or
calc ula ted by numerical melhod s sllch as ray tmcing ,

The ancchoic ally recorde d music nndthcinjpulse respon se
function are co mbin ed in lhe computer hy convolution
and the result is auralised, forexamplc hy playing over
head phones

Th us. the or igina l music and Ihe revc rbemn ce etc. of the

room arc both heard on the auralisauon . This appro ach is now
fairly well known and increasin gly used

One or the fcauee s of this tech nique , which is relevant for
VAl's , is lhall.h o:dalarcpresenlinll lllc 'Ollrce( themusic)and

tru"roo m are inokpcOllcnl. Thus, sou rce anti "'''' [Min'''' dala can
rcad ily he inlo:rchangc<Jso Ihat, fur o:xamp le , rnllsician s ean be
beard ·playing'ina ha ll th.,.'Y haW IlCwr visitc<J.

Con slructin g a VAl' is similar in W l lhe tina <ler is 10

sepa rate tbe "",n...,.. from the remaining pass ive pansof thc
mach ine. The eomr ollCnb in a VAl', lIS in the co ncert hall
example . are thcrefc re of' two typcs : ocli"eand pa",si" e. Active
com ponents are assoc ials-.I with ph ysical com pooems that
inilially grnc rl te the Cllcillltion, c.g , fans, pumps, compresroo.,
electric motors , etc , All remain ing p;uts of the machine are
ca leg.m7t'd as pass;ve and are rol lecti s clytcrmcdlhc ·f rame ' .
Th c fra me does nOf g~lc eKcitalion, bul mod ilics thai
from the ae livecomro nc:nls on its way 10 the posi tio n of tbc
receiver (hS1CIlt'T) . The IralTll.' can be thou ghl of as a filter ,
anenuating or amplifying ce rtain freq uencies by the act ion
o f reson ances. <JIlfraction, etc. Thus, like the conce rt hall, it
plays an iml'unanl ru lc in whal is heard by the listener. without
g(n erating any inilialdi'lurhance llsd f.

An im[Mlnant r(quiremenl li,r the VAP is Ihal the data
chusen lu represe nt th... SOlJ r"CC muSI b<.'inde pendent ufthe
frame alld ,'ice ",'''.'' . If lhis requi remenl is met, ths'D Cltch
.o urce Can hc s,<.." biocd with any fmme and vi, 'e versa . In
Ihe co nce rt hall anal,,1lY we saw that this allows music i,,,,.

I" ' play' in any ha ll,exis ting or not. In the case of the VA P,
it allow s a sourc e, say a fan , I" be installed virtually into any
Iramc and the soun d ofihe asscmbly to be heard.

A simple exa mple
A la irly simple example of a VAP is the cab inet of a
tclec omm unicano ns base statio n, with IWOnominall y identical
fans mounted in its door as part of the thenn al contro l sys tem.
Thi s example is almos t exactl y analogo us to the co ncert
hall case : Ihe tim (t he sour ce) correspond s 10 the musical
instrumenl, and the duclWork and cavitics totoc hall; the only
major difference was thai tbe VAPcalculations were carried
ou t in the freq uency domain . To model the base slalion, a

fan was removed and mounted in an acoustic ally transparent
box, using the methodo logyof ISO IOJ02 ( 1996) , so that lhc
sound poWCTco uld be measured in the abse nce of the frame.
from tbe measu red sound powe r, the 'sou rce: stren gth ' was
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back-caleu latcd.Whalismeanlbysourceslrengt h? ln lh is
case il was take n to be the ne t fluctu ating force act ing on tbc
air by lhe impeller, which was assumed equi\"a1cnt lo theforce
exen ed by a sing le dipole acting at the centre of the impeller
along the allis of the fan . The frame was then represe nted by
rhe transfer funcno n from this excitatio n po int tolhc exte rna l
rceeiv er p"s ilitln , Thisl rallsfcr funClion inc1uded thecolObincd
effecls of cavity alld ducl re" manccs, lransmis, ion from lhe
end o trhc du ct etc . an<J was m<:asur ed using a reciproc al
Icehnique [ l.2 ]

The spect rom of sound pressure at the receive r locat ion,
ca lculated by co mbining the source strength and transfe r
function , is show n in Figure I and agree s we ll withthe dircctly
measu red soun d pressure sped rum . f urthenn ore , Ihe aura li....d
so und al this pos ition was sim ilar to the real sound (it will
be described !aLL.,. how the auralisation was achieved fw m

frequency domai n da ta).
A more complic ated exam ple of a domestic fridge ,",'ill be

described laler. First however , we "' ill esa millC " >me of tho:
pm<;lical limila tions on VA""

:~.. - -
20 f I , •

'~-20 ,

..,
63 125 250 500 n 2k

Freqoency[Hz]

f igure I : Soondl' res.....-ele"elmea ""redon tllcrcal pmlolyflC
eahinet(50 lid lines)c ompam:l wilh lhal l'redieled fmm lhe
VIII' (dolled lillC.j . "arm...'band in dAlin, Ihird "eta~e band
value, in dR(A). (aflerTCf l l ] 2003}

Pra ctical limit ations on YAPs
The 'holygra il'fi" dc,i g "e~ is l n earry nUI (, lI l he ir design i n

Ihe vin na l dnma in, IIllim:ltely w<lrking purely In ,m d eclronic
data and a"oid in!: ph ysi<'nl prototy pes ctlmplclcly until the
design is finalise d The adva ntages in terms of cost and lime
to-mar ket of'fhis appro ach can be huge , However, it may have
been not iced in the aho ve CXUllIl' 1c thntthe two SCIS ofdata,
reprcsc ntinglho:aclive and pass ive coml'o nenb , were ohlain<-.I
by measurement. Clear ly, th is implie s that thc mach ine, or
at lea.st the pan.s of it, must alread y exist. Whal then arc the
advantages of the appr oach, and furtbcnno re, 1I0w can we
ewn cluimthatllurmoucl is avirlllol protot ypea{a ll'!

Be fore answeri ng this quest ion we must consider the
real ilics of lhe situa tion : aut3lisa lion of mach ines ' from
scratch' , l.c. slan ing from dr..wing board data is a very
ambilious aim, and issl ill maoyyurs off.

OlM: reason is Ihal auralisatien plac~'lI par ncularty high
demands on the numeric al pred iction of sound transmission
and radi.alion sincen cilhe r linilcdemem mct hod s Dor stalistical



energy ana l)'sis can ge nerall y cOJ>C w ilh Ihc enlire audible
frequency range . Hybrid methods 13] ~how ~me promis¢ of
ov..rcomi ng th is hurdle, but ew n SQ , many ma~'hines arc like ly
hJ prov.. 100 com pl ica ted fur some time . Takc the e~ample of
a wash ing machin e frame; lo calcu lale the Imn, fer function
from inside to outside req uires an acoustic model of the
cav ity, co up led 10 a structural mode l of the cabinet (Wilh its
own diftkuh ies of mod ell ing). cou pled 10 anolhe r acnu ~l i e

model of the external air. Hybrid mcth.o<l~ ~x",ld simplify
this conside rably, but for the foreseeable futureil is unlikely
that reliable numerica l melho,J, wi ll be availa ble 10 designe rs

in mediu m technology indUSlries like dom estic and uutd oor
produc ts, Despite the diffi cul ties, il isewn 1I0w pussible to
model som e machine fralTll.-'S rlOmcrically (c.g. the boa...:sl.alion
cabiroel discus sed abo ve)

Thesccondn:ason lha l modc llingfromSl; r<lk his amt>itiou5
is lhal uOOcrst.anding o f ,oun:c mo."han isms is 001 su llieie nlly
advanced. Jtis beg inni ngto l:Jt.-v.m>o:~sibk lo predicl lhe

rou nd generated by some sound liOU~ for eumple fans,
although this is likelytorernaina highly spl:I;ialised job for some
lime at least. How ever, other noise go:nc:raliOll me<:hanisms,
likestick-slip frietion arestil1 nol suffieicllllyundersloodfor
reliable models 10 have been developed . Therefore , even wbcn
lra nsfer funclions can bemodellcdnumerically.n'f'T~.,.ent.alion s

of'the activc rompcrcras will alrncs! invariably be based on
m<:a-suremcnl for sorne lime to come .

Advantages of YAPs
Whal arc advantages of a VAl' if measure ments are still
needed? Not much if one only has a single com ponent and
a single frame : one mig ht as we ll assem ble them and li, I':1I
10 the rcal mach ine. Howcver.once c oe stMts 10 assemble a
databa.e of ",,\ 'eml aClive components and several frames.
lhepossi bililie,star1t otlecomcinlCf('s!ing.. Takefor eJl;ample
a washing machine. Th is is lypical of many prod uCls where
comp lele redesign from sl,:ta tch is rar...y neMe d. Ralhe r, a new
dc:sil,'11 is usually an evo lulionary slep from a simila re>;i51ing
d~-,;il,'11 . Therefore, man y " f lOCC<lmpo nenu in ltle new desi gn
wi ll alrcady exist and thcirvibro-.acousticpropc rtiC5ca n be
meas ured.

Consider the appare ntly simple ehoi~-e uf hu w 10select lhe
opl imum"'a5hingmachine mutorfrum themanypossibi litics
on the market 10 suit a pan icuh" frame? The pote ntia l
ad vantages of a virtu al approach in terms of cos t and lime are
clear. It is less obvio us that the virtu al approac h could ac lually
be more reliable than real prototype s. This is beca use. 10 mak e
a compa rison, one need5 to keep everythin g consta nt CJl;c.:pl
ttle variable ormteresr.L e. in th is case one should change the
motor and keep the frame consta nt. Ttlis is easier sa id than
done : one cann ot guaran tee that ltle frame will be idenli<'a l
hc t',,,,and a tierdisassemtll y. lndl:<'dlherci s growing ev idcnc c
ltlal small structu ral changes Can brillg abo ul 5igniflcant
differe nces in vib ru-accu stic behaviour (sec for c~umple I4J).

Fore,ample, a slight chang .. in the angle of co nnectcd plates
can alla~undrad i ation si gn i ficanlly [ SJ.Onttleotherhand .

using a virtual appr oach one can gua rantee that the frame
is idenrical by u.sing the same transfe r Iuncnon dala , The n
one can list"n 10 differe nt mow rs in naclly lhe same frame.

Nalura lly, the soun d of ttle VAl' cannot be a bc ner lihnn s
lhan the real thing in an abso lute sense Oul here we arc
inlercstooin difference sbeforeandallermod itic ation s, ie
""Ia /i"i' effects, and tl~>re lhe VAl' has someadvantages ove r a
conveeuonalapproach

P..rbaps lhe biggest advan tage of the VAl' appm.1ch is
the insight that come s f« ,m breaking down ttle machin e in
a systematic way . Fill ind ustrial participants In the Nab ucco
projec l lhis was considered the mos t u~c fu l Bsp«1 of the
app roach, T he sys lem alic ap proac tl can pe rhaps best be
illustrated by an example , wh ich is given in the next sec uo n.

A:'Iri [ XAMPLE YAP; A DOM ESTIC
REFR IGERAT OR
The previous example of the base slalion was a relatively
simple one since only airbome eXcil.alion of the frame was
Involved. A refngcrator is con siderably more com phca ted
since the excitation from the WmpfClo"'lT is a combi nat ion of
airbo me. f1uid-bo me andstrucl ure-bomevibmllon.

f igure 2: Source! frame inlcrfoce arnunJ the "'"l'.........
show;ng Slruu u.e·boITll: (SlJj. ai.... 'n,., (Aft) andl l llid-hnttlc
( fB)e,ciLalK:>n nf the fr~mc

Ge nera l scheme for the refrl!:t'ra lor
These excita tio n types can be see n .. 'hen we sub-s lNClule the

co mplcle lTUlchinc intosoUTce and frame. Where lhe "ou ree
stops and the frame starts is sometimes arbnrary, Ii...exa mple
loc rcfrigemnt pipetioouldbc coo sidcred ill bepart u f d iher.
Tu de line the substmc nrres. a buundary is dra .. n around the
",urce(FiguIC 2)sothatal1sound · g~'I1emlingmeehan i,ms an:

inside and what is outs ide is purel y passive. The excuauon
of lhe passi \'c frame is then co nsidere d lohc purc lythrll"g tl
excitaliono\'cr ttlc interfacc. Where lhe intcr faceeuts ltlrnug tl
""lidslrucl urcs. lhce>; cilalioll is cof\, ide rcd l" tlc struel ure
bo rne (Sill in mi gin , where u intersect, Huid in a pipe it i,
llui d·bo mc (fB ). and whe re there is air on the lrame side nf
the intelfa ce, il is considered airbnme (A ll)

T he scheme for the VAl' is then as laid nul ill f igur e 3.
Allhough in lhephysica l prolo lypcthell' is nn ly a sing1cactivc
~'Omp<)f\Cllt. in lhe VAP lhere ale li"' T l'''U rc~.,., wtlich musl be
trealed sepa r<llcly.

NOle that energ )" can be con verted betw een dilTer" nl
fonns on it~ way IO lhe recciver locat ion. f me'ample the FB
exc itationof thefluid in lhcpipc: mu' lhcwnverted lu pipc
wall vibmlion and then inloso und waves in lhe: surround ing
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a ir i nord",r l"bc'bc'ard ~ l(hcli'('.'Ilcrl"Clll ion.AlIlhe"l:",lf<'CIS

arepvupc,J l"I!"' lheras FBsou n"n..·<:au'>C l hi~ i' lh ", nJIUreof

the ioilialucil.illi"".Sirnilarly.SH sou n,Jslartsa\vihrulinn .
but mu,tbc'ra,JiatnJinto lhC"urro un,Jing air lobeh<:ard, lnl h",
Ilt:xlsuIN:diull, .. 'c will oonsidc r ho", each o f lh",cx eilaliun

Iyp"'s i., dea lt wilhin construdiol/: lhe VAP.

Alr bo r nt"!>U llnd
Asd!.·,••:nb cd above. in OId!.or l(I COno.truc l l1l<'\lAP .. 'e n.:..:d
10 fmd I •..,y 10 rt'fH"1 (!f1t It.; cM:iution and Ifl lISmissi"n

mco;;hani ...m.,lnthis subsn:lioa."'''' ' 'll'lSidcrho...lofioothc
dal iollo fill ~kJf' lillC ofboxn in Fil!urc 3. Fllf AR IIOU<ld liM:
"",l con 'JI'o ...,,5heIlr. idea li...:dasavibr.lllingloo't.n:-lun l!
§f:... . ..n: · .ln olhtt"'on.k.we~t the lnlCthcll bya

cumb iRi lion of .. JnOnI!pJk 100 three po:rJlI.-nd N:ular <!,poles.
'l'1lnc motiuns can be nlr.lctcd from the rea,Jinlls fmlll six

ac<.:ckrumeun JK'6irioned (Ill l he poJa of the thr« princ 'PI l
U~. The IlT("n)!lb of the rnonop<>Ic is giVC1l by the .\'cnge in

ph;!.w:oul"' .rd .ccelenlion·

Q_ .,......-411rJ (A I -f-A2-f-A3+A4-+AS+A6Y flj... ( I )

"'he re Q-... is liM:soc rce SII'CfIg'lh oftiM: m.. ' ...... ,lc. A I
dc.~ t!M: radial.ccek:raliom..~islh"'rad, ... of liM:srhe re
and W liM:radIan freqllL'ne) '. The serength of the l" direction
dil",lefJ " IS proport ional lo lht rigid bud) ' l ecc lCl'lllion in Ihc

l"dlrcchnn. i,e.

(2)

(sim ilarly li'r y and a). We cnd up w ilh four fn:'l "e ncy
spoeclrarern.~linglhestn:ngthoflhemlmo(luh..andlh"' thre",

dil",l e.
Th us. lhe All sourc e strenglh is chara cterised .. ithou l the

ne.....d 10 I'C'rfnrm any ltCoustic meiolsun.'11l<,.'lllS. This indirect
mca , un:men l hJ.s several ;,u,han lag,-s ovcr II convennoe at
souoo po.. .....rreaseterrern, not k..astthat the mc;L~u~menIS are

ioIlmos t cumrJ<::tcly immune 10 badgrouoo 1lO1!lC. The use of
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four <'quivalcnl elcmcotarysollrccs is 1I1somnre l ecurllie than

llsing thc '-UmpI\">SOfsound power. beca use til<::SUllOO(lOwer
is not an invarillnl ~ualllily ",hen mere are reflc.:tinc , urfllC'CS
1100 cavi ty modes in lhc ncar ficld of the source . For el:amrle.
a"ti,~ymmetric modc1 coop le well with a dipo le wilh lhe ... me

al ignmL"'I.liM:rcby .mpllfy ing itscontri bution. anella:t t lut i~

noI at:COUIIted fOl~nll asouoopo"Cf"PPJOllCh

N U l "'".~ the Inmsm i....ion fmom the comrn-'SS«
shcll lOt hc«I.:-ma1rc«i\,CTIoc.tion. Thi s isrcprcsC1ll cd by
Innsferfu D(1K,ns. (>fl(; 1'01eao;h of lhe four<'qu iulent 'lOUrtt!o
TlIe «I~I !IOUndpn$.sun: (dUt'IOAD l.':..citalion l l' lhcn

gi\ o:nby

PA D'" Q--..n.... -+~H\-+ DyHy+Ihfl L (31

",Iw:rcH",,-.pok is til<:: uansfer fllDClion fOithe_'I"'*
and H", cte . 1',.. lhe dipoln

The transfer funct ion H_.....1cCOI1nponds10 breath i",!
o f lhe rom r'"-.. .. she ll , It quantifies the c",,,..rna l ...,.." d
pressure po:runit volurnc ~'l.'klCity of the she ll, (the ~'olumc of
aiTd. spla<:'cdby thc brea lhillllpcrcycle. givCTlin m' a·I). Tn
measu re thi s tra nder funct ion cu nl Cfll ionally " 'e would eeed
10 I'C(II lI<.'C thcoompr.",..... .heU with an idcal;~ 5f'hcrc of the
same si~e, r ulsatin l( with a kno...n volume vcltN:ity. aoo to
meaS\lre Ihc soun d pressu re at th~ exte rnal rcceiverpositiolls
However, n ;~,J i Hil: u l t or impossible to per lin m 1,·,t s in thi s
way hecau uf limited ' r ace wilhin the c~v ily where the
comp te is h".",:d There is also the diflkully ol',lbtain ing
a sul tabk .. wrce . Inslead . we mak e usc of the principle of
aoouS!lerccirroc-itY If>I...h,orebylhc soun:", aooretti VC'T
posilKlllS arc interchanged . Tht.,-.,fOlC.we piacc I monopok
al the externa l receiv e- I"",ilion and measure the a,crage .
in-ph ao;csoun d pressure ove r the sUlla~c of the shell. This is
dnnc by rl aclng microphono.."S closc 10 the surface, at the SlIll1C
1"",.l ionsas lOo:rc pt't"oioobly U>oed fOl the ac<.:ckromc-lcrs.

The !lllllCm~ .-nngo:menl can be ...cd lO«ttao.1:
tho: l" . Y and r d'rok lnIIsf..T functions. but I'll "",, than the
in·phase pres:su~lOe uw the dilT.....cree in (Il'bsureoflhe
micn >pOOnnoo r iolCh n is in ' 5imilar", . ylO C'\{Ultioa (2 )

Fluid-horne sound
TlIe (rid ge ...... one of,,", products snodicd in the Nabucc o

pro,iec'l ",hen: fluld·home ""so: I'Ift'ded 10 be Illken inlO
aca.ount. The nthef " a' I ",'.!.h ing mach ine .. ilh a pu mp
Fur ru mp!o. it is u'Ull to ( haract erl sc t"" 'IOUrttby I'SOO Itt
streng th' and a ' '''' url;e ,m(lCdarK£ as dcli, ,,..d in ISO 10767
(19%) Ilowevcl . lhis sa lOt' am mgcment cannot be easily
adapt ed to th", fnd ll<' c<>mrrcssor. One of the rc",son s is lhat
the n:fri~cnnl nuid un<k~ changes from li'i" id to gl~

pha<oe~ as ;1 pa,-<C'!lrou nd the pil'C'cuccu. Conse"'Iucnl1y il~

pmpertic..., ....al,c,l'«'d in pal1iCular.alp nypoinl indoecireu il
are un known. The mea, uremen t "f so"n,-e impedan ec i, al""
problematic, even f'<'r sl":cially ..~u i l'ped tnboratonc s, and
even more so torin<1usITi,... with limiled time and resources .

Fortunalcly. I I ,mrhfical ion"' nspossi ble inlhat thc sucl it' n
pipc ....... tnl'lu11Orl wu found 10 be neg ligible. The qUC!ltion of
how In eh araclC1"151;the com rressor liSI~, indepo:nd..·nd y.
of rhe frame still need......ca reful con sidcnlion . Since lhe pipe
is narrow oomp.1rcd ",i lh . wa\ 'clcn gth. wr can as... me plane



....'ave prupagat i"Il "lll y in th.: pip<:. Th<:pressur e pulsa tion s in
the tlis<: ha~e pi l""are then l1latl.:up o f th <:sup<:rpos i t i on ofan

outgoing and a re nee ted \>,a ~e (tl".: ter ms ' pressure pulsation'
or 'pressu re ripple ' art' usuall y used by refrigerant enginee rs
....here acousticians would use the ter m 'so und pressu re').

The strcngtha nd phasco f thc relln ted wavc are dctcnn ined
by downstream di~ontinuiticsand ar<:thcreforealTect<:dby

the frame. On the other hand , w.: ca n reasonably make the
assumptio n that th.: outgoi ng wa~eis det.:nn ined on l y hy the

source and is independent of the frame. The inde pend ence
criterion needed for the VAP "a n then be met if we co uld li nd
th.: amp litude 01" the outgo ing wave.

The reflected wave cannot he physically remov ed
However, it is fI<lSsihletu rcmuve it using appropriate signal
proc ess ing tec hniques . It is well know n that using lWO
pressure transducers in a waveguide one can obtain the
amplitudes of the outgoing and retlcctcd wave s, provided the
wave speed is known (simila r a lgori thms arc used in two
micro phone impeda nce tube measurcmenb to obta in reflection
coefficient). It turns out that if a third transduc er is added
then inc wave speed (which remember is not known for the
refrigerant fluid in this case) can also be dedu~x-'d . Therefore,
the measurement rig adopted eon sisk'd of three ~'<lua l1y spaced
pressure eaasducers in the disc harge pipe. The.ource strength
of the compresso r was then characterised by the arnphtu dl: tlf
the outgoin g wave.

In order to mcasu re the transfer funct ion , the soun d
pressurc due to FBexcilat ionwasmeasurcddirectly. ln ordc r
to do this it was necessa ry to el iminate the con tributions
of A B and SB soun d. Th is was achieved by running the
fridge from a com pressor in an adjace m roo m (to elimina te
AB co ntributions), eooncclCd " ia long pipes ",i lh ne~ihlc

5«tions (1Oremove SB co ntrihu lion s). Notethar it "' lL~ al....
n~'Cc.-ary 10 measure ~imullancou. ly tt.., s"urce stT'C'ngth
This is becau se the tran sfer fUOClion i. dcli m.... a. the ,mrp"l
[external prcssurc) pc r uni t input (f R sou rce sln.'lIgth inlhi.
case), so the strength of excitation mUSI be known. The soerce
strength was measured using the three pressure ea neduce rs as
described ea rlier.

St ru cture- ber ne sound
Having loo ked ar Ali and fB. the fina l contribution lo oonsider
was the elT"",t ufSB so und from tbe r ipe and the feet . TIre
so urce ,lrCngth pardnwter for the pipc was defined as the SUI\I
of "'luared vibrat ion amplitudes in thrceurl h" g"nal direc liom•.
The tee t were treated in asimitar "' ay.

These sourcc strc ngths eoultl l>eOOtained hy atra nsfnrnlati " n
of the six vclecity mcas urerncms used to chara cterise theAB
Stlundsoureestrenglh,Thus.noad<lition.almeas urement swere
needed to obtain source st rength data.

Transfer fun cti ons were measured using a forw ard
tech nique in which a fnr<;cwas applied to th.: end nfthc pipes
from a shaker thmugh n fnreelransducer. The rcsu lting sound
pressu re was measu retl and then dividcd by the force input to
obtain the sound prcs.sure p~'T unit force . The force was applied
in severa l different directions and an avcregc calcuhne d

It should be noted that the represe ntat ion of the SA
excitation and tran smission mec hanisms was significantly

Acoo s llcaltu&tralia

simp1crthan fur wm e otlle r ea....'Shccau'>Clhc re .....as alargc
impedan ce mismatch bt,.1w een Ihe pipe and thl; shell. It was
then posviblc to assume tha t the vibrat ion of the pipe wa'
the same lLS that or the shd l. i.e. thar the t;<.ll1lpn."SSOt" was a
velocity source with n:>cpt."Ct iu the pipc. In gene ral ho .....e\"er.
it is nece ssa ry 10 include an il11 pcda n~'e or mobility matching
step 10calcula te thc euntad f(lret.'S!!>t."C f" rexample [7j},

Wha t the customer hcars : combining AR. SR and
FRc untri hutlons
Having obtained source strength end trans fer function da ta tor
AA,SB andfFlexeit <ltiootypes, the sound pres.surcspcctrum

oJue llleaeheouldbecalculaleda nd summ~'d tol':ctherto prt.'dict

theoveratlextema lsllundatthereeeiwrposi tinnaccurd ing
tu the scheme of fi gure 3. Th.: Sllund pressure spectrum tor
eac h case is shown in figu rc4. (TheSBcontril:lutionthn,ugh

the fee t was re1Jtivcly small. SI' only thatthrou gh the pipe is
shu.....n)

In Figurt' 4. for each exci tation type a harmonic series is
ev ident, wit hs trong p<:akaat mulliplcs urthecompn.'l\sl. r spt.'Cd
However, the spec trum sha pt.'S arc s i~ni ficantly different
The AS ~'Umponen t, which is ,",um inant in lenns of dB( A),
c" nla ins a wi<lc range of frequenc ics . The Sf) ~'Umponent is

prcd umin alllly low ft'C</uenc y. ctlns isting ora rapidl y fatling sel
ofh anno nie5, The FB compo nent co ntains stro ng peals up ttl
about foOO Hz, and thc envelope of tire pea ls has a pronounc ed
bellshape be twc....n the st.'t:ond and sixth hamlOnies.T his sha pe
""ould be caused by a resonance . probab ly son....where in the
pipc ci rcu it. and is signifll.'llnt in tem lSof sound qual ity as will
be disc ussedlater,

AISl,.how n in Figurt' 4 is the oombint.'d 6jX.'<:trumPtotal.
.. hlch " as cakulatcd a,,-wming the AB, SII and FA " M.JIld
prC'S'urecootriburiolL~(PAR, elc.)t'lbe ineoherem, Le

(4)

In throt)' . tile sqwate AB, 5B and FFI COIIlribulions. art:

~'t,It..-"""nt beceu-e Ihey ultimalely co me from tile same source,
the.'tlfllprcswr . Howeve r. in pra<.1icctl1etransfer palhs for each
arera lherd ilk re nt. and lhercla th 'e phasc with wh ich theyarri\"e
al a n.'Ceivcrpuinl w ill varydepcndingon tbc prccise location
The pn.'Cisc spt..'t.1l\1m shape w ill theref ore vary with posinon
In practice, this ell l'ctcan be hcard by in a mum wirh a fritlb'C
hy moving the head amund slight ly: Ihc sound can be heard to
vary percepti bly from one pos ition 10 anothcr due lovarial ions
in phase, However, these differences arc not significan t in
t~'TTTIS of s ound quality , so the incoherent averaging represents
the combined effect at an ' average' position and is reliable for
aura lisalionas,,'i lll>ediscussed larer

The brea kdow n give n in Figu re 4 allow s the des igner

to perform a convent ional milk ordering by comparing for
example the dO(A) level s associa ted with each exceanontype.
Th e contri butions in orde r of importa nceto lhedB{A) leve1 in
this case were AB, FB. SB (pipe) and SB (feel ), As all noise
control engineers knuw, a nmk ordering is the first esse ntial
step to des ign ing effectiv e noise co ntrol, so the ab ility to carry
out rankorderi ng is an impo rtan t function of a desig n too l.

As well as being used rurrank ordering. the value of the
above spectra can he extended wnsiderably by aura hsing
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the results. The designer is then able to listen, not just to
the combined effect as with the real prototype, but also to
individual contributions, perhaps to identify the source of an
unpleasant feature of the sound. The techniques to achieve the
auralisation from frequency domain data are discussed in the
next section.

~20dB

o 50010001500200025003000

~~ ,= ,~" ~;',:'1

~~"
Frequency.Hz

Figure 4: Contributions to the extemal sound pressure from
AB,SBandFBexcitationforthefridge

AURALISATION: LISTENING TO THE
VIRTUAL MACHINE
So far, all the calculations shown have been in the frequency
domain, in the form of narrow band spectra. This is a different
situation to that described in the eoncert hall analogy described
in the introduction. For the hall, the calculations were done in
the time domain, the time history of the source was convolved
with the impulse response function of the hall to obtain the
modified sound.

How then might we be able to perform the auralisation
starting from frequency domain data? Naturally, any spectrum
can be transformed to the time domain using Fourier analysis,
but there are two problems that must first be overcome:

• thenumberofdatapointsissufficientonlyl()ravery
short time sample

• phase data are missing.

Considering the phase issue first, we recall that sound pressure
signals recorded in the real world are real functions. However,
when transformed to the frequency domain, a complex Fourier
spectrum results, i.e. the spectrum associated with a given time
history has both magnitude and phase. If both magnitude and
phase arc known, then the time history can bereconstrueted
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exactly by inverse Fourier transformation, However, the phase
will be lost ifanykind of averaging is carried out on the spectral
data. In the example of the fridge discussed earlier, the most
effective source strength for the SB component of excitation
proved to be sum of the squares of the vibration levels in three
orthogonal directions. During the summing operation, which
effectively is a sum of the energy of the vibration in each
direction, all phase information is lost. The resulting spectrum
for SB sound therefore includes magnitude information only.
In some cases it would be possible to retain phase data, for
exampletheAB source parameters and transfer functions for

the fridge could in theory all be measured as complex spectra.
However, in practice, retaining the phase information creates
measurement and data handling difficulties, particularly for
medium technology industries that are the intended users of
such techniques.

Therdore,wehavetoacceptthatwewillnothavecxplicit
phase data for the auralisation. Fortunately, and somewhat
surprisingly, it turns out that for steady state sounds this is not
a major drawback. Such sounds can be auralised by assuming
the phase spectrum to be random. The phase spectrum is
therefore generated as a sequence of random numbers with
magnitudes in the range 0 to 21t,(except for the zero frequency
and maximum frequency values which arc sctto zero). The
resulting phase spectrum is then added to the measured
or calculated magnitude spectrum before inverse Fourier
transformationandplaybaekofthetimehistory.

The question of the length of the time record obtained is
noweonsidered. Narrow band spectra do not usually contain
more than 3200 frequency lines, and sometimes fewer.
When transformed to the time domain the sampling rate is
determined by the bandwidth of the spectrum. For example,
fortheti'idge,thecalculatedspcctrumextcndedt06kHz(only
the lowest 3 kHz of which is shown in Figure ). Because of
aliasing, the sample rate must be at least twice the maximum
frequency, i.e, at least 12 kl Iz.The 3200 samples will therefore
produce less than aquarterofaseeond of audible sound,
which is insufficient forauralisation. A short sample produced
in this wayeould be lengthened by looping, but this usually
creates an audible 'looping' artefact that gives a misleading
impression of the sound.

The solution is to increase the number of data points
without increasing the frequency range, which is done by
interpolating the magnitude spectrum as will be illustrated in
Figure S,

A linal problem to overcome is that the spectrum should
hc doublesidcd for inverse transformation, whereas so far we
have only a singlesided spectrum. Therefore, one more step is
requiredwhieh is to add to the singlesided speetrum an alias
spectrum, oraref1eelionofthe spectrum with reversed phase.

A procedure fur auralisation of steady state sounds is
summarisedinFigureS .

Interpretation of auralised data
The results of aura lisat ion on the fridge example from the
previous section are quite revealing. The AB component
sounds as one would expect a fridge compressor to sound. The
SB component sounds like a 'low hum', although the higher



Figure S Th" ""4u"m:e"r''f'Cnll ionsforaurali''' ti""
from a magnitude . p"" trum. n,., . """I,\" n i ~ interpolate'"
ret1«ted, randOfl\pha"" i. oc4kd and thcco mpka . """trun,
i,tran,formc dlOa time .i lln.1

harmonics are etsoaudillle l!iving . ligllt ' rattle' to til" sound.
The FB compon ent give!<a prun<lullI.'<:oJ 'bo xy' tone to the

sound .... hichonus o...n.M>Undsfa" lyunnalural,Th isfeature
is 001 part icularly noticea ble in lite comll ined soun d, being

masked by Ihe more oJomirwnl AB c.......p..ncnl. Howe~ er,

were thc AD <;<1ITIf'\lIlent 10 he reduced th" n !he 'bo"in"",,'

...nuld become aUllillle. Th i~ ...,,,rwrio can ee sim ub lc'd fairly

easily orce the data are avaib blc by simply adj"" ling the

leve ls before comhining Ihe oJilTerenl compcll\cnts. This lel ls

the desigO<'T 10 be ,,"'ary : a de~ign modiflCalion Ihal reduces

the relative conlTilllllion of the AB componenl wo uld make

lhe 'boxfn ess " mo re pronounced, which may or may OOtbe a
dcsi r~ lllcfea tllre, 11 is even possible tbat a reductio n indB(A)

could result in a SOllndlhal is subjec tively louder,

Some applica t ions or VAPs
It bas alre,uly been mentioned that one of the ma in uses of

VAPs is I" r comfl<1ri. on o f differe nt active compone nts in

the same frame. An exam ple of comparing washing machine

motor s is given in Moorhousc and Pavic [6]. In this section

some other types of compariSOil are considered

Modifications to the fra me
Another example from a wash ing mach ine involves modify in¥;
the: frdme hy removing a small amount ofthc acousucally
ah"' lrptivc lining from in"id" of lhe cabinet . The conventio nal
method 10 qua ntify the change would he: to run the machille
before and after modiflcatic ns and to compare the mcas urct.l
sound I"'weror pressore. llow evcr, evenwith asophisticaleti
motor contro l system it is impo...,i hle to guarartlci: identical
operation of the motor lo r both tests. This i ntrod"",~ an
un~-.:rt.a inly into the results such tbat differences of lhe
ortkr of ] ·2dB ~..,.,ld not be attribut ed with certainty 10 tile
frame modifica eons . bot cou ld equall y bc due varia lions in
lhe molor. On the other hand , using the YAP aPJ'roach the
frame performa nce is qcaraified using transfer fullt.'lions,
which aremea-~ured using acontrollcd "O\mdSllUrce,aoo the
reproduc ibility is cxrremefy good . f)i fferenc~ ofup ln 2 dR

in the insertion los. of the wash ing machine cahine! we:re
observed at some freqoencies . lmportanlly, a check on the
reprodoc ibilily oflhe results produce d t.....o cwve s thal ctllllo.l
not he:distingllished, ewn on a narrow b.and pl<'ll. This means
thatthe 2dfl diffcreflCC.'S .,.. n cl early ~ altrihlltcd lot heframe

mooJifications. The YAP techniques therefore !" ow In t>c
rather II ' sharp instrument' caf"lhlc of rdia hly mcasnrillg small
diffe rences in performanc e. As designs h~'Come more: rt;:1ine d,
differe nces of one or two dB are becoming more signi licant,
SO the capahility of being able to measure sma ll dUlIlgex is
b..:comiag more and more impon anl,

Listening to an Installed mutor under Iliad
Thc second applicat ion al"" ;nvolves a washing machine.
but in this case the objective was to aurulise thc sound of the
moto r inside thc frame when ope ratiUIlnl1derrea listic loading
conditions . This sound cann..,t he recu..dcoJ direc tly osing
a phys ical prototype. beca use the load itsel f (thc was hing
machine drum) ¥;enerates noise, whIch would contaminate thc
R.'CoroJiug. ln keeping with llle pbilCKOphy nf YAPS. lhe data
oblainedforthcmutor shouldbc irnkpeooe nl of lileframcand
otherso""ecs ( hke liledrum) suchi hat tiled ala are lran,femhie.
Thcrcfore, lhc approach wa, rake:" of chaMtClerisingl lle motor
by measurement s on a separate I..:"t rig. The source <i1ta
oblainedwere lhenco mhinedwi lhmeasoredlra", rerfu rtoCtions
for the framo:10 pred ict the external sound. Both AB and SR
sound from the motor were significant and had 10 be included
in lhe YAP.

Init ially II validation test W;l~ <;<,,,oJo,:lcoJ on an unload ed
motor. For the:AB comp" "" ul. the ITlOlor was rcpn:"I:nled by
an equivalent monopole whe,st' volume ~'eloci ty was back 
calc ulated from the sound power ofthe mntn rrunllillg in free
field conditions. Tile tl'lmstc r function s we re I\lca~lIred by
a reciproca l measurement procedure, in whic h a calib rated
monopole source was place d outside the frame and microp hones
wereplaced prec i ~ely insi<ka t the:posilion of the motor,

HanoJling the SR rcmponc m was considerably more
cnmpltcated. In tile frid~e e_ample given above. it was found
that the vihratinn "fthc cnmprc ,,,or shell was not affected by tile
attachcd pipewutk . However, in this case no ,nc h , implirying
assumption could be made since the moi or velocity was
significantly allm:dwhcna ttaehetl ln thcfrdme. lt was therc1o rc
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necessary tu include an additiona ll>lcp in the c~kulalion w
acco unt for thc ·mob ilily nldll;hintl·l>ctweell " ....r.·e alldframc .
Th i ~ step i~ analogous 10the i l11p.:danc~ l11~h:hing of impe..-feet
vchagc sources withalo ad impc-danc<:.bll li ~ consi dcr.lbly "'ore

involved hoca,,,,,, f,...., f.-.:t we n:: involved, each with vibration
in thm: pt"rpo:ndieular un. A desc ription of tile pr ocedures
adoptcdeanbe foulldd_ IM.-n:[lJ

Tk SII :00."'....re slral glb ....as in it i~lly take n as the Irce
\·e loc ity (i.e .tho: VO: ..lCily~ttho: fc:etwilhlho:m()lorMlSP<:nded

00 wry !lUft spring,s}.Tk SBI~lbfo:rfu""1 iollS .. en:"""",,,ml
using .r'C'Cif"'lCll l tC'<:hniqllC .. ,ilh soc-.:IcTOI'llClCn .i.llachcd tn
thl: f~mc al thl: molD( wntaet ~ilinru;. Tk ~ppn:>acb wa~

validal..-d f",anunk>a<kdmot",bycOll1pannllmc~and

pudie,, :d loOUnd pn:bUro: k vels (nhdah oo for the Iwdcd
ease is nol l" .....,bk because o fnoi'<C gcnerated by the load
as Iksc rib...d aM·e). Tbc agm;mcnl i. g....d ever most of the
frequo:ncyra• • thc on ly sillniflC.llltdlscR."I"lneicsoccumng
at 10¥0- frequenc ies dl.lt to crron to thc pred iction of the SB
..... noJ conltibut>on.SUChditT.~ arl: ~mon f.... lhist)-pe
of ca lcu lat ion and probably cannoc be o:limi~cd CUQlpktdy.

The nnllolC'J'''~ 1000Can.!nJIUdaUifOfthc '-kd motor .
In onkr to K h"=,-,: th~ • ...,xU1 k'Il rill 'us o:ons1nJC1Cd to
...hichthemocur .. as attKhcd l rigid>l«lbIod.Ulcm
klOldingoftho:moI,... shal\ -trio:\cdbyloadingwirha
belt al lhe "",me tcnsiuonu in the real mach'ne. Torql.lt 1oadin!
.. 'n.,hie\cd .. ith a flOfl-COOtac1 cdd y o:tll'1'flllbrake, tho:di sa;
" f .. hidl rould be moved furthn al'l' r1 or closer ~o:tho:r to
d.:crcaocOl"i,.;rca.<octhcloadong.

TheAD sou," .trmsth under klad wa.~ obta ined wittl ~

'IOUfId ro-er mcasomnrnl from ,,'hich the \-DlulnC'\dociry
0( the nll " \11kn! monopole .......u ..'as cakulalC'das brfore
f nr the S8 soe ece strmgth. Iree ......Iocity «",Id nolongcr
be uced hcau~ the fM were dfn:li\e/)' blodcd by the
m<lUnting bloc k. I......o:ad. lhc bIocl<n1 fon:¢ ....s uloOO. i.~. the
force exeno:d by the: mol'" on lho: b""-1<. Tbnc foro:o:s were
mo:a,Ufcd "Il h f(lfU tra n....ucO:BIoC'I inlO lhcmounnnj!.b Jock

~t ~ach fOOl.
lnh:rest ingly. the lorq uo: loatdinl! I'f'"ed to mak e bnle

dirrcn:1l<.·~ eilht:r w lhe All 01" the SO source SIre"fI!:lh. On
tIM:olher hllnd. the bt..,-dl loadIng by tile bel l signifICantly
illCTC'8.,c.J th: SR!iOlJf\:C ~t'l'ngt h n ils o:ou ld be d..... 10 lhe
e" lra\lat;o: load ..." bcaring s.andlnrdlsl(M"lIOllof the motor
C&sing duo:10 the lalcral In"d

Once tho: sou," !;In.-nglh d..t~ ......n: ohcained . the sound
P«'ssure lnel af(l"ndthc ~inu. I ....,. \h ing machillC. a.s "' cl l as
its sound I"IW~'f. co uld be calcula t...t in the VAP. 1l>c n:"uhs
arc shown in Figu re b. The upI"C, plol . hnw. lhc "" ond I"' wc,
leveloverth e IO kl l/. ranlle, and th....low rplnlgi~ c.lhe same

data but wilh a roo m .m llie low ....r Ircqu ncies where the Sll
co mpo nent is more .ign ifi ~anl. There are some diffe rences
in tbe spectrum. with so me peak, chang ing in level. An
interestmg chang....i.the l"rt."<lu~rlCy sh i ft oflhepcak alamund

MO HL, wbieh is lhou ghtl o he d.....to modifl.'lllions in sl i fl~ss

ofthc molor cas inll duo:10 disto rtio n by lhc load
Th e effect 01"th... 10000rnil nn the aura li'iCd ,"o" nd "In

not strong; in Iact th... d ilfe....".'<S bc lwec n lhe: load.'tl and
unl"" ,k -d ca....... "' ere hardly derectablc by ear, parti cu larly
al hitlh running speeds. Havin g ea rne d oul thc exercise on e
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would be fairly cenfldem a!>out using .. wrce data fmm an
unloadcd mol"r, wl'l1ch nalu,al /)' ,ill1p1ilk-s t hing~ . i llniflCantl y.

Howe\ cr. thisfl.""l.U II Was aowrpri sc;a much la'l: e,~ff.'Clhad

bccnanllcip.aI.'d. and onewou ld notha~o:lleen so eonfo&.:lllal

Ihe uutscl .lt should be eml' bas iKdlhal . com ri!oOl'loftlris
so rt co ukl oil ly he made using I VAP. 01 ",m imilar \'in ua l
approac h. because: Ihe sound of lh....insu. llcd molor runnin g
undc, load . bill IKe from other lOun<ls. c~n"'" be ~alised

physically ,

f;~ 6. COf1l~ " r(ao ac..Lmd) _ no!~ k\ cl
f... 1hc 1<>Wed(......odhnn l .... loadrdld..ncd 1-.) _
in>lalIod lhc wt •• ,'>a!lRIChonc rn.""'deoo:ri hedin [XI
l lwcr pU ; IOLH.I...,." '-tt pl,,t _ oa l kill ransc
( .l\er rrl I91 ~1

CO~CLl:DI :\G Rt:.\ IARK S
The aMe uampln illn"'ra le lhal cnn~idcrabk wphi\tio:,ation

is ~uircd to aura li...... tho: sound " f even a fairl) ' ''''PIc
mac hine. It is also clear that. 10.. the time bc i" l!-I I lenl. ~

VAl' can not be pure ly ' vin ual', bUI will nC'<:~ri ly inc lu,k

"'''Il<.' meas ured dala . llo .. e'~' lhe a<lvan lall-e~ of the ~inu'll

approach an: many. Otw ious a<I~an lal(c"S ind udo: red ucing
lho: C""1 and t im... ........lCi3r.-d wilh cn nslrUcti"8 physica l
1'''>I<''YJln . Less oh, jousll<l'antab'" include the <lbsen-alion
lhal the co mpo nrnb of a VAP can l>ce~acl ly reproduce d so
th.almon:preci"" COlll l'l' ri",,,,, clln be m3dc of lhc dfCClOf
~ .ry ing on e dO:l11C1lt. such a. a motor. Tl>o: aIM" e n~mp1... of
the l oadcd mOlOr ab(1 ma kCl elea, that ..,nlC .i loa li""" c~n bo:

conslructed in a VAP l hal cannot be n:ali ~ed phys iCll.lly.
Th.:ro nn: two main I\llva nl,~gca to the desig ner. Fin-t ly. t!>e

preces s of'consuucunga VAl' p'lw idC'!l a systcmauc framewor k r...
uoden-tanding how ;md ...hy lhe mll~h i nc l1lak<:liihc .o und rh~1 n
docs.S«ondIy. aUJali""l ion isa fl<>wcrful loulfur ~ommul\icat inl(

ideasabout acou.~ti<:s. In lhc Nabuccu pn \i<,'\.1 il t>..'>.:amo:e" i<!em
j w 00-...' murn dittno:n...-.: rl nlil<lc\lI fl{lII-"f'Cl:ial i~t, like m:tnaltC"
and accountanl s to bc;obk:wllCar thl: WtllkI ...f the machine . s
opposed 10 ha" ing il desaibcd 10 them. Th is ub:<coalion make..



clear that there is a strong potential to improve understanding of
acoustics issues throughauralisation techniques, but at the same
time it also illustrates how big is the divide between specialists
and non-specialistsat current state ofthe art.

Acousticians in various sectors - buildings, automotive,
transport, consultancy, etc. - are increasingly becoming
awarcofthe potential for virtual techniques andauralisation
in acoustics, and VAl's can be thought of as just one part of
an increasingly wide movement. In the future we might see
design drawings accompanied by sounds, and consultants
reports routinely including computcrauralisations.
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WH AT ARE WE DOING ABOUT EXH AUST
NOISE?
I\ C\-iIIc Fletcher,
1I:.....f('h~h l>U l ..r r h) . iul s.:kn ce. a..d F.nll.ln...rinll..
Au,lrallan Nalional Uni,-eni ly.

One oflh r more hurusive noises heard in most d tics is thaI
produced by the exhausts ofv'ho ucd up'tc ars and motor cycles .
Some \,1' the worst e' amples are large motorcycles of lhe
I1mlcy Davidson type, small high-revving molnrcyck,s, aod
elll'!ilhal ha.eb<...:nfittedwilh larj!e-diaffiCtermudilicd e:\haust
sysla ns, An nf lhcseca n(arwio ftcn do!)prodw :e nui:;c lcvels
greal ly i " c .e""s of tholit: of bu~'5 orhc8vy trucks. and llu,:

bih"liusually carry only one pc"",n. Istllen: "",methillg that
lhe Society can arwishould do?

In the JulylAugllsl 2005 issue of the NRMA magazine
~ 0J'<'n R<JaJ lheir x ew Yehid e Evalualion Sped ahst, Tim
r ummy. is quoted as saying -ne whole aim [of lllOl.lifio:d
e:\hau, t systcms! isto re<!uce lhcrcslriclion in lhc c:\hau' l lo
mll, imise pcrfonnanee.b ul lhc Tealily is it doeso'l deliver huge
gainsa ndi l·s morc al,oul noise lhana nylhingelsc . Whal's lhc
usc of having a V~ ifit doesn't have the noise'! It's l""rtlya n
ego trip, partly pcrsonalily and partly thes hnw.o lTfaetor." The
cfTectis lhen grcally magnificd by lhc "hno l1"habil, of lhosc
olrivinll lhe, e vehicles, who like to usc maximum acceleration
when"wr possible and 10 produce muimum noise

According 10 the article,lhe currem statutory limit for
exhaust "" ise is 9OdH(A). and Ihi'! has 1101 been reduced for
ma ny )''''' ", [ n addi l ion. Cllmpu l sory ~ "hiclo.: i n.p.":l ioos ha\'e

now largelybccnarondoned. so lhalllt>rl..<;omplyingwhick'S
a~noIidell1 i lied",,-ceptb)thcirlllng-suITering ncighbours.

Is it perhaps timc Iorihe Socie ty 10 pressure government
agencies 10 unde r take mnreran.t"m roadside noi-e cbecks?
The procedure fm such d lL'Cks is nOI complex. bill is il
currentlyadequale? The cost of sound level m..rers of
adequate sensitivity and acc uracy is almost trivial. Perhal"' it
is a l so tim"' lo li gh lenlhe noi sc l'm is~ ion standards by artltlnd

IO dll -surely acoustic muffle r technology has progressed
in thc past twenty )'cars! Arwiwhile wc are about it.lel·~ do
something aboul cxbau, t noise From lawnmowers - a mower
I3.led '"7 5 d8(A )"is ~t iJI awfu lly luud!
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and [)a rid .. . lk.... ..,~ .... inJ"' lhc
J'!m'ho ... ofTlnSCl m .II:q: ...etMand<>rn..n 1
Sttnury. TMotkrCou....ill"n an: CharIcs
no... Norm BmMr . I... 1l,lk>cl . Co lin
Sl'Qlman. P"el"T~~.M .. o.o..llarri"""
andA"'~ l>unaon

Ftna ncee
Tk C......,;j 11M _ of .. _ _ and

rdics ... lUndIItI ltw"'"-. nos
Ialn Ihc bm of. b -y Ul lllallbmhip
~~"1! ~...rW
__..... . t.6. _ ol ..DrI_

Frum w. incomc: ('.u>ciI~"' COOI oi

runmng ~ Soat1)r ."""'''',~ror

orpnir.dion_h .. l-INCf1 1(:A andf~TS.

___ t,~ LA......... C ~

fCn, IIIR1IfII'O. tIC. A C1llp)' <Ii 'Wl<:ldy
r lftallciolkcp:Jrt ....~~ __ed

... lhc~' ..1.'h.iw

Tllis ,....- C_ d "-lodd lhc ........ 1II

1Ilc ......., 1c-u:l. ..... re- . ~~ ..
tol.......·•

· 1\ 1e>'Y... lII<fIto:nhip..n..'Tip.iln.of7~

• AlNyor S% on l);v .. iom"""" ....<cISheld
a1 tbe rnd"r lk fi... "",ialY"a,; and

• 1\ 1Ny0ll 1k ..... "w co...fel"\.......,"f I5%or
"'lPSIraI. ;"" f«!,

:\t emlK'n hip
\l~,p ofthe SOCidyhas~

dunnl! lhr ~.. t..I l"""" a"' lIIill _y
ICOOtlolkiaM"ho do noll ho:l.... 10 I,,",

Socie ly. M.,.., bt-n . ", ..l td 10 <'nCO.'UIUg<"
lbci, colleal:"'" I" joi ll I"" .so.-:icty, Th,.,."
1la< ~a rall ,n l~" numhc-r or Su slaill intl

n-..ml'l'" " , ·.,' t llc-I" lf.,,,, yn,.

Coo"",il bllSa", ank.'tllhcllJlldcof t·dl "", 10

()r l'l:"" S..., I\" 'lh IMf,~lo",illl! "i"'l;on

VrP'·h"Swiftltw" "" " otr"" lonIlV'nonl
of 1""J<Tkr "'. 0 CQf<."I,,"'If .~ , ,ora/
br,(."""'. ... " .",Ji" JI " ,. ..."...,.lyJo., ,.,
Tlo<> i..."..... " .. I,,' ''f'''''''~·'• ...,/ I("It

h,· !r.t, Jt...J •." ,r """ ......IOT_'" I..
/i '·/ilo "oJ.." 'W ,' ....' ,,,.,; 1
h" iltllOfg o'1n'i"' """' ,,.ul nuu .
0,1<1 ';" 1",,", oPOJ " i,1""rl proj ....,•.
iIl .. J --._aJ<I/<Npt'Ot«b.btll1l'..
A• •rNi"' I "',~........., Hu..rvrr. P.......
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ult<m._J ,u_·hforhi.n.rmp!,1¥Y
"..TWtI<I1opt<J1t1ie1i",hepm_i<>ttomd
fW'It'l><Yaf<l<'<lU>'i<':J... hi> ''''f''''.utw
,<,rim"'"m<o/T<""'i<Jor.. H.. ........,_
_,int>ojo, '*""" <-JIt.. I/'"I" ...... ..
.."...... ,.....,..m.r pmf.-. •..."..J -...
...... ""...., oJI'f"':'t:iaI<.J ""-:!"no.....,..
........t>r.. "r '/rr·,O("i..'Y .... " h", ..
""-fiord .lJool"","'; ly fro", Pel"' ~

~ .. ....J...,-.pl... /)rS",lft ~

.......... ",tfw C'fJtk oj f Wluw oj IN

.....- arrily ........nJ.

Ed un lion(; ranl
TlM:,....,. .... ..,\iw:cdi. 2002 ... _ .a ..
Uw: bdli"ll -J J'fU'l"!Iionuf a<nt>f1tS.
TM ",o"·on."n~ "",1rits " ..., ..""""",,dal

Ik l' atio-..... c...r"", ,,,,,, a\ ""-'bon. Dr
R~1ph Jomc-r and Mr Shane {:ham """ ....,,..,
a.. ankd S2.no.OOf.-. . projttl l,'IN ,-s.-
TmTI...._ _ ils Role-i a "' O.t'"""

SlranoJ,np- . \fr Da..id lJoc \l r AI"""
o.y -t M, SIephrn GalId .. """ . .. .o.d
$l.SOO,OO.....arro;.umled;""Our1l),rtctt \'1ly
~.' Ouct Tern'IinahnII-

The Edw... (;qnc .. il l he oonl lloual nn l
y_ _ "'I:<mI~lO S7OOll , l\ D

t>pm1o...,......i«lingfi,md,o"' auia ... IM
lCacl1i"S and pr....-.otionof~IC'I. Thr'

, .... "an l"C.-d f"' schob"j" ..... fundin' for
~~equipmml b-odo<:lIional
~and .., odlcr .. --m.lId,,: """

'\"'ard for O utstaed tng
Ccetrt but lon to At ou stit"ii
l....fint."·..-d .. -as l"fC'C"":d lOr)r~'n"

F1cI<: doonnll I'" 2005 oonk,cn<:c ill

lIu h"" h is ..."ard madclO • ...........".
of IM"""~IO~ntsC .. ~.I."".;'.,

"'.'unhu'ionlOw .....""""'....-nlt>f a.<ul,lfiif;l
andsi¥JIir"""'I """'icc: lOthe",,,,~,'I"'"

a .. ..-d cun\Ms Or . pLaql>C. lhe cmtoflra~cl

and~ioo lO .r..."",i".. or lhc
S<>c;"'y "h,.,-., Uw:a.. ard ",i ll be """ fmni
and l,.,., lif., """"'hm/I,p<>flb: S<>cicty.

Cunrr rr nces
""""" .."lIbe'.,..... bil",dN".. z.,' .......and
AU'I",ll aIlArouSlK--lIISoo;i..1;"."", ,,,r..,,,,,,,,,' "
N",.,n>bc,2 006 loobc llcldal<:bml ,·burcb.
N"wa.l.nd

The: 14'" Int.,rnali(ln;l] C''''ll'c'' "n Soond
. nd Vim lion will bc hcld in C., ms on H. 12
Joly 2OO7.lt iJf"OI"l>aIwhold aS<>cit1y

"""I""'""" " Ca irn. i.. """jU"",IK'" "",Ib
ICSV I ~ The SOCiely hM. l'f<widcd ".,.,.,
fu"dillll In ICSVI4 and ha. o lTc,,-'tl ,,, ...~i,,,
Ib""'l!"nil en; oft h.,,,,,,,glll"

Sta nda rds Aust ralia
I" ilS in~ol' "mc nl wilh 1"" ,Jc~ck'f'menl and
l't'VisionofS1<lndaOlh. For a numl>c1of yt"an
lMSo<:~bsbccnrq>rao.......:donStandard
All<t", liaarouSlk:$Mmmj'I«'S . ln..adilion.

lb" Soc;"'y is a m.,mhe, "r ll11:('oo "" il of
Slll/>d.lrd. Au.l.~liil . M... I ~Omrnill"" Ilaw
noII ho.."CII"" lj' c d..in,IM yu,. Tktablc
inlho........- s 1ion OllSlandanl> """""' 11II:
s."'Wry·. "'J" nlal;~""andlUm.......... 1k
co mm;1kn 1'~ i1 ;n d....,njll hc ycat: •

,\ AS A"ard for :\ n illl' Fletcher
Tbc A,\S i".,d fcor a n U. ... ,.,d llll
C... tri buUoa I. ,\ "",,, In os ......., lu '
""""bcr oflb., "',.,lylO~;,., '"

c, I.,...;...,c:ontn l llnn ... lk~

"r aalU.a k:$ rIUllIOCO ..,~

s..c....y ,....,iomllU"' I -...l pm.mItd
lIOal llw ~no~ c""~ ,n f'lu_h""tu Em
I"tnf..- N.,.,' lfcof \tto........ J.IA I'hO Harv,
DS<:Sy-.l..f1P.tAIP.fI\AS.ml,FI\A.AM .
""I h t.... "ilalK>n

~II , /Ioo""'--'r
_mr~_ ~

""_IInp-.lH~ ___
o/ ...--.-,," ,7{_inlI;,.,_
~~.-I ."'"'-- Ik

....~-........J~.""
loio -J ....~~,~

tt.- ""- <> -... -n-- ofaN
_«fMlio of.... ·il~"'__l"' ...

S:M->rft'J.. ~""'''''''''''''''
'-Iwf "*"" vJ dw~ """"''''''
.i ... rn:J...."..,.../WJ.

1\1 IhrJ""W"'a'-;.", ....... ....., ounrel"'l:fl<e
d""," 01 .. .. .. dh IJI'"'I pkasMrr boa .....
lOmC~tlwcl"'"P'tdlhrdoalkntc

...~ ... """"f""...,injorclax.._n

....-.rnh.otiua lhaa"'"",r..,ncs.:-.-hM -u:

... ..,...i..-and lOUw:""""rty11lc foUooo......
io theo:mcncc " rlhll ,.......,-_ ..... _

i"("""""""'OII t..",'i llc ·.~ .,_

can to.: f" .... 1 fro.... ..._ ,....,,..... .<OIW...u. .
aulmoc/fomfilc.php'l-(

Nr. -;Ik hod , dI>I.Wxd acakmir;~
",~phyoQ h:-kn hedc>-cIoopN

-* ~. '" ""","",i..s .. hiJc III UN~:

....... rY7}l'hrse"""""'".~ ina

1f'>"'..,_ ....-.dc ..IlmIa:"jui ..... CSIRO .. ..
lflS\lluICDnaor ill IQl(} . .... Mamc b.. rna",

flddof ....",an:h .i""" "",in,,,,,."" fn""CSIKO
in I'/'l S. li e il l:OrT",n ly ~n AdJuroct I"" f...."'"
"'''h Il I\NUaud at U'NSWilnd in",*, 'Cd""lh a
di......... l1Inll"ur "-'>C~n:h 1"";"1_

Ili. """I. i.... iod ... ""oo .. '.,.. and in p.mi I;or
10 mu,k,1 Ind b<uloGk, 1 """""'Ii es, .
been u "<1"i.... 'I .'lld ,..., is 1'tl."¥-n'.....'<1a.
....,...ld""II,.,..;I)';n ' r...1<I> r..u"f
hi' bool I KA..,uo.IK'. S) _tlI f1i..I,'l\Y-
Ind Klhc l' by.i ... of Mu, iul l"'lUUlIICnl' ··
• .... Iii" auth" nlli,'~ ...,0.. ,n lh«oI: ticld,
. nd .,.....' ull"dby'_ ho:r. and . lu,.."'"
. Ii...,. An indictlliun of his on~o",w ."",,,inl!
OOII'U! il lhal in j"'" II"CLt... fl,,, yc~n he
fIa. pubb,J..,d4 .....'lJ</d>apto.·n . l4",ro:r=l
pa!"'n .nd7 n:(f;fC<.'tl """ m """ f"Il""""



. ··· 1.... .~ ..

[duC'atlon In Aceusttcs

Al Ihc W""'-Ulr(l"" li>c: F...u...... "Aenu.<I....
",1ilc 200SC""f"""""". the ladof ... i1ahk
N ..... tion """"",,niliw ".~ idmlifiN .
.... jOf.......,."r...t"'-'rn 'IM it... (Kefl:pt>rl ....

'his"on..d>opd_her<>in lhisi<.<ueI_ 11li.
coocem Wll> furth~r ir>crcaloCd ",hen ;1 ..

...... wJ thIIl lhe po.l~~f tIte
(~DipbM_ M.-Iet"fEn~nt'O"fl"8-

SCim«inNoi.... and\'ihnlinn, ...IT=d hy
IheSchnolofM«lwtialutd \4anufllll:'lLl""'l
~. Uni''enityuf Nc..SntaIh

Wain, no~ eM>aed. Tbcw pn>([IIIM

..~ ...iq"'IIIA~"aod:alI""'indr.-itluaI
a>UI'Se$"cn:. II .....IaI*.diaanrlrlcam..
mndc• .-tmany ..~abo{flfem1 indirul

mode.Ihc~~ 1Il'bite-.e
of lhc .......... hadllt"'d<'N't>l......... tltefvil
I"""IJ*"'Iohad_ mtIlhc.-her of ........
~byL:NS1Il Iff~llorrn-...

~Wilb.~~tJl ..... ""S
and"" ~effona_""",,,,,,,

1>y<lllll'lIt1wK.......... Md IlIhrADM
(C anhnq, """"", 10 "'Y10 ........... 1O~--..........lndoe __ oduaoI cnnn

..'hid! artracI«I .ffleJenl ......t>en of

........ con.inI.w: 10 be oIkml, Thew
roun.n ~.. beuknl ..... "odoully .. ' _ _

degrtc-programand, fd.,ilUdcnImlho:
ful......I\hedIO~...,fuIIUt.......
or '~""'pn.>V..... lhey .. oulrlprtMdr

"'ancc>Undinc-
In :!OO!llho:COW"foC ... . d._. lahof ~......
...ill be"ffcmlhllb .Ihe K i"l/W"... m pttJ

and in d i<lanl learnin g ThccoolClll n f
lhis cou nc ind lldf<·

L.lr<ftr.-..rufr4a- .. _ rir pl._ ..,,, ...
"P"'''''' /~_ uf tW n ·rpu
of ............ ....,.....£....... r 'Oif("

"' ''I''N .PU . «<Jfdll( 0It"Xf' ",,_ ./y.

.. --. 1"'-"';1>' '''''''''''-''''1'''''' '
.................wu/.. "'od,............I),....ilri
........... $,-.1>,,% """"" n.....1M' uj
",,,,,,,,,,,,,'pk W"'''P"''I'''J,'tM''''' I"
pvo.-~ , _pha--
.'frl.It"ll: "-, u vi pI._ ..,_~

fwM ...... d1~"'1 '""'It
..m,.""",J'~rifw'o n..."""'}~" nf

'<r->loJofrlw...I>t'r ",""",~ """f'Ipr.J,r- /-.._-""" 1I.<J i<-"""'1.'Yappn..,,-1t

",-,...."",.....
Admini""li\'(' infcmnati"n .... ' hi, <.,....I'M'

i. n.ilahle fmm Sb..", Tumhull. lbe
F. l.......l Slud,... (""""",.Iit", (02) 'Hil S
40llS nr u .-nhu Il«t-un....<'t!u,... , 1cd utic. 1
nr ACad.....K ad.i"" can hc<Jtu,ncd f", m I"
Nienle !o;eui. ""ll l......n (02) tj l .~ 4161'0 or

1I ~""';"''Ilk''' I''''''''' cdu,u

'. I)

Excellen ce in ,\ coustics Award
21106

l 1le ·l:IIom Ow r " •• ("""idr....-d 1 'tTJ' ",,,,, hy
nr.he ,. n;! f... F.<edl ......~ in AOOUSI;CS

J'I"1CU1 1y•• il i" UIIiq~ ')"1nIl .."' i<:h .....
de.c~""",, w" h,n AU<lrali.lomeel. spec,fo<:
nttd ."dSwndScioo.'nlx@ WM=COOI;fllli"l!
It\ im....... ~I~ prodUC'1

11lerc",.., ru"""" up . ...ardin 1UOS
Al'l' lic"';.", .f li>c:2006. ward at<>dut:'1»
July 2006 and dela; l~ .,.. ilal>lefrom .......

n.iJQ '<JrJ"",,.•u' j."' iI«~<no..J i.'I(

~..ct'II ..,i""'-' ,...:ICIl ~>n .....~J

"",*,-I1'<Jlnli"""''<JliUlf{roMM'il!ti''aIfI
fmJ uj .....-lI.....

ThcCSRAAS r.1Ctl1cnce i.AC'UU>lit.~,,,,.d

f....200S".. . " ltRkd ...~s.;~;;.WM
Ply limoN. for tho:-Ibrn()", r 1N..............r
N", ... MoniIori .. S~.....

1bm_"_l1omouIfor lhl:lr ~ltl) .. .......,
1he<lrrtt1 ..t ....." Thcj. e. ~in

1<'Uldan. .......-<U<>lofll'ltl !ht:ir
~.Thc ·n...no.. r ;.,I....n.c~

.~_ lbat .-_ ...~ _..t .........

...,1w1o_1·• .....,....,..~.T1oe

.............yvno a.t-ed .. lbepnnciple
"" .. hidl lhe dtm. 1;.,. tJl . ot>otnd MUl:CfIOI)'
k dc1a-.J ..........., ""'" """YObcf1o.IOm
......... ..... " .. lImult'pkm~

lltrwdrla)'OlNy inlWllbe "-lfmlllllhe
~1Oft~toet...m1sipoalo

...... f"'inof~Thc~

~.......... Ihrft~~ ..
.. cqui~I'......l"" c............m.t .....
"""""-",,ktrmcdl>enoreelleach tJllttert-e

m~ f"'in.. illd "' Ioo;iI .....~"
Ihcocfuna..- _ ll.-..d. An '1tPi1hm tbm
_~,"", f", _tJl ",- ....irna whicb coukl

, 11rtp-...: 'OOIIm'in.apprtn.imaldy Ihe
....... d1""' I"'" •...,.Ihe~~_ ~
C'tompulCti"";""hdofiumall..,...;eo; "ilhin
• """,,r.e.t of "'Sb_ ,..~mur....l.

;i'·"'ll CSII ~nfIheItUI I...... ........ k>el
"'"~' , lite ..."'" ... from lhal d1m:1K"Of

..... Mt-..etn ltlfTllil.,on "" IIloR.orn o.. l ean bc
fOundfrom " .........wmpl_rom _. ..

In ""'''lln'l1nn n f N~vill,,'5 nu l.la nd,ng
"",adtmicc'ffff~"" • • aw. rdc-d. IlSc from
lllo Un ,,~rsity of Sydl>C')'in 1972 and lhe
S,I~ r.k d at ,n M~"""I A~ fl'l>ltl lhe
A." >olinl s..I<ic1y " f Ame"" . _ IWK Ii ~

b< .Ion ron", h.o~d 10 the' "",fno.. "" by
~. I"".i~ f"' r1icif"'tinn ,n tho: ivilio:s of
.....ny ",kv. ,~ buoJic'5 indudi~ Aum. lian
ACll<kmy"fScft..,.nd ha. """'tlC",'ed
loihclnel"ftel...... bylll<O>ol oflhe,;c. lk
h&>bftnhonoortdn.>tiolutlyloroominC·
Mcmbootuf lheO..k."rA...uaI.... I'XlOMtd
.""'..,;,..inll·CC1lk:nllryM~l nl 2l)(l1

s..';""fll;ltK3IdIl5l1D1lhe .ny~lQ"

Ne\,Ic. I"family.~ ... _ .._hio
~punuiD.T.. o <>f""""_ n:t.IaI"
.......ucs;~Ihe.... __• ..,,<>'P"
-'ktqWII"I' ..1lII~bU~

1 ha ve hod trw pl~.>W~ of k""",i n,l and
wOtk.ingw ilhSnilk for iOlm"'.120ynrs,in
I"' rticula, r..~n 199 1 1111004 '" lnC'm......
of hisN.ttlfialtnm f",Acou.ucsAuloI,ali.
In . n my dn.linll ' wi,h N~~ ill", I h..e hn:n
mo" impte""Cdby h,s abilily 10 """ ,hr"uah
to Il>c kcrne l rtf . ny pn.>hkm. hi. wi..,
,,"ice c:oupk<l..'ill. h i~ fricf\dly. C&'Iy """II
m:mner. his Sen<'fOSlfy " 'nh hit 1I ' nd hi~

willingne5S 10 untkfUk~ . ny Ia """1,.,
bo,,'M,o<:. NcviTki.mlly ...'nn hy fft; iI"CTlI
of lhi. ina~8-unl . ...'.«1 "f lhe A..,,,.li...
" cotl".in l Society "",uti f... O"u und 'n,l
ConInl>utioo l"A"".",oea

M" riUlfBur;.......



FASTS Stru ctu re
The;\AS h... bten a long term n"" "bcr "f
lhe Fcdo:rnl;"" of AUSUalian Scicntif..: and
Technologin l S"e ;"l'" (FASTS) thE' peak
Iot>by g roopf''' ~i i<h -.J ''''''''''n:1>cn

in Au'ilnlia. Thc~p 'Ir\""'oreha..

been ""sed 00 cI......... <>frncnn:. ..-;icties
ha~ing stomcv.'U I . l1o;dintel' ....... ...-II ha~ i,~

a rcp~nl.li~c FJuard M~mbeT. FASTS
bu'i n... . i.co"d,,~d al Board """"i"!'S .,..1

the meml>cr,"ciCl i~. only al!<-'1Id the Annll~l

Gene ral A•..: mhly and GeIler. 1 Meeling
(AGM) where they could participale in lli...
di........ion hul had no _Ol;ng power, On 21
Novcmher 200~ lhi• • l1cbangOO<lllhc .EG M,
held prior 10 lhe 2005 AG.\t. ApI""".I .......
pllWf", . 1rltJf'I: " ''P..,,,,nlali, '"<truI.1urc aM
imp.Jf\ant.ly.lkJl'..ing all memhers ....linllri~'

on all "" 1Iion. al &"",,",1 mcd ,ng., n.c",
were nlher ehang<:$made 10 the ron .lIioli"n
including creating t....o nc.....p<J. ition. on lhe
l:Ioa ,d ftll ....m·di,ci plin. I)' ba<ed science
and lCchrwlnWya....."' imion•. al>c'lj'hi nglhc
p.""t Pre. idenl l"",ilion On lhc h a 1Jli..., and
'fI"'.; fy;ngllwnop"l'SOn maY.......'" in !hc """

"""i li"n f"' '''''''' .....n 4years

At lhe fnlk....ing AGM Tom Spurling ll>t>lr.
o\".. . . I'tt:1.ide"'fromSnowBarImo. ............2
}", I"",, twl come 10an ...n<Llltc , ummuy
of 8a , I"",,·. linal ,.,pun from llle Minule. of
IheA GM

"Sno....eurnmcnl...d onho "' ........lIpl..'CdI'ASTS
.. . . ItJ"""'II I1.. 'n it. roIebut .u ll ttq.Ured.
.lu<pcr cdgc. enCfJ),__and~

from ,It~-n_ II .... a cnu c.l i" ' '''lo., ha, ...
an iodepcn<knlpoli<.)'lJ,>dyta'ing iml""",nt
and .....pon. ihlcl'O'itioo. a. an e lTec"'" e

",icc tn Govtmrncn1 for OIlI con>IilllCflCy
M~i~g l,,"ehallengcof<kcwascd funding
;nlltcl",tdecadetogether,,-itbcoo,",",,-,-'
G[)P~ro....tb , rnade il morc<l, IT"",ulllo ,.,:-:u",
inc....ascd in"e wn ent in <eicncc & 1,,,,h,,,,I,>g}'
.n dthelulu... Policy lrumc...."r •• lh. lea nb<:
f"""K rded r",th e 2007 Boo~cI .......re lhe", fo",
erilieal and the eh. lTenge ahead ,cquired
tr:lCIiootn a<b-anc:enpp<>rlllnilicl;

n.e"""""WIJCIlIflIlcbang""in di"". nll,ns the
Roa:d ot lhe ARC and d .. n~Io R & D. ....ith
implicali" ns ror lho 'l"" h,y ant! indcpendcncc
or n:>t:ar\;h. m"", be dealt ...,ih . Thm: i. ""
.(,-.lc~ic ,w..." -i",,, or <eien;:e in A""'",lilI . lbc
Il.QF i, a major i"ue connecte<l10 " "" es ic
din",li" ,,, wilhpolcnllal for moot attenlion 10
he f."' ""Oat Ihe ba..ic k .....L The rclaljonship
......l n the RQF. ARC and I'IlMRC i>
ycc tobe definedandyounll ",,;"nliSl.and
non ", ,,,arch-irn,,,,. i,,,, nniw ",ih"" 1l\iI ) ' be
e , clLK1cd from gran ts. FA.'iTSncc.k tn micc

' ......lI'rorteems ru Govcmmmt .

Snow explained llio: worki"g~ lOr PMSF:IC
aM thE'n tbc flow ""f'Qf1lthe RO~' _Third

Str....mFu nding. p"'r... bly lilk....."."' lhing
'Kher Ih. n 't hird ,tre . m I"" ., bl... 'm plc
heli. funds' - fASTS has b<:<n . ppwaehed
by th...Treasury t" .u hm il id,'" on fun<ling
fo ' eommen:ia li!<3t inn . i nICr"cl io ~ will>
,h... c" mmuni.y and accck ,alio n and
..."'"OUragcm<:n' '' ft he n" of.'''' ...'ledgc and
mn"'.. rionbct " ""n uni..· ';I;~;ndu.lry aM

the community.~

FASTS Submfexlnn III RlId~Cl

200617
We "",II . 11walch to ..,... if 1he: gt ",'...mm,:nl
b~"" nolCofihe poin.. rai""d in thc FASTS
"""".. Von on Ihc 2(~J6I07 il oogel , FASTS
id.:n<iticd lhe " ' ...y ehnllc"g .... thaI muM be
adJre " ed if! \ u, tralia i. t" fully le, ...ragc il'
""""l>ilit~induding

• More ",phi" ic'l ...d ap proache. 10
suppo t1;ng lhe mu ltipl... pa th....ay .
to adopt ion o f kroo",ledge incl uding
commerc ialu ",

• Devel"p ing mn", etJee ti,e mode. of
kno""lffigc lro". fer bel""""" univcrsities
aM inJu,uy an<ltheeomm"nity. including
rari d migrat ioll of PhD gradual"" into
ioou" ry;

• fkl, -dol'1Ilglhe capacil y for high Icvd
stnstegieanalysis or ,h... d'll.'Clion,of
Ausllilhan scK'nce:

• Forging stro<lg....r linkag....be'''.,..,.." ...tICC',

busmessan d venture eap 'lal;

• Add, ,,..inl/- .., i...nc... <. ill••hm'" g", in
specitic a", a.(eg.tali<lic,j: and

• Strenllt hcninglhcqualilyof"" ence
le. ch i" g

FASTS "'l!e , th... Gov...m ment 10 ta" •
Iong-lmtl vicw and commii som... of thi.
surpILlSltJi nv....lm<:n1 ;n bu ilding Aa"",li. '1

pmdOCli~'ty h.o"' lh""'l!h

• Me""",,,,,, '" mcrta", 1"'-: ""'" nl ... o f
;nnm 'a, ion ,n lh< ,\u -.l"l.. n C'COfOOmy.
inciLlding. cnh.. "" nr. rtV>b ,llly t>tl .....,n
un;""ili.... . pu hl;" "'",." ru "'h
ag...n,i •• nnd o" ", ,,,,,,ic<;

• Add", ,,i"g inde..lion de l1ci...nd ". in
uni...... ily .ndK&Dprograms;

• Inc, e . ""d in v.....m.nl ;n ' .... ea 'ch
infra" ......tu", ;

• Additi"n . 1 fundtng to both toed in ,he
R..... ~rch Oua lny l'f2 m,,"'o,l. and to

rwovidcn "" ·""""-,y '" en,u,,, thaith eh igh
",nki ng group .....main ;ntcrn. tio nally

~oml"-'I i l i"" . nnd

• I'",~ i d", g additiona l funding t" enahle

<tm ng'" partnc" hips in .""....ledge
t", ,,, fcr (lh inl stream fund ing)."
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AUSTRALIAN
ACOUSTICAL SOCIETY

EDUCATION GRANT 2006

I~~ucation Grant is awarded an nually and aimed at promoting

f~ clOd educa t ion in eccustks in Australia , The grant of up to

be for scholarships. re5eat( h projects. educati onal purposes

or othe r wo rthwhi le use related to a(o ustiu .

II Deta ils for the submissions are available from www.a(ollst its.asn.au

'11 1
and are due by 30 July 2006

Acou sti cs Australia



CS R Hebel Sou ndFloo r1 \1

CSR Hchel SoundFloor'" is an innovative
Acralvd Autod avcd Conere1c(AAC) flooring
panel which i. laid ovCTcon\'crnional hca......
and joist framing 10 prodU« • "", miuon
quality tlooI'ing system wnh. ' ", inlilKcd
eonc"' le' f"" I.An....."m pm reduc't ion .... k""
CSRHehcISOOndU"o" .. a""" 'Us c-ornmdcr
rorqua lity tl<.lOf'ing in resKkmial . eoml1'lCn:ial
and indU>lrialap plicatioo.s.

CSR Hebel SoundFloor'" i. a unique
("Uduela, italonecomhil>Mthe ad..ntageo
of hght",e ight construction witha nn~of

inherentad'·ln1ag", . ueha .thennal cW",ieney.
aeouslie performance. environmentally
friendly manuf, eturing. fin: " 'siSla",,e .
teIDlite resh tanee ~n d inctc a>C\l 'I" bihty
and stirrnc.., CS Il. 11rl>c1 SourKlFloor' " i.
al"' '''' tIemd y strong .n d providc:s e, eel1ent
intruder resistan,-e a,; eaehpa ncl is", inf"", ed
"'ith erMTo. ioo_p,,, t""'''td , t,·c1 me'''

The unique ed lula, , tructute uf CSR
11"....1 s.oundHoor"· aho di<c<:tly ."i, t in
n.'dueing ooisc entering 1' <Hnthe , um 'unding
environment and in eon tmll Lnll noi""
het"'""n " ~,,,... ('S R lIehd SuundFloor'"

ean he comhined with all type' or n"'or
eu\'cri"gsandloree ili" gsy>le" " tllp ruduee
• eoustit- 'Y!'lem. I,,, the 010" demanding
'pt'eiliea lion.s

InfoIDlali..n www.hehc l. lI. t... li• .com.all

CS R Exter ior Sound Control
System
Withh..m,...,wnCA lnmlnd. CSlth ... devet" fl<-xI
h le rillr Sound en ...",l Sy ~tem. which
dra""" k. lly rWucc noi", in.ilk thc home,
""""rinl!l famili<,<enjny pcace andqu;ctatany
lirnco f lhr day or nig.ht. "IlIc CSR Eucrior
SourKlCootruiSysce rns m!ucc thc pcnetration
of ooi"" I"'" humes by combining. """,ial
IrouoIic "" ild,ng producl:> in lailo< 'nadc
pacbgn. The: Jll'Cb~ i"" I..oc. ; Gyprock
Soulldcbck ",'atl and cci ling~; 8 radford
SooIldScrccn i.....l. tion and Fn~iroSea l roof
..,king; Hebel J't"'CTplICI; Ccmintd libn:
cemc-"t.ha:t ing; Mooicrand Wur>dcrlich ",,' f
tika; /'Gil bric ks; Tn:nd "illduw lo; Ita>..,n
duor ocal, . and HlIrncdoors

I hc"fea"' .i x S......dContml SY!'lCm.....itable
t"~"lle' cry hume rol' . n'" ge ufexlenornoi..,

p..uhlcms. By idcnnfytng the IOOSI n:"'..--am
e, le..iur Il<.i"" ,h",at ncar a home. and intu on
the ikc ,hcl le\'oI of the noisc, lhc CSI! team
ran advi<t whieh rac Xag. is m,"l1SlIital>1c tn
achieve eithe. a 3S or4<l dllootcol1'lC ", ithin
the hum.

~ur a'"tJmprchcnsivc inrul'm"tilln k it : lC I 1 300

)tJb SSb, Of w"' '''',gyprock.eum.au. " ......·,e"' .

MSCA IlA MS Life.\fOD
The LiI" MQD Biomedlan ics Modeler h
the mo, t advanced and complele human

modelling progmm available tuday. Expl"re

Ih"po>sihilitics of crcating true physics I,. ...-d
biomcebanci, models for .n y living systcm

LifcMOfJ is II plug-in to the popular MSC.

AIlAMS software, provid ing a compld c

moddli ng env;wn m"" t to ....tine Ihe task
ofercating passi , and {" ""'ard dynamics

bio logica l models which Internet with the

''fI ,· irODOIc nt. t""I~ ""uipl1'lCm andeac h (lt '''-.,..

Th" "",'!'molugy empuwe-rstbei n\·e-t igulu' l<I

under!;tandth. fOK<'<.nd thc nam"'ol ille
control >lmtcg:ies hehindhinl"l!l;"al..,. iviti...
l he L,feMOD modelling enviro nment i.
an aeeumubl ion of lools. d;,rul>;,_ and

tcchn;qu",dc\-ck>pold ovtt lhcpa , 120 )'O'af'I

,..
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Aco ust ics2 00(j

First Auetra tastan Acous tical
Socif.'l i~· Con rt:rence

"TheAustralian and /Ii"", l ..",landA,,-ol!<ticaJ
Soc~i<:s ha..e al...a)1'..n.,,,ur Jrnj lU" ir ;['l.lI;nn
at the conf..m>UStw:1dbynl.... OIJl3flisation
Th .. jo im /Ii..w l .ealalld and Au" ""lian
Aew "t ical SOCi,,1y <:Uflf..ml<'Cfu" h<.....~1Cnds
Ih;, eollabonl1i"n. Thi. will be held at the
spectacula, O ..arwatcr llo:",," in ChriSl~h u rch,

Nc-w Zealand N"v"", l-..., 20-22, 2006. The
=11 lias e~cd l..nl b .-ilil;..,.Ii" lh~ ,,~)nrC1'<-""''''

and also for n:lui"ll in ""tw«n sc..io", ,,,
bclo..:alld . tt..,.the ronf..,..,ncc.

"The con f..n:n<:e..-iIi LaL.. .he usual formal.
";ilh plm ary alld invi."od pal"' "" workshops.
contribuled pII pt'Ili. t....hni". 1 ",hibit i""
and social f" ....1;"m. V.'hik the th.."", is
"Com muniI)' <\'"'>POII><" to no~~, teo;hnical
con tributioos are in,·'k...t '''' all acoo" ical
i%uO'S are in, ·itO'd. includinll:tran""..-tali""
n" i,e. build inj(o.·"" , ti"n"ksand ' Lallllanl, .
underw" .., 1K-"USli"s, oUlomolive ""i ..., ano.l
vimahnn .psychonc..", ties aml physiologieal
acou' tics. l'O<'ma rou stk sa nds o und l l'. to:m,
Ab.,Jrao.."u a... ",,-!u' m! b) J I M.w:h 2006

lnfonna tion fro m ww"' .coofcre ncc.co .n11
acoust'a]Oll6or eoof """", lll1lou " .. I.td,
T..l: +Ml l790l'lO. l ry@conf e"' .......oo ru

ACT IVJo:tl6
ACl IVI': Of'. "lhe 2006 Int..rnational
Sym", ...ium on Acti.... Cootro l nf Snulld
and Vibr.ltion. i~ beIng organised by the
Suulh All" r. lian Division of the AU'lnllian
Ac" u't ical s..c iety. Thc Symposium will
be held on IK·20 S..pt..", ,,,,, 2006 al lh..
lJniv.."ity nf Ade laide , which i, lo ",a l~'<I

in the Ccn"~ uf the cily of Adelaide, The
Symp"'ium i, a ront i",,",alioo of tbe ..riO'S
o f bi~nnually-<>rgan ised """"ings OIl R""" nt
Advanc<.~ in A~1i"e Cootroi o f Snulld and
Vibn lit... "'hic h ha.·., t-.....nhcld for t"" I'""
15 yca", Theconfercnce "illbe hcld in
A<kl~ idc, ",~ idl i, • de lighlful e ily ", im
l-...aches.h ills . nd"i... ya'd. ... arby.

Michael Kid"", alld Ca, l Ho", . nl o f thO'
Acti. e Noi", .1Id Vibration Control g'oup ' I
Th.. lJnivers,lyu f Ade laid.. will bclh .. g.·,,,·ral
e h. inn" n 1'0' rh.. S) rnposium. Amhllny
".ande r. al", of Th.. Univ.."' ityofA .....laide
" ill hO'lhe "ha irof lh.. t<:chnical prUIt f'l\U! . II
i, n ",:c led lhal . pprox im. I..I)' IOO leehn;"al
1'"f'C'~ ,", i ll be pre-;cntedeo,"";nll alla'l""""ts of

..... iW eoolrol.including "" i....nd vibr"'i ,....

..ncl""'dsoolld fi..l~ '"$rlU"M mat"riab. "'>d

co mmercial applications

Inlimn alion from hnp:llwww.acti-e2006 .<"t1fO

112 · vet,33 [)e(; e rnb er (200S) No . 3

W[ SI',\ C IX 2t1t1o
The 9th We" "m paciroc A"ou,t~C,oo f.."""",
will be held June 26-28. 2006 in Scoo l.
Korea. th.. Land of MOf"aiog Calm. The
program ,,' ill include pal"'" oo a wi de.ao~...
of aeou. tics tupi". alonll with a h:chnical
exhihili"" and U fu ll "",,,i. 1 rro~r"m, T~l '

conf.... nc.. i'. " umkrfulu pponu nilyhJ On...
out.boul l"" la'",t adva"" es in all a. ... , ,,f
aC()lmk~ I' wd l ,n mttiiRl: ,",'it!!,;o Uc ''lues
f,um w . ", ginn uf lheglolle. n.o.c ..-ho
atl..ndcd the e.~~t"'nt Wc""""conf~'fC'n<:e in
Me1bnume wi11k"",""the b.:ncr.ts lhal C;oa be
~a incd from.ttendingW~ronf"n:flC<"'I

W..spac h. s a ' '' p'' lalion for ... celk lll
in,'ilO'd src.ken; and the line up for 2(~ 1tI

iod udc. PIc"ary , pcakm; ; Runal'" A. Roy,
Ik ""., Up.' Iht'V"i<i.B"bble.• i" Ri<-Jiroj
l,·"....." 'nd. Sang-chuI L,," . lT us uN ....,.<;,rtul

I"""'""" ,,,,,,,.Ilodelr:l lt.awl Nr u. Ap"",,,~,,"

I" F,-uI""i<:uI!',R ,.,"' _ Sp..."'h, I<-_ .. ~"'1

k~ ,f't'~h....: X,f.... ( innv,. l'h,~,, 111 ,,,~j

!><vt/_ _ .f Cf'«.t; ... . 1ellSi""""". l ·".h ~

A""" ' ......, lo;irl; S~WfB. ni.--.Jicai A " ..
V;,:"lf Akulid ...••... lJ'..a.......u..r A"-" ,n .
A"l!<'L. h,i n~. A'•.-Ir",~·,I<'""1 Acvt<.'i<"~.

<-1v...o..>pbn Tam. ,f, ,,,,,,,",,,,,'ia, Jung-Kwon
I h . C_l"" "'''~A{Y"" ,'~·'

~" arc due "" no"i , t"" li""' ~l rl.n

l' lf yuu,pa" ieip. tiou. Thc le y suloj"....t
_ .....lud..: prod uct o'icnt"'d ~.piCi. human

"' laIed lopies• •I',''' ch: p'oo LlCli'' n, . ...."t'lt'' iliOl',
Jle""""<"<ing and comm"nieal i" n, phl' ,i ",
fundamental, and appliea' i<>n' . underwale'
aco usti"s. a. 'o.acousl i,,1, .rch i l~etu'a l

...."u.ticl. en"ironme"I~1 ""~"" l ies ..nd
vihrati<'ln lysi$: . hroul''' ... lIw,.....nd
hanIw J-..., hot tnpics in/lCOUstica

ln f"""".,on from hll p:llwww.w",pac<;I,,"lI

ICSV I3
Th.. lJ th Intemalio",,1 C"ngre.. on S.... nd
and Vihralion will he held July 2·6, 2006 . t
the Vienna lJni"""ily nf Tech"" I"gl' which
i. I"". te<!in thccent'e of t~e city. f nllowing
the trad ition of ' llCh eonfe,,,n,:,,•. ICSV U
"" II hav.. a f,,,,, rat" scicnt l l i epro~ra"" It i,
hO" nj(he kl i,, ' hoehi, toric . lI"be.u,iru l eily
urvlCfIf\ll so a good "Pro"unny toe~r l",,,

.hi' par1of Europc:. Tbedal .. fOf" submi" ion
of abSlracts for lh io conferc nce h,,, bccn
.., tendoo so check 00 lhe Ia.c.. l .....tailsfrom
hUp:ili<.-sv I3, tu,,'irn .ac.at

Ib~rt i,. special ''''I''e,1 tu the AAS from
D, (jan in Sinlf<lro rt . w,g. ""'.....,.".icll h.....
hno logies,com. fo, comrihul<'O to ........ ion
nn nonlin..a, aeuu,t ic , "",I " tonlk", f" r

:Ie~::renco hc is ", gu. i" nll ra. thi,

,\·OIC '''''' tlr.- r",xl i" ,hlS se~"·s <ifc'''''<tr'r: ,,,,--e.•.
ICSV U. "'iII he /wid i" C"In,.14M.'Ira/ Ie' i ..
July .'OO7

IS'I" 20tlo
ISMA20U6 . Noise an" Vimt;on EnginO'efing
Coaf~nc... i. I"''' of l scq.......... of ann....1
e'M'Il"'SI OObiennia l im.:m. lio.". l conr", ,,,,,,cs
" n . t"", l"ral dynamics, modal analrs i. and
IlI.i... . nd \·jb.-a,ioa engineen ng. The:la~t was

held in 21X14 a"",u"tldcd bymon: than 450
flI"'I' I" . The technic. 1 program ind ud..d 2
kcyn'M.. I.....I"' T'S. 3 tuton . I I..Cfu' ... and . h",,'
J~ X) k:"hnical plIp"r.<

ISMA2(1(l(, w ill be he ld in Leu ~~n

(lk lgium) from 18 10 20 SepIO"' .....' 2(MltJ
The conf~",llN' ;1 orpniscd by !he:divis i"n
1''' 'A "f .1I" KUL".l"Cf(. Inf"""ation",,ll'e
"naf.."' ....'C t"pi,,~. a. .. e ll8$un lhe ptu<-...Jure
r.... ilUl'm,n ," l/. .""roct.. can bc foond""
hnp:"'..... ....i....,., i,.......be l

Inlcr noisc 200(j
Inlem"i " 0(, with the them e Mf' nll 'tlC«i~ g

" Quiele , World" will be 1-...1000 .t She.. ,o"
Waikiki in Hono lulu. IL,,,,ai j. t:S A J 6
rke cm he,. 200 6. This eon r~"" "",, will
ha"e all the fcatu1'<-'" lhat unc e xpect, at
an Im"mo i.... Conf..rence .. well "" being
in the ,., 1a~in8 ..nvironmen. of 1l00001u)u
lnformalitm frurn w........·.inl..rnni<.e:!Oflf>.org

Thi.conf"n:""" ,",'ill he preccdedb ythe I52l1d
M"'Cting( .flh iolflllrte'l"ling"f th.. A",,,uSlie~1

Soci~I~'ufAmo:riC;o and lheACO\l$li<:.I Snc ielY

nf bp>" ~ flo n" rulu. H3waii. 28 NO\'..mbcr ·
2 1ln'Cmber 2006 ~ttl' :/!I.....il' ,"'ll

'l ..m....r
'l--..J Ahkhail (Vic)

lIot>'n lJ.r"w·n( Voc)

Clffl fok k"rna ( /liSW)

W..i G",, (~SW)

Najah l'hac (NSW )

Simon M"o ,., (SAj

Slophen Pugh () I<ll

Hdo n Wu (NSW)

Gudlla t~

Jonatha" C"" f"', (SA)

Shaun Lay (Qldl

M.l winder S,agh ( !>lSW )

R"""o Arilftj(,, \NSW)

Sub",r'b..r
Mark Scanncll

Ik njamin Wilson (ViO'l
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M_urem""I Toch"",," LM Motershas -.1IIoIlled.

.." -..uc. - M...... EIloct> Mr K Swno~
Thecommille. mol twioe"" rl"'l III.

MrWL _ ~~~ft~iooO ltle "Conl eol_
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... ......-- " ~ C3bfioIl
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mn AcouSl". -Noiso/rtlmOfhCllJlll Mra VE Bray :::::- ........ _1UInOj
lIo.... hold ~"'...monl

... V,1lr,i1ioo..... SI"oodl,\jlpllcolIOM M, o",.n,"
1lleoommilt...... noI_1b1ng
::~buI "'""' .lnl___

£VIII.
Mc>-&'I..... IIoIcopterNmltl

llr AOElUlon Tl1eComm'"" ' .... llOIllWI1 rltinnO..- tho,oar.

PI/IS ~_-.eNoiM :r~="
1tIoconn_ .... /lOl llll1 dUfI"ll
h_.
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ENc,",'s from Sta nd ards
Nc,"s from St. ,.....nh ~8" ....IWhcc read from
.. "I\ ... , .....,"'$. '*anda.d<.org _a~ . This ~lttlfOnic

IIc'.i.lcu,.. pn", iJ.:s acc" ", 10 the latest

~ rrom dle"'1l"";sal ion .nd IiSl> "f new.

amcndod aoodraOSlllll<bnl"-

l\1an llJ:cmcnl of Sta nda rds
[)ur;nj: 20IS thcrc ha.' h<:"n C<lnsido:r11hle
exam inali"""r thc guve ma ncenf Slafldard>
Au, lr. li• . A <'omp", h"n. ;vc report Into a ll
lIS (lI.'C[S "r trn: up<:nu i, ," wa, commissioned
Con, ullaliun meelings were held .",und
AU'lrulia"ith ,c p.", cmati, -.,s from t" e various
stakeholders to d iscuss Ihc issues otconccrn
andllowlh"""cnuldt>c addr,.,,, cd. Thc AAS
hU fCp' ,-..:nllllion "n sl.nd ards co tnmin"".
d<ahn~ wil" oJ",,,"":l\l< lha' clear ly rel. te
lOacousl"". Ilowe vcr onc i.."",p:rtill<"nl
,n AAS memben i. bow bc<;t 10 has'c som<:
dTf<,,1i,-c pouticil"'lionin tbe comminCCll thaI
deal ",ith the vut numhe.- of standards tMt
",,,~sl1\llll.hu1 imponanl,aoou-'I;"' _"lions

One l'Uml'l~ is the ilem helo.... frum Ian
l lill<Xk on lhe chanl\es in lhe nplo"i~cs

,t~ndard io which, t" w r xnowkd gc. no """
from Ihe AAS had any i n~olvemcnt . Thi. i,
nh"ino,l ya com l'le~ standard3s the3co... tic
l'ro~ i ,i"n , are in the 10" Append" h\ll I ~e

c~anllC in mct~od has signi lican t imp.,t
' III th<><c doing a.se ssment. in I~"I ""' • .
Allother discovery by Marion 1M1fJn' wa,
Ihe ,ocun, iSlCncy hcc...·""" t"" l'rtJ,.--alu, e. fol
no,'Ca.'S!.....mcnt in._'ne .cl. .."tJ.t.t ndafd
and too.cin lhe curreul \lCcup.al"- "" hc
".'W''lnCJIl siandard. not"AS ..""loJ like
\il L<ql lnock of lhesei M ClIn takc
1h< .....'C">JtI)'ac1 ions loC1'l<..."' "' S"' ncbrtk
,..._"' b. to makc the "loM!)' ~ II.Jn~. So
p lc.o>cadvise lhe Ge ", 1 Sccf<Ury of . ny
."tJf\I;cm< you may have on Ihe"" malten

AS 2187.2 on Esp lcsl ves
A . ula 'antiatly re"i....olediti,," of AS 2187.2
' ·t :' pl....iw, - St" rngc. tran"purt and o..,~

.. illbc p<Jbli, hcd early in 200r" ln 1"'rti<'ula' .
Ihcfe ~a' . been ,ignifoc.nt rc~ i.i"ns I"
lll'O\lnd, ibratinn and a ir hla, t crit..ia anol
_>(';"1,'<1 " ",,"smenl prtlCedur... The.e
IIn' lllOOrptJratcd in a rc"isctl and c\ l"' "olcl
"rllt:n.li\ J '"('rrnuoo V,brali..." . nd Airhb st
(hnpres<llf.· ·.

fOl ground.'ibr.uion, 'hcAl'f'Crldi \rIt "" ", ren
to tho ASSI S) .18· 199j guidanc~ r" r llu man
comfon in blli klin~. Tht: \lUildinltlanlll~

grooM ~ihr.ltion limits imrod1ll."C fl<:<l"""'j'
dependent vihr.ltion damalle crikria. " p'.,r
l!S7385.2:19Q3 and USItM Kl 8507. A
mooi licd .nd ~xlcndod version ofth< .\iSl ing

Acoostics Austral~

frellUt.~ICY indept.'fI....'fI1 guidance (fable 11
of lh!: cum,m Wlndard j isn:ta ir><:d for 1hof;c
"e~ pl".ivC\Oust'f$wl>., dontJlh",'e lhe facilities

to u"" freq" ency d"pcndcm a,,,,,,,menl
mC1hod., ", The laller ""w iocmpo rnte., Ihe
AN7.I2Crcc ''' lln'codati"n lhat such lim;tSllUt
hccscccdcd f"rQ~o/. "fhl~IS

The Appcrldis . 1"" includes signilicanl
revi.ion . to hlBsl muniln ring instrumentat ion
requircmcnt ••ndpr""idcs (fOftllc r;"' ttimc)
a~3ndard ""ual "lIIr()f "'timation of . ilbla,1

o~........ rekwl.

AAS I(.ep rcsen lath"cs on
Sta ndards Co mmtt rees
Th" AAS h~ nominated <q)<Cot:ntal i' ·e.
on mo" c" mmitlCt:" ....ho.e primary dmi~

",I ale to ' tandards dealing wilh noi,~ and
vibratiun . If anynn. has t oncems abtllll
'I anda rd, which a'e ", ana~cd hy Ih"",
">llImittc-.:, lhcy Ca n discuss thc", wilh Ihe
al'l''''I'ri3Ie ", presen talive. Betow is the
li"injf ufrepresentati,·.,. and a s~mm'ry "r
ad'~I1"" during 2005. Reports nn Iftc ....""
3Ciiw cllfllmillcesfolklw.

In rd . tion to commi'1CC< lhat did not rn.... ,
I'<:lel TeagUe report.. tllal I;V· IO proj«t

00 WflI;(lUCtioo sitt noi<c is ",·.iting for:
I!Jtat<1 ",,,,, ."scnlalion from It"tOn.' releu nl
o<gani!<lltioosaM thc",k• .., of 1M draft

C"" . tru,:liofl Noi.., policy b) lhe NSW U'N
DEC. and Ihat . u vist<l d,.n .. . ntici"" l....
~ally 20111> from EV.16 on Wind Tum i""
Nu ise

ISU " " ·,' tlnJ:s Wilh lhe inc", ,,,,ill)!:l' ''' ''' \ll'C
to ad"l't ISO standard, "' Aum ali. n
Su ndard, il is important t~al AU'''alia has
I"'rtici paoi,,,, in ISO. DUl ing 2005 Pete'
TClII!UC Bl1endcl1 IS0 Plenary and Workinll
(,rot!p medin&~ hcld in Canada. Some
or the do"umcnt, di..ussed during Itlcs<:
lIloC<1,ng.includcd; ])"( inilion, ur bilsic

'1"" ntili..... Iml"' l"" Sound Propagation for
l2n" jnMlmcntal Noi ", As"' •.....: ... 3lld"",Xl

of lhe mc-.:liflg ..... dt:<.......l I.. d ,... ~,.. ",

lwo major """PC d Yoo:n for 1\0 I).IN
".ndard.Thcre ......bo..d' ........ ""' "n thc
scopcnfa ",at,dardo n sl>oo!ingran!"<, , P,1t f
cumm'"1lls Ihat in",,!vemenl in ISO wurking
jlroups hii-' pr'l'idcd an imponant link to

t~c EV conllll;u""s . Standards A <J ,t~al ia and
lh. "" ""'Iic> communily (AAS), I ", ill be
seeki ng inl'ut .",l f,..,dhack from ul~c", in
AU\lf.l ia and l"" kingtocon' idcrad upliuno r
Ihc "" .... ing'...mmittee dralls inAu'tra li.
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Sio~;nI!.8r;dl(e. RkJgA...rd Jodi It...., "" . 1
500 ent.icIto ",n ,he Smany JiIog award
- tak i ng borne a Sl O.ooo c~ prin for
her '"Singing Urid~n Tr<lw l DWty~ .. "'w.
singingbridge...~, Jodie is I ~......nd ani<l~

andlfawl. the ....o.-1dm:ordingth<sound'
ofbridg"". Thi.hlog i!;t "" l", vcl diary 'ha'
rtt<:>r<Is t"" soulld. or oo dgn tn' m aruund 'he
world , Shc . tancd 'he bl" g in 2002", hc:nsbe
..,tolll to rccordl hc , 'ibratioos " f lhe cables
of famous hr;dgc. around the wu.1<laoo plaos
to eventually liok ,hl'm ,oBc1he r i n a ~bridge

symr hony"

Forlh", e ,, 1k, hlIve nnt ca"ghtup " ilhlhe
lerm ' "logging. 01' weh loggiog, lakes lhc
f<>rm of an onlinc dial)' or ncwalenc ' . 'lla oning
C\-e!Y1h inll l"rumpnl' euhurc lupolil,,:s .ll is
mim.t cd thal "" '" are more thlln 300,000
blogs in Aus1r,>lia, uh a I>I:W b"'l! en:a,«l

""cry .....,.,nd """' ~a"'unJ I""gl"l>c.

l"K Stlen« W...,k · Silca l A;ru aft The
Brilish A......,ial;OO for rho: Ad\'anc.eme>,l
ofSo: I('rk. u i. .. lOerca ... a posit ivc liOCiai
climalc in ·hieb JCi,· n<:c. and 1hcOl\'l"'i... tic."' "
di.:pcndCnl00 il.ad vanc"" "' ilh puhlicco osc:nl
and..- ith lhci nvnll'clncnt and ac,ive ,,-,J'!l'l'It
of "u" ·",,icmi .h , Unc uf ils ac tiviti"" is the
organi... lion of thc RA Fe>ti.'a l of Scieoce
W~k wh ich i s on" "f lhe UK 's b iggeslscieocc

fe sli" .l s, i\ r"ulu", ,,fthe 200SScicoce
"'ce k, held i.. n uhlin. was the update 00 the

Camhridge-MIT InSlilll' e's 'Sil.,, 1' Air<:ral\
Iniliative, This w"" laun.chcd in Nov""'bc:r
2003 wilh a bo ld aim: 10 di!l<:Ovcr ",ays lo
rcdUCl'aircratl:ooise dram>lically. lo l"" l'o int
"'hcreit ....ouldbc: vin ual1y umlolieeahle lo
1"-'OJ'leOUlsio.\e lhc alrportp e1llneter,

1:10- Tom Reynoldo f"'m Camt>ridlle
Un;vtt>ily'S Engillttl'in ll Deparl mem IlIve
lhe 8 A pn:o.tigiou. l..mtwd Kinlldom " "' 1>1:1
A"a rd l""1urc at thc IlAFcslivalo( Scit:nce
in Dublin ""~Tbc fuIU"'Or ,,ivil . vi.tion: the
approa<:ho ftbcS ilc:nt Airc,a ft"'. I>rReynold.
used practical d"rno"'lI1I' ic."" lhal . re
a~ssibl" locvcl)'ooetoe~plor" tbcp1"l'l'0''''tl

, i knt ain:r~f1. t he problem.in lryinll1<' r\:d """

noise and Ine hcnelit~ lhalth is aif\'ft ll h",o'ff
~on " em iona l aircraf\. Thi. Ic-';l"", i. .....,Lohle
from hll(1:1I.....w.....~u,p."'l!, u ...,e.l1v.\ and
informat ioo 00 th" proj""t r"'''''''' p:llw",,,,
cambridge-mil.orgirc""arehl"" i.

Aeadem }' or So:lenl-': Soh" l. ..hip. _ The
Academy h•• an nngoinll p", gram to
. ""," Au...n h.. ....ient;,;!ll aod """archern
Tn ",lli "ll fel""" . hil"all" .. · ("r the e~ehangc

01 ....'" nllli" "'eu, In increase pubhc
."""oe"" of ...H::n«:.nd "";"nlir", i..",,,.nod
M cMf)' "'~ rnc- 'b; 11k:Academy will also
provide .u ppon. f R""""u,,h con("", ,,,,,,,,
lhal focu,,,,, tde.-ant . nd "", odly de'.'eloping
lields of ~se. 1"l·b , In ll.nnal i"n and tIlc
~u iremenl. fnr al'f'l icallnnrJnr!re', ionsof

in' cnt."' .,· . il.h le a' hllp:l............science
org.aul.w . rd,

ACF:,\A.. . rd' i\ tl'cord." ",a1."" crowd of
more ,han )7 U ind,,"1)' r ro<" "' !ONb tumed
oul 10 ~e1cbr.t" ...." rld e1a.. engineering

... IUlions al the 20'" aMua IA........iall"n ,,(
Con, ulriog Engineer ; Austra li. (AClOA)
Awards for h~elleDce io Brisb.... . Two
arou SlK.: n:lal«l vrojox' ", ;nncr!l " ."", (; I1IJ
Noise A,tmua lion - 7g9C Trud (·"n ilk ..." ,
Sp«iali; 1 Servi~. Audio Man3jlcmenl
Syslems, (A M S) Pn,j«c. Sincla" k night
\ 1..... Sil...et . IT Projects

EU Noi, e Sumalll a n d A". rd s EU
policymahn andlcading sarcly aod health
.,. perlS mce1 on 12 lk-.:embc r 200S in
Hilbao. Spain, to di>cu,""how '0 beller pro' rd
l:uropeanworle rs (mm noise ll1d tn a..... rd
tho",orwu> isutiol"that hllve al", .d y m. n' gl'tl
'" imr!c m.-m d J<"\."I;ve wlUli",,; . As many as
HI m,IIooD .........~"- in tI>cIOU are 1.' , ,, , .~ ldcT""

... "" e~l""""i '" ucn.i"e noise during
lheir working hours. The ,u",,,,il. jointly

organis.-d by 'he f un' pcan Allcncy (or Saf.-ty
and HeallhatWor\; and lhe UKI 'rc-sidcncy of
,he Europcan Union. was lbe culminali,,,, ,,(
tIle 200S ' S'up thal S " ise"nml',ugn. The

Europeao f"JOod Prat.1iec Awanl . 200S ...."'"
gi"""\t> I"" toeslprxlical..,lulio", r.>rI""
prevenlioo or"o iso: ..p""'rt:. 'llIe ...i""""
include new """'no~<c concrelc processing
m.-lbod. from Germany ~nd f l1lJll·e. II nighl
club dn- ign 1"' .)....1 fn>m S...·cdc-n. 1OO1~ to
protect farme rs from Denmark. a Duteh
eu,npk of Ik,.... h. e.l~ul.te ,he mo<.tco. t_

efl"<"\."ti. 'e noi.., "" lution and a Ul lOingproject
f,,'m ,he UK ~ imc'tl al un:hcstfal !Il u,i~ia".

For n' llfe; nfomlali"" alklllt n" i.., at work. the
summil and the Award. 2005 ht1R;[!~... l.OO.S.
~

AUSTRALIAN ACOUSTICAL SOCIETY
TRAVELLING GRANT 2006

The Aumalia n Acouni<al Society Travelling Gran t Mi be@nesta bliihedtoerl(ouragemembet"softhe Societytoattend
the tnt ernat iona l Congr eii on A{oun iu in Mad rid, August 2007. T , travell ing g, a nu will be awarded , each of S1,OOO
The grant is open to 'a te or Studen t

include:-

Ent ires should be forward:~b;~~~:~:~~:~l~b6 in electronic form, t oe

General5ecreta ry@acoust ics.asn.au

114 · ....01.33 December (2005) No.3



ACOUSTIC SYSTEMS - SALES
Headqtlilnerl.'dinSydney si D(el999, Wf! illStall reverberati(lf1 C(lf1lfCll andlfan~loss

ptodtIC~ lItrougItoutA{I';tralia.

Weale stl.'kinga dynami<SalesManager;with an adequale understanding01eccestcee
oryanda verystrollgfamiliatitywitl1 ccosmcncnsite methodology.

IdNllyyoowill wOO: iodepeooemly.and have thl' abilityto genefalenew workstromthe

archill'l:tural design I specificationsta\jle. estimatillg f tendeling.liaison witl1consultallts.
architecls,.builders.SlJppliman d,projeoct maoagernertt ol all inhoUSE'teamof instaUers.

Astanillgs.alary package of around SGOK+ SUPE"" is a~ai labll' for thl' SIJ( cessful caodidate.

Pleasesendresuees to : M'iG.Macdooald. POBOX810,I NGl [SURN NSW 1890

University of Sydney
Acoustics Laborator y Fire
On the coCTlingof Friday 21" Octoocr 2005,
fire look hold of lhe anechoic mom in the
acouslics labora tory al the Unive rsity of
Sydne y, Even thoug h une wou ld think that
Ihere i"nolmucht.., l:>uminananec~..,ic"""m,

lhc lire was susta inc<!for ,omc t;me. fanned
I:>y Ihe air cmldi lioning and a rompre,,,,d
air supply to thc room. The eau "" nf lhe fm,
remai ns unk<town , but "'.s probably due to
an electri cal fault in til<> IigblS. While the
11amesweremainly re't n" led lOth c anecbn ie
room, jor smoke sri lle<! into lhe r'''l of lhe
laho M ory, deformin g phl-, ties and leaving
gJ'C.l3yCUfl"osive>UOlthm ughnul

Nutlu<ly wa, injun'1l by lhe fire , bUI a
cons id.,.'1'3bleamnunlofdamagcwa,cauocd
The aluminium I:>ody of a d<J<lccahcdra!
Ioud,ptaker in the anecho ic room "",Itc d
l--omplt1cly. All nf lhe lnud,pcaker.;and many
mio,mrho"" , in the ma in p" 11 of the lab we re
damaged. Compu te'" in eo ntac1 with the
lmoke arc w·riuenofT. A1 lca' tscve n aco ....l ie
doo rs were dama~'<'d or <k.tro ycd. Tbc l. b
will be w,u",blc f.....'l Uilc",'mc lime ,

Thc dej!1'l.'C 'o wbieh Ihc c~cnl i. in. un,d f"r
"'ma i", "'be "'cn. Clc.u ly'hc k," of ~cl-"' ''

wlhclaboralory foral lcll"l oDCyt'ur i.oot
insurcd fOl'Thcrq>l;tcrmcnt ofo kl",! uipmenl,
...-hid ' 'Ny do."''mtoha' 'c fully
depn:c ialC'll yl"""'''''mc d ifflCUlt;..,.,(h·.,..
1000 ;'e lfl>..r C\lu'I'lTlenl ha~c boxn rcnl<l¥cd
from It. \at>fur u"",mcnl and elcam nll.
Wc ha~ al,,", dy found lha' olltain ins a
", ali.' ;'; a_ t of n:irn-UICment Iakillg
inlo llCCoon, acoo>lie trealmm1 and dctail ing
ft'qUil't$ ~al vi,i bl\Ce

Tbe lah hal. bt-cnbuihllr o, '.,.. 3S Y"lnat'Ml
ha. in lhe ra <l ha< benefil«l from dnn3I......
(If equipmctll from lite AIIC , PW(), EPA
and consu ltanlS 10 ...."'" a f~w', It ha. bt-cn a
sil:nilicanl cooTTibul(lf I"acou<1ical rn<art h
in AU<!Tllhae.pc<:i.ll y in n ehil"""" t"1l and
htlildtnlt """""tcohtll . lS(li ncn'lI'!\fl"""'ta l
"COIIsti<.. and _udi" . CUfTCnlly the lab has
onc l'lI11·limc acaJcmic 'llItTmemt.r, O<n<il
Cahr..... oM ran-lime >lafTn",mbc r, Michae l
lIal<<. 111.'" I<-'Cltn;ca l omeen . Ke n ~lc.. 'ar1

a",IMaltSlor~y. ",,'er.lea,... 1 ' cachinlls"' fT
( including Joon B.wclt. Ken SlCwart. Michacl
. ·id ,,,r, S-am FCl)\uson and Chri s Field) and
c;ghl "',,"'tal)' >-tatT(Ne.'iII" l hi"'" . John
O" ltlherg , Jo", ph Nannenetlc, An drcw
Madry. " il;c1 Hc1yer, Glerut Lcembro~en,

Jin Yon~ k.,.,. antl h:,g us Fnc ke ~

The laoora1\)1)' has suppo n «l tcaching " f
acn u,;ties1O I<I"ch il. e'ur c s tudents , a poplll al
grad uale cou rloC,,'ork program in autlio and
aco II' l ies,and$Cn ralrcscarch.tudenl-S
working in a", as slleh as oplimi sed anecho ic
!iningdcs ign, a"dilory room si/ e pcrcep' ion,

' p«.:h ,n,cl[il' ibil ily,sound tlitTusio nin
alld,l(lna, psyc",,"c (>u<l,ul model ling of

f1l"' flIlicv<>ca l'lOll nd.and 'K'Und absorbcr
design for sma ll mom.<. II at", ha. pm~idcd

,he"".... f....- w r ""' n rn urch .h"'l'wilh
,hal (,((l(hcr IKIMnII') >14fT,""wcll .. work

Iinkc.Jtoulhcrfaellll ics.O lbcr llnivCI'Iil ics.

indllstry and th~ conulllillit~· . h has bad

sign' fica nt <"cc"s s,,";n co llaho ra' i. 'c

' e<.carch fund ing" han ng in S900 k o f gmnl'

in lbe p">15 y""""

\\'cOOI""orcbu il<llh" lab bcller,aoo ltopt fully
much bctter ,l:>ul ",'iUllI.'t>d,ubstan'ial slIppon
10 00 ,h i, . Plca",eonlllct f Cf£US Frick e
((C"t]:;.1, archusyd.ed ll.I U). Dc nsi! Cab rera
(<km,iLOi....yd.edu .a... 02 935 1 5267)...... K~n
Si""lIn C,"",wa),@are!t.u'y d.c.JII.au,029J5 1

~~llc~~'~~: ~I~': ;;:~~I~::'~~~~f::
impm'·cd labora'ory.

F..'V.., f'rtd.,. lA~" jl C" "","", WtJ Kn
Sm. _ , Fa...rlry"j.'ir'l·ltd....fJrn' . C..iwr'J;il)'

ofS ,d"""
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Senior Adviser, Noise
REf NO: 862 512005

ADELA IDE

PSO] • 564 .060 · 56 7, 98 9

Dut ies: The Senior Noise Adviser is accou ntable
to the Manager, Ai r Qual ity and Noise Branch for
developif19. implemen t ing a nd communicating
noise policies an d progr ams t o gove rnment,
councils and interested industry and commu nity
groups which ensures th at appropr iate, consistent
and effective stra tegies are adopted lind enforced
The incumbe nt represents th e EPA as an expe rt
in th e env ironmental noise f ield o n nati onal and
sta te committe es and forums on noise po llution
issues.

Essentta l Min imum Qualifi cati ons: A Bachelor of
Enginee ring. 'io<ien<e or Ap plied Science Deg ree
wrth eligib ility for Membe rship 10 bot h t he
Institute of Enginee rs Australia and the Australian
AcoustiulSociety.

Spec ia l Condition~: Please refer to the Job
and Person Specification for ~pecia l cond it ion~

Enquir ie5t o: Jason Turner, EPA, telep hone 0882 04
2046, ema il [eson.tu mer e ste te.se.qov.eu

Appli c ation~ to : Dannielle uavts, HR Client
Service Officer, EPA, GPO 80x 2607, Adelaide,
SOOt, te lepho ne 08 8204 2089, email dannieue.
davi~05tate.w.gov.au

IMPORTANT: Your app lication will be a~'iII!5u'd on
the.lob and Person Specifica tion criteria . Plea!ill!
edd ress t his crite ria in your app lication . Guidel i ne~

fo r appl icant~ are available at www.epa.w .goy.
au fpdh/a pplication_gu ide.pdf . Jo b and Person
Speci l icat io n~ are available from www.e pa.
se.qov.e u'vecenctes.btmt or by contact ing Sophie
Giorgines. tele pho ne (08) 8204 2063, ema il sophie.
gio rginedhtat e,sa.gov.au Pteese re ference
862S1200S when applyin g. Please forwa rd an
or iginal applicat ion plus lou r copies. If emailing
your app licatioo , please be aware, for the
app lication to be considered it must be received by
5.00p m on t he d osing date and hard copies need
t o be provided by S.OOpm on Monday the 13th
February 2006. The EPA is an eq ual opportunities
e mployer and safe ty is a core va lue.

Applica tions Close 10th February 2006

1'6 · Vol. 33 Oocember (2005)No. 3

Afunn y tesselation happt.·nt'don (he ...
way to the conference. ,~ " ,~ '

., ' , I • ' ,.. ~

:h:~:~d~; ~~~~::~ j.;~':j~~· I~: :-;;: '::; '~
slight detour to hi_ "' 3)' lu rbc AAS:l)l)5 Cunf"ll:lICc ' ~

~~~::I;:ic~:~~~~~~n; i~:.~~U::;:jll~,:7~:_:;~' ,,- "
A U'lfl h l . " ••) ... _ , , "

TIle 1l00f covering the 3trillm of, lhJ. butldfng IS I "
dclighlful l'cnn.'l: tiling (ll~ OlpCfiUllic lilin{m :Klefrum
on!)' lWO simple ~ha~ - "<"C' pboeo}, n ll..rt~mu:'1 bo.'
will e way such an ~leganl SU1IC1ure mighl bt useful
in itCou'lic~ , Try the fulk.wing web add~ tor mort
okt.til ~ . , .

hnp:" ....'...."' . n'llurc _comfn~lun:ljoomal.l...4~6In704'1/fu til

436332a.html



AUSTRALIAN ACOUSTICAL SOC IETY

COD E OF ETHICS
I. Rt~pon sjh i1il y

The welfare. health and safety of tht to mmunity shall at all times rake precedence over sectional. professional and
private ir ucresrs .

2. Ad\a nt tlht O bj tct s or th t Sot'ifl y
Members shall act in such a way as to promote Ilk.'objl.'C1s of the Society.

3. Work .. 'lthln Aren of Co mp<'tent t
~kmber.; shall perform ..()r\r.on ly in lbeir areas of com petence.

4. Applit a ti,m of l\n O" ltd t:t
Memben shall apply their.k ill and kllol""'k dgc in tht irueressof their employer o r c1 i~'I1I. for whom they shall act in
proftssiona l maner.; a.sfaithfulage nlsor lrustccS.

S. Rep utation
Mt mlll:r.; shall developtheir professional re!'Ulalion on meril and shall act at all trmes in a fair aod honeS!manner,

Ii. pro rl'ul onal Di'\l' lopmt nl
~fember.; shaIl COnlin uttbeir professionatde\>tlopmtnl throughoutlhtir careers andshaliassiSlandencourage

others to do so.

EXP LASATORY I'<iOTES

I . K" pon,ib lll. ),
In folf llmerwof thi5 requirml ",'mtml>er5ofw S<'c1<fyw ll
(a) ..oid ...ignmcnl<Ih.ol"'"Y"realt """f1iocl ~ 1M

;nlt rn ts of the" d i... ,• • empl,'Y"rs. Of C"'l'"",,",....J 1M
publoc inl<:r<'OI

(b) """ro." l<> llCCepfabkl"...feui"""l ilaNbrd anJproo.:rou'n..
.-.dMll<1 ina ny manna ..... nwy~'ng.ly teoP·rdi .. llIe
pul>l"'~lf""'. beal'h,"'" ..fety

(e) croinM:... lOpromoIe L... oodt-Or,ng of the rom munity• •nd.
ir "",,,,·ru lcd in lhnrjudpw:nl on thi. , iI'lfufm th.i, ch... ..

Ofcmpl"Y","or lhc l'O'''Ncc'''''''''l''''''''''' '
(d l cooIribu,e lO p..blic ~ ,........... on mallen within their

com~.""e when by.., doing the " " U·bei ng of .he
community canl>e .<h'onctd

1. Ad'"nc:e l~ Ohj«.. nf t h.e S<><I~ly

AJ1Ilf1'I'Iriale obj~.. of !hc Sao;ie<yas h" .d in the Memonndum
of A...,.iat ion arc
Obj.."!( I)

To prumole and ",h-ance acOUSliCi iI'lall iI. Imnchcs and to
f... ililatew e1challl eofinformatlon and ideas in relation
"","0

Object (e)
To enco\ll1lge the .1Udyofacousriocs, higl1light e,c~lIe""" in
aeou,"!i", and lO ,m!"""'e and d n 'lt e the grncr.l l ond
te<hnical kn",, "ltd ge in any manntl co"" iJcrtd IPP"'P'"iate
by the S<>eiety.

Obj~(g)

To . neoun ge rescarch.nd the publication of "",, -
de", lol""'- l:; ~I.'ingto acou"'ie..

3. "'nrk "ithin A " ofC"m~lenc.

In I II ci",um 'lances membe," ,hall
(a) inform their emp l"Y""'ur c1itn l. if a"y ' <signmenl require,

qualification, andiN e.ptrtence """irk thei, fi~ ld, of
compele nee. and ....h~re poss ible make approp" .t e
m............u.lion\ .. lTp'IIlotho~""f.-lhcr ....'iu-

(b) rcpun ....... IUlCm<rJl>.,l>"C~<K~."...

objcctiw and lnt.hful manner and only 011 theba, i. of
adequate knowledg.

Acousti C$ Auslra lia

rc)~eol the u"""" uf ""l' in.""",. p""un;ary or oollerwi...
lhor """l d l>e rn... lO aff""' thoe"judfeme nt in .....l.u.:..J

Appl lorallon of K_lodge

Mtmbenshall 'l al l lirDes "",equi",b1y ondf.,, ~ i. doca l,..
" ,l!Iotbe.... Specif>cally l!>eyollaU
(a) Stm " lO .. -oida Umo..';oor polential """O"'h,,(ilU<reIt,

andk..,. emp!oy..... or d ients fully infum>ed "" all ..........
financialo r UlChnical. 1bat cooldIeadUl "",h ron OlClO.

(l»rellL....compemalion.financi. lor ......... ,.'IC.f,,"n""". 1Jw,
one party for ..,....,itto on 1M $3Jtlt proje<:l, 1011"" the
circumsw>cto are fuUy disclosed .n d .g n:ed lO by .1I
in1Cresled pa,, ","

(c) "" i,her !IOlici. nor .c~p' fi nancial o. o 'be r v.lu . ble
con';dend,,,,,.ftnmmalcrialorequipm~ "'PPI;""'in

",.urnf"' .ptci fic.'iun Gt~mmenrlation of'l>c "

prOOJClS,or from contra..'1OI'S or oIhcr p.nieo.s..l,nl!' w,th
rbt ir employer or d ienl.

5. Rtpullllkln
Non,,:mbcr !Jlall acli"'l'fOP<1'\yto pin .benefnlJld,
a'"COfdingly.sil.1I001
(. ) p.y oor offcr indu"" mcnt.. enhcrd ,rectly or ind'rectly.l0

...u~employment Of ~nga~~"""1

(b) fol" fy 0< mloreprnenl th~ir qualiflC,",on" O< C.ptric""". or
priorre"p"rl<,bilil"", _malicio.. sIy''' <1I~I...lyd<oanything
lO,njure lhe repu~prospe<",,,, bUll,,,,,,,uf .~he.._

(c) .... thc:ad,Wlla8"" "' pm 'ilc;'Cdpooit;"" . IO"""I'tlc .mf. irly
(dl f.ilto llivc:Prop<"r Ck<ll1fcor......-k<>f"'hc"'towh"m c~dil

i. due nor 1<>ock,-INIlC the c"" ", b1di<>n (>(o,hent.

6. I'ro'e.""ntl)eV<' l""m~n t

Meml>e".ball
(.).m.... lo....- t.n dtl>eirkn""' lt dgt . nd ... illo in ordt'rto

:.'::.::.:: : inuo... iml"\"'tmenl iJl the SCit'netlnd PrOCliee

(b) 1IC1ivcly ..... ..-.l~l!lOMlIIldtTtIle'r dj r""l i"n or

with wh"rn1hey . "' • •"""i . I..'<II<' .......", 'c th~irkn"",It<Jlle

.nd .k,lls
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WINIIOW MICROPHONETYPE 41AW:

A windowwill oftenbe theweakest point in evaluating

external-sound Insulationwhen measuring community

noise striking facadesof buildings.

Microphone:Y2" f ree Field SOmVlPaType 40AF

PreamplifierType 26AG

Mounted on 160mmdisc

Detachable hemispherical foam screen included

ILlJW NmSIE MICROPHONE SYSTEMT1!PE 411 III'

Meas ures noise levels below the threshold of huma n hearing .
e.g . from disk drives, other inaud ible devices.

MicrophOne:
SensitlvltySystem
SensitivityMicrophone
Preqresponse
Dynamic Range

1" Type 40HF
1.1VlPa
110mVIPa
10Hz-10kHz ±2dB
-2dbAto 110dBre 20JJPa

ETMC lI"ec l1no~ogies

619DarlingStreet ROZElLENSW 2039

Tel: (02)95551225 Fax: (021961 0 4022 Web: www.etmc.com.au
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