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s ,"" C.nk<! B" :'>Ioo n Orbilln ~ I art h
hund To B,""a, h A« , pta"' r UIII;"~

Ok, so thlOl....... bit of a mislcading headliM,
but it ob\ i",,-,,>, got yow . nention, ...h io.:hI
~ ...i llhoet"" rons istcntlbcmcorThc'C
mn..<agcsduring Ill)' lime as ptTSidenl. ~'irst of
an. I' m ~cry c~dtcd about beeo ming
pr<:. idcm.l1Jere·, all"nuincbuaaroundthc
indllSlryattbcmOlllCnt -youcanhear it can '\
you - and my goal i, to injcct w me of lhat into
IhlS ce lumn ",cr the ne~t few issues to give
j'<.lUa .en ", of ,, ·hat ~ hoi and happ"ning in thc
indu. tryrighln ow

You all knowthat Acouslie.Au,t rolia isa
'I' lcndld journa lwilhaslcllarnl'ull!l ion, bul
;nlll. cou"",ofmyw<>rkl'~c h.dmy e'IIOthe

Ground. ami have be' n fecling • 101 of
vibnllion, thaI manyo f yoo 'MIuldcnj oy ,;omc
hghter contcnl about our induSiry - why
""....Id goo,i p .....ummstll in magar""," and
""""""PCB hr.".n the fun? So whillo I'm
' ''lIl nd l'm going torry and d,g up as maol)'
inlere. ting or . mu, ing .10r i•• aboul our
pmfeo;ilJllao l can(or you c.n cmail tome)
ll opcfully $OJ1>C of them w illcoo t. in .f..... . il:h
~rls llf"',<d""' fnr us .11.

nus IS . lso I"" right hm. to "'y ' hig
thank)'lKlfrom all ofTt1cmembrrs ro the odJtona l
tcam (Neville.M arionandJosrph jfor t,,"ir h:1rd
"'lrka'... JaIiCllti,," i n rnJdLiCi~ lIlejoornal

So [eun hC"'Y', uallw<> ndcring who o"
can h i.• Neil C;n \Sl< . nd hnw did he become
presid.n !'! Wrll lheru""'prc,idc'11l ""ea lL..,,,f
an ul"CI slOm. eh - allhe National C""'lCil

Thi.i""", o( An>u.•Hcs ,t",/ruliai' lhe l3il 1O
bepro<lucrd by the I'",. e nl ooilnfi.lu:am in
Canhetn. . o.. j"""",l hasa l"ngandp.ood
hiOlOf)', from lhi:: l;me;1 was rst ahli,hed in
1912 .. lhe 8allrli~ of /he AaSlrolian
Aeo", /irQ/ S<,dny ,,·uh an edn" rial team
based in Melbourne, In 19112 lhe Bull./in
c<iitorialho:",lquarterslf><>'"Cd toSydncy and
Ilo..,...,d Pollard loo k ""..... Fdit,,!, with
Mari"n I-lUI'\,'nO, who had also "".n involvoo
IIIlhc carly , tulles "f t1>c: juurnal . as A""ociale
h lilOr, and a nrw hiJl.her·quality f",m aT. In
19115 the litle was ch,niled 10 ,t,vu ,·tic.
Au,.tm lia. l1" ward .n d M. ri"n conlinued til
cd,t the j"" ", al unltl l IN} when Howard
retir.d as !Od ltor and a n.w . ditoria l
coounin • •• N....ille flrt chcr. J""" ph Lai and
M. rioo B" 'll cos, ,,,,,,, ... ,,.l>lild>rdin Ca nbr,,,,
So now••fler t.....,l"" yean; of cdmn g the
joom.I.""' ... p"""'tingl" ... nd "'.... IO.
new te.m based 'I lhe Uni'" ",ity o f N.....
South Wales in S) dMy and under the
!OdilOOlhip of J"" w,M. rrom tbrSclKlO lo(
Physics. n..,,,,hcrmcmbcrs.,(thiogroup an:

mccring I duckoo out ro goro Thrhathn>omand
...'hrn lgolhack disro\--cred l 'd been\'OI. d in _
lherr 1hrn! for all of us-stay in yoor
..~, 1 ld abo hko!rotli.this"l'l"'f1UniTy

ltH.....'~ Ken M,kl for hi~ woo-las president CNrr

thc last2yurs. Thc socictyhlls bren ....inillj!;
I11OIIl<:1Ilum in lhi. periodand K<:n~,-nrrgy is a
hlSp;utoftbc S""",tb.partio.:ularlytn ...,curing
t"" ICA conf. "' IIC. in 2010

My ca", cr , tarled in Ih. UK whe", I
slu,li,..:! "",,,,bunieal .n gillCering. c" mplr t.d a
MII'l e!. in I\ co",t ic, Ihm ugh a re.un:h
projecl and thr n w<>rkcd in con,u lting for a fcw
y.a rs. lfirst""tf,>ot inl\u,trali. inl 99 l .nd
""" imm. d'ately h""k .d , My fin;j job he",
"""' ilh a nrilliant••nlgm. tle firm callcd
Wilkin Murr. y. At lhe tim. they ""'" "".
llf Ihe ( e<,n.,ultanci•• in Au'tralia 10
I'« <>gnisc true g.n i.... bullim.:s were hard and
Iney g.>~. me employmenT. Because I am
trrrilV in j<:>b in~. I da:idcd lO $l.1y wi th

WM ..'bt re la m oowone ofl hr« d,,<>.:t<lrS
NaIUrall) '. • mce my background in

acou.<fio.:,i. ah""".min,[yc""",It" >CJi b-asrd
[ am kc''11to.ncoor~g.lIICmbcrohipg"",'h in
thi, a"' a, that doc.n· t"",anl'mllOlgojngrobc
gunning for. b"",d range llf octivities in the
society _ I 1 ~llnl it's "itkal thaI "" havc 3.,
d;~.lV a range of mcmhL-rship as po,s ihle
y" u ,hollld .. ",en,hr' lhcrc are IJ"ficld, nf
inte....... - ...-hlchy""c.nsclC<.:lfrom in th.
annu...or " ' '' ''''' . su l·m k•• nlnheat( nowlfr"m
any meml":n in c"" h "f t h""" fjc ld~ cagCf lO

pr..o,,~c (Un he. dl""u..i" n .mon gol members

John Smit!l. al<o from tho:: Schnol o( l'hy, ics.
and Emery Schubrnf'ornlho:: lk,-.artmenI " (
Musie and Mu.~ I'duca lion. Marion loa.
. g"-"'<lroeOOlinlMlooillng tI>cNcw.. and N", ...
secTwnof the joorna lf", alfan.<itionpr, iod

I'd iling lhe jo....rnal i.. .,r ...."'"'. only part
"fthctask · J~rhLaikas kept u",fultrack

of ourfinanccs• •nd ..~h",·. h.d ~n ucc lkn l

busin... manager in le igh Wallhan. a..d 3
highly em cient produc tion lcam al Cronulla
PrinTing unde r SC"11 Williams, an th. se
arr"ogcments h.~i ng hn:n lnho::riled from the
pr"" ious commi n"" ul"ler Howard Pollard
AlthoughCronulia p.in tinll h.. "' .... mCl}!:ed
wilhC lifflewis Prinlinllin("winllbah,al ll h.
production . rT3Ilgemcnl> """"in ........Ilially
unaltered, w. are immc!lM'ly i~"ful (or Ih.
he'p"flei~ h and Scort ....r1ho::}'ClIn

Loolung hick ,,"",. our timrat th. helm. il
i. c.... rlhal"'" ml1rnloo . jo........ l IhaTalrrady
had a .." llrstabl i, hrdcdnorial rq>utOlllOO.nd
prOOucti""f"""al. and wc hopr lhaTwc h...
cnhancedlho:: inTe", . t .nd ,ta'"s "rthejoumal
while il has """n "nder our cn e . In accord

"" th "~,n",,n inl<1'nl'l. Just send",. mernail
(pre.idcnT'~~vu.'liu.a.",.au)andwe·nll1'and

g<1lt1mC1h;ngot.ncd
Snwi th lhe m!n>du<:til"" ......1 of lhe way.

lrt 's get hack I" thaI indu,try 001l. As tOOoenf
youwhu ....,r. thrr. already know. the rr<:<:1Il
AAS c<>flf.,..,...." in tbc Gold Coast " '. s a
elltk.... withspcctaeularl),highallcndanccD nd
hra ps of e~'ellrnt pape"' . The c" nference
dinn<:rw ••• greJle....nlal1cndedhy "" er 240
people. A higt hanks to the ..rgani'cn and also
Ihcprc>ml.n r''''l1Iakll\g lt ." ch ...,,~

I b~,'c fou,odmy memben;hip of AAS and
my role on bot~ the NSW and National
enmmi t"", ha, .llowed me to meet mo.t
1'C''I'1ef'rll.11.. ne in aeoo>lics. lamcn.wioced
thaI any ,."" "r.;:o JlaOOralion is posiliw: foroo r
pw f....ior>, gi""n 00.... •prci a lised and
rrlaTi~ely Jmllll itis ;n Au.tralia. lkine ablcf<>
put a facr I<>a OOIl1<'.getad,je., from your
pcr"., """re lno. lcd!:t Cl "'fJi pmr nt canooly
reallyoco:u. if ~'I'k ~ "'JCl""' OIl. rrgu l.r

ba,;i. and tak. p;on in Socicty funcliOll' , You
know ...·hat thcy...,. l .....·lc<Ig. is l"""" r so
let 's a ll kc..1' " n s l'lanng . " rr.n as ros.' ibl.
bo>......."' ir wc arrpcTCft'rd a. a pmf...i"n
....ftcr. ,e••""ah le e.-,_,. in advic. is
given and pradi ",,1 luI....... or compromise
eanbcf"und,IIo hoIe l' ''' fe" ion gain,
respect which wil; be """" f"" . 1 fnrall of u,
And 'p •• lins of ....,.i~ don'fnrgct. i f you

h.,'c anygrC"st~ ""' a...root.~ thatyou

wanll" .harct!>r nlctmc know,

w·ilh inlc..... llon.1 pract ic• • ,he pap: n
I"'bli.ibcdi.. A....... /irs AU.'troli<1 ha~always

brrn f"n,,"lIy prcr-~.Wedo OOl.im.

""""",, •• tobe a Rprimary rcscarch jou rn. r
hul nlhcr to "" nccnrrat. o n pllbh, hing
m. lm al lru.l i.ofinlc......l andimfll>rtanc. l<l
the Austral ian ",·ou"ic. "" mmllnity. Wilh thi,
inmi nd""al.o rcgu larlypubli,hl."" li,rma l
an id es, commeot, and ne...... ilem, . We hope
Ihat w. ba<'c ach iev. d a balunc. Ihat i,
allfaclive 10 membc""f lheS<Xi..1y.

N",, '• • s "" P"'" the hat,,,, " n h, Jr.. and
hisleam. .... ...ish them allthe best. WMe
c<liling . joornlli is oflen h. ,d w<>rk. and
deadlincsIOOOl ...illl di"""';nl: ,,,,¥ulatily.i l
hI> bren a sou....." " f gre'l"li~faetiun 10 all o(
os m ha~. C<>ntill'llC<l lhe lradilil", . We...·i. h
Joc, JOOnand l:rnr l1' a ll lhe hcsl in the )"'aB
10come. and 00pc th., Ihcy""joy lh. ..... k as
much a.~ wc hav. d"""

Nn·j/J.. H ...~Jwr

J" ""p/t LJI
Mnrl onfl,.'P""
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VISUALIZATlON/AURALIZATlON OF SOUND
FIELDS FOR ROOM ACOUSTICS'
Hidck l Tachihana
I n ~titu fe of Indu strt at Science, Unlversfry of Tokyo
Komaba 4-6- 1. ' l cguro-ku, To k}o IS3-SS05,Japa n
lac hibana~l i s.u -tokyo . ac.j p

ABSTRACT: TI'e fi rst step of archilttlU ral and acou, tical design of a conccrt-hallitbcatre is to choose the fundamental room shape
S.:co ndari ly, the shapcsofwallsand ce iling are des igned .., as to realize proper rellections and diffu sed (b1cnde<l) sound field. As a basic
sludy to investigate thes e po ints, 2-<limensional Jlumerica l analyses by Ihe fin ite difference time domain (l'Il TD) method weI"<' perfo rmed
for lypical room shap es, rectangular, fan-, haped, ellipt ;c, cl<:,. with and w; thoutditfilSivc ro()lllooundaries.ln thi, presentation,lhe
dilTc,cnce. ofw und waycp" "",s.. ion and ..,.,nd difY",;"',y in the rooms with different shapesand difTu,;on treatments arevisualizedby
comput<,.... animalion and the rol1ffi ' lIIJ"lbc m.p<>fl>a . '" C'lf1'l'"mJbyaurali,.alion technique. A new idea to simulate a sc>und f,eld by
c"",bining the HH D cak ul"tion. nd 4·c";",n.-ln:p!,'<lU<:lioo .»trotis also inTroduced

where p is the sound pressure, II , and ", are the pan icle
velocities mx- andy-d irections, respecnv ely.p is the density
of the "ir and K is the volume elastic modulus of the air

By expressing these equations in the cent ral f inite
difference forms by applying a staggered grid system with
square-g rids (Ll., .Ll." see FiS' I) , the followin g equations are
obtained

reflect ion, diff raction and scattering. To overcome this
problem . the "Finite Difference Time Dnmai n (FDTD)
method" [1,2] to transient acoustic phenomena has been
investigating in the author's !aboratory [4-11]. The outline of
this calculation method for 2-dimensionJ I space is as follows

In a 2-dimensional sound fid d, the sound w"ve is
expressed by the following partia l differe ntia l equations
F.quations (l)and (2) arc the momentum equations in x-and
y.d itectin n, . respect ively, and F.q. (3) i~ the continuity
equat ion

1. I NTRODUCTI ON
The firs t step of' architectural design of concert halls and
theatres is to decide the basic room shape. As the basic room
shapes, rectangular, horseshoe-shaped, fan-shap ed, hexagonal,
c i", ular,~mi-ci",ular,and e1hptic shapes aregenendlytaken

Among them, rectangular shape is often used for classical
concert haHs represented by Musikvereinssaal in Vienna
Horseshoe-shaped, circular, semi-circular and fan-shaped
typcs are often uscd for theatres. Elhptic shape is also often
used for various kinds of halls. By the differences of such
~m shapes, the sound p ropagati on cha racterislicsshould be

much different.
As the sc<;vnd step, the shape o f the w,,11 and ceiling is

considered. Usuallythey arc designed irregular 10 make the
sound in the rooms diffused (blended). These room shape
design ", orksare very c~nti"l in architecturallksign not

only from aesthetic viewpoint but also acoustical viewpoint
In the author '!; laboratory, such fund"mental studies on

acoustical design uf halls have been performed usingscale
modeling and computer simulation techniques. lnihis paper,
some exampk s of basic investigations made by visual and
aura l simulation techniques usinl'; Finite diffcrcnee time
dvma in (FOTD) methO<\ are presente d. (In the aural
presentation, these results are demonstrated by computer
"n irnation and auraliz.1tion teehniques.)

2. NUM ERI CA L SIMUL.ATION BY FDT D
M I<:TlIOn

Calculation by FDT I> Method,
for the purposes of sound field analysis and visualizat inn of
room acoustics, such computer simulation techniques as ray­
tracing and image-source methods have been devejopcd and
being widely used . This kind of tech niques based on
geometrical acous tics are ettcc nvc for rough estimatiOll nf
sound rclk-et ion and absorp tion in a room but it is impo~,i b1c

to exaetlydcal "iithsuehcomplicatcd phennmena as sound

CP(X,y,I)+pim, (x,y ,I)=O
ax at

iJp(x, y,J)+pDuy(x.y ,t) =0
0' ill

Op(X.J',I)+K(eu,(X,y,I)+ DII. (x,y,t)) o o
ill ax 0'

,,; +I(; + 1/2 .)) ",":(i+1/2, ) )_

P~h {p- " ;2(; _I ,) )_ p .. I/I (i , ) )}

1I; ' I (i,j + 1/2 ) = 1I ;(i .j +1/2) -

P~h {P••I/' (i, ) + 1)- p .+l/1(i,j)}

' Rc"rin led lrom lhermceedinj\>o rWES PAC-\1t1,Mdboorn<2003

(I)

(2)

(l)

(4)

(5)
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p """,, l (i,j ) "'p"' ll (i,j) _

'''I'': (it ~'2.j)- II: (i - l'2.j) + !?,(i.i+ llll - II;{i.J-1,i2))(6)

.V, M

whc1"e M is the . it t of lhe ""Iuare-grid md irKIicn II. li t 112,
11-112 and 11+\ .,knolc lime s' cps. In fhe ultulalion s
mCl1litl~hel...... l!."'·1 em for lhe spaliaJ @:rid sizc Pd
M"O,02msf"r l hedi'iCll'lc limcsto:p~sct

As lilt initial condiTion u Sllming an iml"' l.c ","11m;. a
smoot hly co ntinuous distribUlion o f sou nd pres. un: described
by thc follo\1iinllC<lWl, i,m"'1L' ~I (~~Fig . 2).

p(r)-1,H.....JrI2~ (,.<12411) (7 )

o (r >12M)

..1In'c ,. is the diaancc ('Ira grid po in! fnxn lhe wurcc position .
fbiit'd ..... the ...........ion IN I thr boundary is klally

rncti\'C.theoormal~orlhe particlevdocityoorbc

boondary i,npnsoedufol~

("

...tM:re uol-,. i. lhe Il<Jm\iiI compono.-nl of lhe panick
\ c\<w;lly oolhe lw>ul'l1lry.lSthc ""'\lnd pr~cand z" lSthe

IIOrmIIl .,UII5"C: impcdallCc on the bl... ndary_ /l en: . by
asswnin@. lhaI. par1 orthe boundaryi.:approx~h:,dby th<o

rv.osides of • oq~-grid :h shown in Fig,) and P can be
~ by the sound prnwre at the center point of !he
squa~rid p(-'I. N). lhe folJowins ex~iomM'e den. cd for
1hc -,,-.nd~b or thc par1Kk ~luo;iry onthc

""""""".
1I ~ · I("' +1 /2. N) .. P,o"i~ ,N )n . {9}

u;OI(M oNt 1/ 2) .. p.'l/i:' o,"" )", (10)

whercn.andn,a'C IM ,l -and y-comronen t,of tM un l t\l~tor

llorlllli l 10 lilc h", mdary undc r cun:;ilkralioll
To ) imr hl'y 1M prob....rn. il was assume d tlldt the no nn al

aruu)1it:: illlpC'l.laocc 00 the bUllooary consist s onty of real rart
inthj ~ lIooy In tllil case , 1M relallORship between 1M nonn al

3('I1tJ~lic im!"C'dan<:e Z. and the normal SOllrnl arn.orrt iun

coc:lftc ient a . i5c~ pn.'SlIl'd as follow5.

(I I)

In the ca lcu lnti,m mcn,i ' Mlcd below. it is assum ed that a .'i}.2·

(co rres ro ml inll 'o/..=7J 57 Nsim ') for ove r all Ireqc cncses re

,i mplify tbe IlVunda ry con dition. Unde r thcse initial and
boun da ry condition., the so und pressure and particle
vel"" ilie.. a t eaell grid perm were calcu lated ,,-ucc(8 sively

u\in gF"ls ,( 4) ,( 5l,and{6)

9O -\obI. 32 0eeen'00t 120(4) No.3

FiJ.2 Sound l'fC'"W'1' dislnbutlOflaruwld'he ....n:eI" ... ......,ll$
lheillili a!C\"IfId"io"'u fca ......lal;""

Vi~ua l izarion of Sound Propagation in Room s.

As lhe: Iyp icat room wJ"C"for cunce n hall s and IM;lTreI.

rectan gle (so ca lled ~shoe-ho...style'. fan-s hape and ellipse
.......'TC C~ ..ndlhe: .......ndprop.i'atlOn characlCri)1i~in

lhese: 2-d imc:nsiooa l rooms Wllh the: "'me ;I.ea o f S lll A m'
were examined by the FDT D ITtt'thod TI1cle n hand .i<Jcso f
fig.sshow lhe ca[culationre,u llsinthefurmof Msnap shol~

in thetime lapse: at'te r ille emin ion <lf lhe: impul '<CSOIIrce.
( When demonsteaun g Ihe re, ult , by cnmputer animalion , tM
.uccc'\sive prupaga linnof lhe wave fro nl o f the impulse ca n

be clearly visuahzcd.] In each f igure, the black circ le
indicales t hc sou rce p,,~i'ion and the white one indiealc5,he

receiv ing position for the calc u l~til'" of impulse respo nse
mcndo ncdlater

Co mpou isu nofthe"C fil:urc s re""eals tha' Illc propagat ion
otne wave from is mllCh dirrcr cnl in eac h roo m shape. In thc
recta ngu lar room , il i~ clea rly .......n llull ihe nllmbcr or wave

frun t i"",n-"-~~ with the pn'l!~"" "f hme, wherea s in the fan­
shaped and elliptic I'O<,,,"~ a lendenc y lhat the "'-a~ rronl

dc n""''lSa ndconcentralcs is _n.ElflCCiall y. intheclhpt:ic
""",'m , it is clearly see n thcwl\'e fronl focuses at arou nd the

source po.i tion aml its synllllClrica l p" int all''T1Ullely.
T he impulse respo nses al,he rceclv inll po int in eKlt room

are shown in Fig.6 (II). In these resuns, it is SCClI Ihal the

AcouslicsAu$tfai ia



OAm- Type-I

•
3.0m

Type -J

... rrftn

~
'[HIC-:!

•3.0m

T) 'JIC-4

n: f1O:Cll(....S are <J~nse and smoo lhly d iminishing in l ite
m:tangu larroom. ...-ltelus thryarescano:redandulIe\·eninthe

r"''''''WiM:d ....oJ.lh~ " lIil" i.: .VUI.....

Ba sic Slud)· on the [ ffeel of Soun d "Can t'f"ing b)
dlffu sers,

In COJ"ICert halls and tbcarrcs. wall and ..ci ting are gcru:rally
made irregular to Increase "' lUnd di ffu~j"ity. To c~aminc the
etlccr ofl.u ch diffusion lRalmcnt~.lhe RHD calcula tion wa.~

again performe d for the three types ofroo;>msby maki ng their
walls inq;ular. As tbe shape of irregular walt. BziWag shape
(Type-2 in FigA) wa~ a~StJmed The snap shots of the
calcu lation results are shownin thc right band sides of Fig. 5
Ry compar ing the results with thosein the case of no dilTusion
treatment shown in the left hand sid~'!I "f Fig. 5. it is clea rly
~ccn that the distinct wave f"m ls have heen much <J im i ni ~hcd

and scattered in all ofthe three rooms
The impu tsc res ponses at Ihc receiving points in the three

mom s werc calc ulated in this case, too. The results arc sh" wn
in f ig, 6(b) in c(lmparison with thuS!: without diffusion
treatmentshow n in ri g. 6(a) . In Ihe-,crcsullS, il is obviously
seenthatth e impulse response . hu vc h~"l:"memuch denser llnd

smoother than the case of without diffusion treatment. When
hearing these impulse responses through a loud~peakers or
headphones. it can be clearly j udged that the reverberation
decays have much improved 10 be natural and smuoth by the
d i lTu~i un trea tment . although Ihe early flutteri ng sound s
caused by the SOIlnde',"c(ntratioll are slill stigh tl) remainillg

sccostcs Australia

W E......

~Iool

Flit- 5 Sound J'll'OI'I'I.oIJOlII/II ~~ar (I), f",,·Wped (bl
...... .-I11f"'" «oj ff" . ;". ~ (k-n ""n<!
, idcj and ...ith lhal (nghtha nd sidel

in lh<:cases of the fan-shapcd and clhpnc rooms. Th il;;fact
illdicates that the general tcnde nc) of sound eOl"lCClltl'lltion
caused h}. the funda mental room shal'C' can not be prevented
comp let ely by this kind of difTu.~lon fT('atmcnt on the room
boundaries.

In order to examine ec d Te<:1 nf SllUOO s<:al\~'Tinll: by
diffusers in more detail. a rurth<..,. ~tud) wa.~ performed un the
n:etangularroom. lnthi,study. four kind, of 1igng shaI'C'S
shown in Fig. 4 wen: assume d, Amon g them. Type-I, Typ<.;-2
and Typc-3 are similar in shape but the site was varied in three
steps . The ratio of the heigh t of thc apex to the wid th ofa
tr iangle wa~ ~e l 0. 15. Typc-4 is a "two-way" diffuser
compos ed of Type-J and lYpc -l .

Figurc 7 shows theca1culatillll results . To cun'rmrc the,;c
rcsult~ w ith those i n thc casc of n" d i llil, i "ll t relltmellt sh<lwn

in the left hand sides of Fig. S. it i ~ clearly S\....," that the sound
is scattered afte r the firs t refle ction on Ihe diffusive
boundari es and the space is filled with "l und pre"ure
fluctuat ion , In Ihc ",s u1ts for Type-I . Type-2andT)pe -3.it is
sccnlhat thescauering elTecti sdependcnlon the size of lhe
di lflL~ers_ That is. in the case of Type-I, relatively strung and
continuous "' " IC fronts arc still remainin g. whereas they are
much diminished in the case o f 1)"1lC·3. In the result for T)~·

4. lhe effcctivcllCss of ·'fwo. ...lly.. diffu ser can be observed
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Bas
_ hI Ton<!,) ..... 1.)

(.jW,"""" d lf .... "lI"....."""

S S S
(b) W;'h di lfu>;"~ !.....,,. ,,

Fi&.6 Calcliialion rcsuIL, ,, f impul,,, ""1"'''''''' al Ihc rcc. iving
p"i"h >h()wninF;~5

In Ihe calculation by the FOTO mcth"d, in,Tan lan. OIlS

sound prcssurc at every mesh point isohtaincd. By squar ing

Ihc~nd pr.ssure, installlan.ousJl"tcnl ial cn.rgy distribution

in the room can be obtained and consequent ly the time
~"3rial ,,,n o facCM.L"'ic diffu , jvity in the I'''om can be eva tuated

qWlnl itativd y from a , ie·....poilll of the s(Mlia! uniform ity of

sound energy( I I ).

The Effect of Sound DiITu sin~ Trea t ment in a n
[lliptic Ha ll.
In thc acou,t ic design ofl hc Srnall lI all in the Kiryu City Iiall,
in Japan, wc ha<Ja chan''C lo upplylhc numerical simulatiun
IcclU'liqueusingt hc FDTDm <:thoo[5].Allhcfirst stage of thc
dei ign of this hall , thc arch iteclproposc del liptie room shape
Th is shape is very da ngerous and we propose d to make the
walls zigzag -shep•.'d with forwa rd -bern surfaces in order t"
pre'o=l aco ustic defects ceused hy tile bas ic room shape. , ,,
examine the effec t of suc h diffllsio n trea tment (and to make
the archilecl be co nvince d), numerica l s imulation was
performed

In the calc ulatio n. spatia l grid sizc of S em and di",r clc
lime step <If 0.08 ms were set and the sound ab~mJltion

coe fficie nts o f the wall , forward-bent surface s and floor wcrc
assu med O.IJ .O ,50 ao(IO, 12,rcspcctiv ely. The surface ofthe
ceiling was treate d as pcrf.octly abso rptive beca use high
ab....,rpti ve fi nishinll II;,l.s designed on the ceilin g.

Figure 1\ shows Ihe calcu lal ion results for the two
co ndition s. wilhandwith<lllt dilTusingtreatmc:nt,in l he funn
of " snar shoe" in the time lapse afte r the emission o f me
impu lse source. In the C'olSC of with out di/ru, ing treatment.
successive sound fccusmg is clearly see n. whereas SOllllll is
much scancr cd and blended in the case of " ith diffusing
treat mcfltby lne e llix t of lhe agag ""lls.

(ajType- ! (b) Type·2 --­(c ) Type-S ­(d) Type·4

0 2 5 10 lO[ m]

Fig.7 Comparison of sound pn~lt"t iun in uie Ul:t:lngular room with four types of dilT", ;ng t"' .'mcnll;
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Fig.9 Cump;uison of imruhe ""['<lOse bctwcen"akulat ;on and
n"'asu!c"", ,,t

3, T\ \ '()· D1:\IF:NSIONAL AURALIZ ATION
OF ROOM Ir.1PULSE RESPO:\ SE

As a further application of the mJJ1~rical simulation by the
FDTDrtll1hod"care oov.'deveiopinga techniquc toauralilx
the calculated impulse responseswnh spatial informat inn l~, l O]

FiSUl'l:lOshows toc principlc of the "4-channcl numerical sound
field simulation system". In this systcm, the uni-directional
imru lse resP.ffiSCS for four orthogonal directions are firstly
calculated by the FDTD method as foll",, 's

(12 )

Fig.S Compari",," of ,",uod pO'fUsal"'" in ~ J.dunen"cmal
cIliplich ali withan dw ithnUldilJu,ingt""'tmcot

1(0) == I+ ~OS O
(13 )

Afler the construc t ion of this hall, room impulse responses
were measured and they were compared Wilh those calcolated

by the FD1D method. 1"' 0 example s of the eom p:lri'l m are
shown in Fig. 9 and v."CCan see a fairly good agrec illent
betwee n the ca lculation (upper figu res) and the real

measun:ment(IOVr"Crfi;::ure s)

whereO is thesoutKIincident anglctuthereceivingpoinl. The
incide nt angle is ca lculated usin g the sound intensity
components inx- andy- dircctionsal the r«eiving pllint , In the
staggered grid system, the sound imens ity at the grid point (i .

j ) is ea1culaled as fo l1o,,"s and the incident angle II can he

calculate<Jby Eq. 16 .

Fig,l ll Ollliine of the 4-<h,numerical «>undfick!,inl ulatio" .y'tem
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!'4e..1, 11M: fou, di,eclion~l i",,,,,,I,,, n.-..pon:on are
rcpmdlln'd from four k""'*'p:aL,=" M:I in ~n__hoK ",o m ti

s/kN."lIin t"i" .9. AI the~ point or the .imu~ toUnd
fie ld.. .. e u n hear lhe impulloC ,~ .. lIh sp;!lia l
ilT1f'l'""..ion.(AIprncnl. lhe~em is f0f2-dunensionbuill

is euily up;!ndcd 10 3.d imc:ntioul. in pnnelp le.) By
applying Ihis a lll1llli1~I)oo system. "'1' ere _ mali ng
~uhjc<;l i\ c: hc:lLnn~ lC:Sts on !he effcct of .. >uno.! diffusing
l1calmenh on lhe: ....all~ of wr>cc:I1 h..Us (10). Of a>ur..c:,by
oonvoh 'ingNl arhllnlrydry """,n:c Wilhl he 4-chanoel impul-e
responses. we can hear the sound wilh 2-dimen. ional
. paciousness, In principle. At prcscnl,hO'Nl:\'\:r, u is di ffk ull
to calculate the impulse rc"fJ'Onseup 10 hi]lh frequencies
Cflllullh f"rlish'ni nll music.

4. CO NC U JSIO :\S
As 8 basic study 0" ~ isua li lat i<ln or ro om ao:nu, ti, . "s inll
nunll:,i" d simulat ion leehnique. the . ound pn 'pallation in
rooms l)fd i ITerenl ,ll:1pCsarld lh" ilCanc,inH C IT~'<:l o fBeoust ie

di fTu~ have hc<'n im to;l igaled by applying the fOl D
melhlld.A sa n."Ml Il. ilha s be<mfound thal this kindo fwund
rlc:ld .imubl i.," I~niqllc:is vn')l ..IT~'C l ive:I0 ll'-1 intuilive
comrrclt en,ionofllCOU'I lic phenort":nainro,,,m . II will bf a
u<oorfultoot foracou\lic al U<.'I livn nul only for Sludcn tsand
acouulCeRlJln..-.:noot aI", rocarch itects "' 00 dn. il1" ccec ert
halls andlhe.mn.
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RESONANCE THEORIES OF HEARING
- A HISTORY AND A FRESH APPROACH
And rew 8 ('11
Research School of Bifliogiclli Sdencc~

The Austra ftan :"ia tjona l Univershy, Can berra, ACT 11200
andrcw.t>ell(li'anu.edu.llu

AlJSlRACT. This paper provides an historical <,lVCrview of h"w a powe rful acou, tical princ iple - . ympathet ic "' .•"""ne c _ has been appli«l
10 our 0'l!-un of hearin g. It focuses an the principles virtues, drawb<ach,and ..aryi ng fort unes , Why d id Hdm hohz 's resonance th. ll 'y " r
hea ring in thcI 850, fa ll fromuni, .......1 1<aplanf;e ' .. ~I\IlUl di .. qprd? \\ n.. t .. ,;n: lhc factou faYoUl'inglrav cl lingwavcll"'uTi..,., mu. l

notahly that of von IJ.eke, y in the mid 2ll!h ttnlUf)'? f'M!· lkk", ) . """'nc., Ihtnb ng . ... coc hlur m,'C,,"mc< has Ii""" radically chan lf<'d t>y
f,ndings lhdll hccoc hleai, unact ivct rnnsducer,nola pll..sivconca,previou, ly thoughl. As Kcmp dcmo,,' lMw in 197'l, hcallhy c<>chlcll'
arc highly tuned and e<)ntinuou,lyem;t narrow-band sound .. . rromp.ing the thought tha. ...'mcthi'" seems to be ,,-"SOnaling. Mayhe. the".
it is wonh re-.,xamining resonance, even though travelling waves remain the cen're· pi""e uft he standa"d cochlear model. A lie>hresonance
f",mul"t io"i, d~nt..'d

1, INTROD UCTI ON
If the car were more sensitive, we would have to contend with
the noise of air molec ules rain ing upon nur ear drum s. The
core nfour multi-stage w und tran'i<.!ueer i, the cochlea, a
spiml-shaped organ thesi7e nfa hazcln llt buried in the solid
bone orrhe skull

Opemting dose to theoretical limits, the cochlea has a 10­
o;;tuve frequcneyresponse,operate,nverasignalpowcrrange
ofa million mitlitHI times (120 dB ), and exhibus a noise floor
close to thermal noise. lt's clcctrically powered using supplies
of a fraction of a voIt, and operate. utlderwater (the cochlea is
filled with watery liquid). And while we have broad ideas of
how it ....1>rh , there·s s.ilI a Inng way to go

Because the cochlea is inaccessible and delica te. it.
experimental . tudy is difficuh. and wauditnry ocicncc has
relied heavily .HI theory. in form~'<I by analomy, psyc hophysics.
and sometimes inconclus ive direct probing on ani mals
(experime nts whic h. from my ethical persp ective. are
regte"a ble). Th~ have been a multitud e nf theories, and
progress has oft en bccn slo.....

flu t in IQ7l.( a nc.... wind ow into the cochlea suddenly
opened . English auditory ""ientj, t David Kemp I I ] discovered
that the organ nol only dde~1s sound but protlu<,:<;:s it. 110;
pla.:ctl a microphone in his car and picked up the faint but
di~ltncl sounds orih e cochlea at work .

His discovery o f "o toacous t ic emissio ns" has
Te\'o lutionised the field and led to new diagnost ic tools and
methods. MO,1human cochleas f1Toduce an echo in re'p',nSL' tu
a click and, mo re rematk ahly. con. tl tltly emil faint. narrow­
band tones. We now kOt""" much aOOut th~"SC ~ tlCrgetic

ph,·""m ena. hut still remai n Ia'l!cty ignun",t or how they an:
prodllCCtiand how they relate totbe rumLmlCnta l proce",. " f
so" Rd tratl'ollLK"tioo.

Hen: I give a broad outlitle of the two major theories of
hearin~ - the accept ed tr.l\'d ltng ....ave theory and the now
virtually outmode d reson ance th•.-or)'. Follow ing Kemp 's
discove ries, the hearing rield ha' generally been con tent to
build active prnper1 i c~ on tnp o r lhc pas. iLe travelling wa. 'c.

but I have misg ivins s, Tbere are cer tain unsolv ed problems
associa ted with travelling waves , and I think a resonance
p icturemayprovide a ~d)' .I round ltlCt1l

Srartmg afresh, I have been endeavourin g to construct a
new resonance model of hearing. The following sections
provide a histo rical perspective on the develop men t of
resonan ce theorie s. describe the general princ iples on which
the y operate. and argue for why re sonanc e deserves
reeonsider.;ti,"' . As part of this. a ' ummary is given o f hn...., the
newly con,t ruct ed model wnrks

2. II ISTo ny
For mo'1 of rc.;orded history, people havc turned to rcsonanee
as an explan ation of how we hear, TIle ancient Greeks held that
" like is perceived by like" so. in order for the inner soul to
perceive a soun d, Empcdoclcs (Sth century BCE) said there
had to be direct contac t. In other words. the car must conta in
somethingof lhe same natureas the soul.and this was a highly
refi ned substance partic ular ly tenuous and pure called
~jmpla nled air", and it was th is that resona ted 10 incoming
sound. " Heari ng is by means of the ears,~ said Alcmaeon 01

Crotonia in SOOBCE, "because within them is an empty space ,
and this em pty spaccresoonds ." (2) Aristotle conc urre d and
said that when we hear ' 'the air insideu s ism(wed ooneurr ently
wilh the air outside," Empedoc tes introduced the notion that in
the same way as the eye contain s a lantern . the ear ccnta ms a
bell nr goag that the sound from wilhout CUII.SCS to ring (3);
perhap s he notic ed the ringing sound in his own.ears, an
ex perience y,-e now can ti nnitu :;( Lati n for~tinld ing beln

Rena issan ce science recogni sed the importance o f
reso nance and ('Iii I.,.>ft>Tmally treah.'<l the pherltlfTlCnOtl in
163!l( 4]. Oh,,-,r~ation ofstringed musicalin;,u'Jltll.:ntsslw.lY.-ed

that they readily picked up vibration s in the air aro und them.
Importan tly. the)' respolld<.'<lin a discrimina ling ....'ay, becnming
alive only to like freque ncies and rema initlg insensitive to
OIhers.

The fil1't scientifICally based resonance mcory of hearing
was that or lta uhin [4] itl 160S.lt ....a..soc lAS!livdy rcfined by
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others , all cons ide ring air-fi lled spaces as the re snn ant
elements. Du Vemcy in 1610 thought the coc hlea's bo ny bu t
thin spiral lam ina vihra ted _with high freque ncie s at one end
and low at the othe r - anti the notinn ofspextr.l l ana lysishy
s)'nlp;1thetic resonance had bee n hom . Soo n the idea of
vibrating strin gs emerged, and by the 1 8th~nturypc"ple were
using the analogy of the senso ry membrane hc ing co mposed o f
string~a!l in astringcdmw; i calinstrumcnl.

Allo fthis thinkingculminaled in the inunc nselyinlluCfltial
",.. rk of Helmho ltz which he put fort h in his landmark
Se",.,,/i"".f of Tun.· {5]' His resonanc e UtCtuy !legan asa puhlic
kxture in 11157 and with in 20 years had gone on 10 beco me
a'tn\~t univcrsally acce pted Helmhoh z arJplied his sc ienti fic
andl1lat hemati eal sk illstuthesimp1can alog y oft he cuehl ea as
a i:/ad L-d army of minute pian" striogs. Speak into a piano
(with the dampers raised ), sa id Hd mhull" and thestrings will
vibrate in sympathy, producing un uu,lihic cc hu; in like
manner, the cochlea's arches of Cur ti will reve rber ate
pcrcep tibly inmpunsetoincom ing snu nd. llisprcsen tatio n
gavc detail s of alldtomy, number uf rcsu natms , and the ir
degrees of co upl ing and dampin g, and il all see med to fit
nice ly. li e had 10 mod ify the theory to accom mod ue new
analomi cal finding~, switching 10 Ihe fibres uf the bas ilar
mcmbral1Castbe p~ferredrc""nators. btllthcCSSCf>l:.. of his
tbeory rcmaincd

But men problems arose. Fhc mejor one was a dou ba tbat
ioo,,('Cndcnlly tuned stretched ...tring~ co uld clli.1 in the bas ilar
membra ne. Analomically, lhe struc tUI'l:s11ll\\' ~ a rather loo se
appear ance and, sineethe fibrcsfuf m a me,b .lheymusl be
closely coupled . l t i~ thcrc fore ltard to !l<.~ l lI al l lle fi bl'l:s eou l d

he lincl y tuned. that is, that they cou ld have an appreciable
'luali tylactor, or Q, " 'pc<;i" lly w....n Iho:h;..I1.tr melOhrane is
immersed in liquid. And 11m., ('Ould somethin g no bigger tllan
a nut have within it a struL1un; abte to rc..' mate in sympathy
witll lhcth rob ofa double~,forL":1..mple '>

The thco ry aims Io ellplain how our kcen pilcb perc eption
orig inales - weeancas ily de't« lc1la ngL";in freqoencyofless
than I% - hut if the Q of the fibres is low, this leads to lhc
pred iet ioothat ourpilcll pcreepl ion isellr respo ndinglypoor.
On the other hand, if ..... nonct hck s:. insist On rct'l ining high Q,
Illis invites anotherdiffic ully: a loncwilllakemany cydcsto
bu ild up and as man y to dceay, producing a hopele s.'l hlur uf
SOWldlike a piano pla)'L'd with the susta in ped al always dov.n
Som etliing"" lISami ssandthc lheory feJlfromtllVolIT

Moreove r. there were new alternatives . Willi till' mveminu

of the tcle rJhunoe,tltcoricsappearetJl ikcningthccochica ton
vibmt ing di" phr"gln. Sorne lho ui:ht l!lal lh<:diaphrag m "'-hthc
bas ilar mem hrane ; others thought the tecto rial mem brane a
bene r chcic c

3. TRAVf. LLI~G WAVI-: THEOR IES
Towards the end of the 19th cen tury another novel theory
arose: llial ofa tra, 'clhng wave [41- Il came in a sucees..iooof
forms, the fin;l bein g that of Hurst in 1894, who sugge.1ed a
wave o f displacemen t travelling down the bas ilar memb rane
(henc e the name). Variants were put forw ard by Bonn icr
(1895 ), ter Koilc( I'JOUi, and Wutl ( 1914). The se ihconcs mad e
a positive virtu e oul of thc ir 11IW Q, cllplain ing how sound

96 - Vol. 32 Deccmbor (2004) No, 3

~rccpliooseould start and ..top instat\ll y. They also gave a
use ful role for the coc hlear Iluid s, using hydrody namics to
help with prop agation of the wave.

Tile wave is co nsidered to trav e l along thc bas ilar
mem brane like a wave in a flicked rope . Trave lling wave
theories are buill on the idea thai the coc hlea ts a coar se
freq uency analyser, leav ing it to the nervous system (or
pe rhaps some mechanical MSC'oond filterM) 10 sharpe n up the
response

l1lemoSlfamouslnlvellin g wawthcory istlu elO Gc<.rrgvOll
BHesy woo 1V\lIl3 Nobe l Pri7C for his dcca des- long elf orts,
beg inning in 1928, to elucidatc the mode of action of this wave.
II is his nam e thaI weassocia te with the theory, for he ...."l~ the
first to aetuall y ohservca trtl\'ellingwave in llJecochlca. huth in
human cadavers and io animal s,u<;ingintense sound stimu lation
and stroboscopi c illum ination [6]. He also built waier-fltlcd
boxes dividedby rubber membranes, and saw simi lar bchaviour.
He started his expe riments expce ling to rule outthe basic place
principle of Helmholtz [71- thal till' sensing membrane in the

L"OChl""4maP" frcqueocytodistance~10ngil - llul""as SUrpri'led

lo di"...""er tl1at" IcI'\"lIIing on mcIrequcncy e f excitarion, lhe'
peak of the wave "" ifk-d sySlematically from the base of the
rocllk.llo ils apcx. olfmng a docgm;:offrequeocy rcso lutiun.
Aga in, Ihc peak Wi\$sopr--.J lobe fine- llmCdncu r.tlly50thal.
IOqoute Ikkny (8) Mvcry hole mecha nical frequCllL'Yanalysi~ is
donc by the inncr ear.M

As well as suitably low Q.the other attrac tive feature ofh ;)
travelling waves was that llley ~howed, in accord w ith
ohseT\'ation~, 5CVeral eyclcs of delay h<,.1wcen infl\lt alK!
respon se. Thi~ see med to be decisive eviden ce all-ainst the
Helmh oltz theory , for a simple reson ator w ill give, al mO.I. a
phawdeJ;ly ol"±90° hctween driving force and disp laceme nt
Ely 1948 lhe travellin g wave theory secmed incontrovert iblc

4, GO LD' S RESONANCE IDEAS
But no t quite . In 1946 a youn g Cam hrtdgc gradua te
ace idcntallylandcd inlo hea ring rcsearchallc r du ingwar-lime
wnr~ on rada r t'u ll of ctecrromc ~ignal - proccssi ng knuw tw ge,
Thomas ( ;old became foc used 011how lhe ca r ~'(IU I<I alla in such

higlll<nsilivily and treq uencyrcsoimion. He ....a<;<li\'Iol\tisfiC'd
with the trave lhng wave picture bec ausc il ca ..t an impos sible
burden unlO till' neural system: no matter 11""" sharp it.
d iscrim inativn may be inthv'Ory, in practiee noi !\Cen ters all
physk al system s and will tllrow off auempts 10 pr~lse ly

loca te tile peak. lie beca me convinced tha t tile bnsrs of our
acute freque ncy discrim ination must res ide in thc ea r. But how
WIIS thaI possible when cochlea r fluid s alone are sufficie nt 10
as\ ure lligll dl mping'>

During a bori ng sem inar , inspir ation hit: if the ea r
employed 1"~lifjv" fi'edbud<, I", rcalisv'<1,these problems cou ld
dis«ppcarI9] . Hek,tew all aboutrcVenerative reeei\·ers.",hich
were simple circuits tllat used positive fe....-dback to amrJ1ilYa
radio si~ nal befo re il "'a .. detected. lhere by aehil'Ving high
seosi livily and ll3rmw band width. He reasoned that usurely
nature can 't be as ~tupid a.~ to go and pOl a nerve fibre - uhat is
a detec tor - righ t at the front end of the' sensitivuy ofthe
system", and so proposed thar jhe ear must he an act ive system
- not a pa'sive onc as every body had previo usly tbou ght c and



that it worked like a rcgceenat ive rec eiver. III this way,
damping cu uld he counter:acted by posi tive feedbac k, and
g iven just the right level of feedba ck gain , the ba ndwidth
cou ld he made ar bitr.lrily na rrow,

Gold later framed the problem confronting the coc hlea ill
terms of an evocat ive analog y [101: the cochlea's stri ngs ­
whatever they may be - arc immersed in liq uid, so making

them reso nate is as diffic ult as sou nding a piano submerged in
ware r.But if "'e were to add se nsors and actuato rs to eve ry
string, and apply pos itive feed back, the "underwater piano~

cou ld work agai n
He and Pumph rey, his coll eag ue, dt.'Signed expetimenls to

tes t the hypot hesis that the re most be high-Q t\' sonat OOlin the
ea r. There ,",-et\' two ground -breaking: eJ\perime nts in 1948
[11.12), the firs t o f which invo lved test ing t he bea ring
thresholdsoflistt'ller; fir; t to coo nnoo us tones and then to
increasi nglybriefer ve r; iOl15. lf hearing depe nds onrc""", a llll>

bu ildi ng 01' ~rength. like pushing a ch ild on a ~win~, tile
thresho ld should depe nd in a pred icta ble way o n the number
of pu shes, or cyc les. Theirn:sults acco rded wi th th is pictu re,
and theycak ulated tha r the Q of the resonators mu sl be
be~32andJOO.dependingonfrequency.

FI_ i ng fro m Gold 's mode l was a stan hng predic tion : if
the ear were in fact using pos itive feed bac k, lhen if lhe gai n
were set a little too high, it woo ld con tinuoo.1y squea l, as
Il:'gmerati~'e rece wers (an d I'A systems l are pro ne to do .
Daringly. he equa ted this s tale of affa irs with the common
pheoo menon of ri nging in the ear. or tinnitus . l ie ca used his
ears to ri ng by ta king aspiri n, p laced amiC'T<:lpoone mhis car.
and tried to pick up a sou nd. The con d ition s and equi pme nt
wen:n ' tri gh t.andlheexper ime ntfailc-d

Go ld and Pumphrey rema ined conv ince d that Hclmh onz
wa<; co rrec l, and the abslrac t of the ir 1941:1 paper declares
~previous theories of hea ring are cons ide red. and u i ~ shown
that only the reso nance hYJ>CIthesis o f Helmholtz... is
c(Hlsislent wil h ohscrvati(>II'lI 3 ]. Gold paid a visrt to lkk~;y

ill Harvard and tried IO Ct>llvinee him of the impos~ibihly of

rd ying on neural dise rimi nat ion. li e also poin ted o ut the
scaling erro rs Ihat lkkesy in troduced by bu ild ing a coc hlear
mod el man y lime~ actual si7(', but each side stuc k to lheir
v iews . and fo r ma ny year s - until Kemp 's mo men to us
d iscove ries - IJCH sy 's idea s prcvailed (14 ). P~"Op le jusl
as su med that the high (Js Ihat Go ld and l'u ml'h rcy had found
must have a neu... 1 o rig in, nnd the loop-ho lc in the ir st:Cond
e~perimcnt ( lheexlnlc uc) was leapl UpOIl

With Gold 's idea s fa lling ondenf earll, heleft thefiehla nd
made a nam e in cos mology inSlead

S. OISTl 1'iG UISIII NG TI~AVELUNG WAVE
AND RESOI"\Al\ict:
Ll~ k"sy made many mec hanica l models dem o nstnlting how a
travc lliull wave works, and he d id impo rtant work darifying
the fund amenta l differences betwee n travelling waves and
resun ance .Tomodcl thecochleahe built a rrays uf pendu lurns
- bobs un slri ngil o f vary ing leng th - suspen ued from a

comm on red
First he demun, lrnlc d that a ballk of reso nators (the

Acous tics Austra~a

pend ulums ) could behav e like a ua vellin g wave. l f thcrc were
cou plin g betwee n the reso narors -csuch as by thre adin g rub ber

stra nd, between the strings - then after exciting the sho rtest
pendulum. a wave mot ion would be seen progressing from this
pendu lum to the longest. If the co upling is ligbt, then the wave
progres sces very slowlygivieglatge dela ys

The olher """Y ofucitin~ ""-h;,,tlo ob li" e a lf3\cllillGwave
is to sud<lenlyj e rk the rod . Even with no coupling, an ap p:lren t
wave wi ll be see n 10 move fro m the short est pendu lum
lowardsthl'longcst. lnlh is ca se thewave ca rries noencrgy: it
i<;just an illusion, an epipheoomenon, rell ecting thc fad tha t
Iheshortestprndulumwillaccumulatcpha'\C faslertha othe

Ioogerones. lt 'srnlhcr liketheblink iog lill hhouts ide a thea tre
whic h g ive the impression of mov eme nI.

It is important fOf later d isc us-sion to recognise that
a lthou gh they ca n g ive a simila r rcs ult, the re are
fu rda me mat ly dilfer\'fl\ rlt Y"ica l J"(~l'>,," d riv ing them , In
lerm s of J"hYsieal undu"landink;, ""-c eeed to clea rly
d isting uish toc'Se two mechanisms. for one mark s a travelling
.. a\'c toc'<>l)'and the other a resonan ce thcor y.

T...""IIi"J:" ...... . The essence ofa traveli ing lo\'avc t~is

thaI the signa l palh th ro llgh the reso natulS is i" ... r i..... Tha t is,
the i npul tu lhcsy.t~'ffl is via the hig h frequenc y resonaror and
the enelll Y is pa s....'tl sequ~'f1tially (via co upling ) 10 lower
freq uency rcson all>l"i.Th~ Q uf the ind iv'id ualresollatorscan
I>chigh or low.hulthe key isthat the signal<'flergy isinjecled
int" the high frequenc y end, ju.1 as wtu t happe ns in a tapen: d
tr..n,mi ssioo hne , L i lewise ,th~cla,siclrdveli ingwavetheory

of Rel t , y i. that the input app licd to lhe stape s causes an
immed ia te deO\'C!ion of lhe ba, ila r membrane at jhe high
frc querlcy cndarwJ thisi st hen cll\lpled (h ydrndyn amically and
ma teria lly ) 10 neig hh<MJ ring sel.1iuo s until apeak is reac hed at
thc charact <"';,tic p lace (afte r which mot ion quickly decays).

R"""1l(mc". By way of con tras t, what dis tinguishes a
Il.""mance thl'u ryuf excita tiun i.thalthesigna l en ergy i.
appl i<'tlto Ihe sySlem In paroll/'I. Th us, whe n we jerk the rod
suspe nd ing Ihe pCfldulums, or lift the lid on a piano and yell
imu it, the excitat inn is appliedto all the reson ant e lemen ts
vin ual1y simulta neously, In the same way, He lmh oltz called
for an array ofiooepe ndcmresonmurs thal ",,-creexci too by

sou nd pa ssing through the coc hle ar fluids. II is this idea that I
wa ntto reco ns jdc r.

The advantage of the pure res onance ap proach is tha t on ly
that reso nator wi th matchi ng frequenc y receives energy
(provided the Q is sufficie nt ly high). Moreover, weak , il:nal.
ca n, cycle by cycle , cause a reso na tor to build 01" an
appreciablein-phase motion , like a child pumping a'wing. In
this way the cochlea wou ld be able to h~ar <;()und , ju 'l abv""
therm a lnoisc

The question, then , is can a re.<;,," anCC mcchaoism uperal e
incunju nct ion with the travc l1ing waw one '? Perhaps the ear
UM' S a hybrid of travelliog wave anu reson ance to opt imise
per for mance . No one yet be lieves they have the pe rfect
coc hlea r modcl ,and maybe persistent anomalies in travellin g
wave models can be reso lved by int rod ucing reso nance
effects . What t-ver the answe r, it must accommodate the range
of cellular-powered phe nome na d iscove red by Kemp
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6, KEMI' A:\ D THE ACTIVE COC IIL EA
David Kemp's experiments gave a clear dcmom;tration that
Gold was heading in the right direction and haV<' changcdt hc:
face of auditory science. In lhe same way a" fainl radio signals
have opened an unsuspected window On outer space, his
otoa cous tic emissions have limned a new horizon into inner
space. In 1971ihe placed a microphor>cin hi~ car andp ided

up the faint sigllal thaI Gold had been search ing for 30 years
earlier, lIis equipment "..;is beller, and you di<'!n'l n=l In
induce nnnuus to pick up a ringing sound

WenO\\·re<:ognise broad cl assesofaenust ie <;mi"~ i,,ns . A s

wcl las lhe.triking spontalleo us emissions, other e"nlinu"""
. ignals of eochJear origin eall be dele.:led : " l im u l ,,~fre:tjueney

emissions (where the sound eoming nul is al the same
frequency as thar going in) and dist"rt ion pru<.!uet emi" i"ns
(",here the modulation products of two inpul stimuli are
detected). The most widely employed tools f<lrdiagnosis of
cochlear function uSCtransient stimuli: in resl"K1SC to a cl ick,
an echo will come back from the cochlea Kemp'. origina l
expcrimcnt - and similarly a tone burst of a set frctlueney will
lead 10a similar answering echo.

These ' active' propcrncs reflect lhe operaliun of a S<)­

ca lled 'coch lear amplifier' and they fade away once sound
intensit ies reach 6O-80 dll SPL. The acuve cochlea is highly
tuned, and the relative ImndwidlhofsJlOnlaneow..cmi ssiuns,
which show very stable frcqucucieso can be less lhan I in
1000.

When I first read a report of Kemp's f indings in 1979, 1
" ,l'astonished , Surely travclling ....avctbeory couldn'r bc
rigllt: lIow could a more or less slack membra ne immersed in
fluid sing" lI elmholll must bccloscr to tbc mar1<, 1 thougllt,
and I have been intrigued by the cochlea and its
micromechanics ever since. I have been searching for an
e~p1an ati o ll of ' pontaneOllS emissions: if some llling is
constantly ring ing. whal are the rcso n;rling clemen" ?
f"J:lllJ,o,ring clues to their origin, I studied lhe Sl;rbility o fl hesc
tor>eS [15J, and am now currently engaged in PhD research nl
the Australian Nalional Unrversiry investigaling ....helher a
resonancemodcl oflheeochlea is possible

The aud itory community has interpreted Kemp's 'M)rk in
tenns of B l ra~1' lIi ng ......vc bUI with additicn a! parameters
PI><,ple ac;cept G" ld', ind si\'e idea of an acnvc cochlear
prucess. but re-;i,t hlsca ll ro remstate simple resonance. Thu,;,
thcdelay oft he c<xhlcar eehohasb.:ensccnas lhe dclayof
thctnvel1ing ...."''''' ... '1 propagates from ec sepcs to its
characteri. t ic r ia« ~nu then. by mean s o f a k rcvcrsc
travelling",a,'C",1..1um~ lo itsplaceoforigin. l f the stimu lus

recirculates, the travel lime fer the loop dcf'incs the period of
a spontaneous emission_To co unter propagation losscs.uh c
basilar membrane has been ascribed nL'Salive resistance, a
Slate of affairs presumed possible by some (un known) sensing
aClionof theO llter haircells _whicha re preuyeertaintobc
the source uf the mechanical aceivrty detecte d by Kemp. We
now know, fur example. tlLat when an outer hair cell is
stim ulated, il changes length cycle by cycle in step with the
stimullls (16 ]. lno ther words, thesc celis are effeetorsaswc l1
as sensors ,
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7. TRA\' ELLI:\ G WI\VIo:5 ANI) RESO~ANCt:
Th is all add~ up 10 a system tllat can be described by trdvelling
wave L"luatiuns and ....'hich mimics what happens in a tapered
transmi""i"'1 line (providcdlheline also comams a llavelling
wa\.'e llmplilicr and can op,:rate in reve rse ]. There is no doubt
tllat this da IS of mode l comes close 10 dcSl.'ribing the
IllCasured re'flOl""-" of lhe cochlea . Howe ver, I lhink a
reso nance ffiI:c h:r.m"n nuy play a signirlCant. if not <k>minant,
part at low soundlev els.

But first, one should realise thaI there arc t""odifferent,
although relaled signals in the cochlea. One is the usual
aco ustic press ure " 'ave that, following bad·anu-forth
vihration o f the srapcv. i~ commlln;';"al,-d In the MChlcar nuius
al the speed of sound in " "'ler( 1500 m.'5 ). Thi$ ...", c elC~t es,

nearly inslanlaneously, a hydraulic pressure field, me si1e of
the prcssurc being controlled largely by the complianccof the
round window (which is the major point " f pressure relief)
since the .resl uf thc coc hlea, mostly waler, is near ly
incompres sible. This hydraulic pressure i, somelimes Called
common -mode pressure, for it occurs, in ph~.sc, on "" lh sides
of thescn:;o ry partition

The seco nd s ignal is the differemia l press ure, the
diffe rence in pressure belween the upper gallery (scala

vcsub nlij end tbe lower gallcry( >lClIla tympani) caused by the
presence o f'the partruon ilself. 11is the differemial pressure
lhat causes a slow travelling wave o f displace ment to
propagate from base 10 apex [bec ause uflhc gradcd acoust ic
st iffness of lhe rart it ioo ), and th is m'K iun is rlC~ umed to bend

stereocilia and stimulate the fitingof hair cellil.The common­
modepressure has beentlluught to have no scll-sible effect on
thecell s andha-s ~n disrcga t(kd ( a fter all ,hair ecl1 s do bear

d islindivestereoci li~)

Myidcais that lhis neglcclc<!e.Mnrre ...sional ....ave could
stimulale oute r haircc lls -willlo"trcqui nnga trdv-elling wl\"e
to Ix'nd stere"c ilia_ This I"",sib ility fih in with II""," some
wa tcr-dwelling animals h.,ar: lhey n~...-d to dclect It>c lung­
rangc (la r·fi dd l pressure e"mp "nen t of an und<'rwalcr :;ounu.
not the , lIor!·range (ncar-liddl displaceme nt eo mptmem
which rapidly fades . Shmh, for example, piek up distress
calls over hundreds of I1Mres (when displacements have
shrunk to 10 " m). Sharks havc nu swim " ladder, and Ihe
auditory cells in thei r macula ncgleetacarry no otolith,;, so
how do they detect long-range pressure'! An~tomy gives a
clue: their audito ry cells h<luSC many ' vacuities' within the
cell body itsclf [17], suggesting they usc an <.'nc1oscd bubble
to perform ' on the spol 'pressu!'C-to.disp!aeemenl convcn;ion

In a similar way. I suspect Ihat mammalian outer hair cells
detect acou snc pressure. Thcdirecl presSlJrcsignal is fast and
phase cebere m, making a clean and ekar sib'na l for an
orgamsmtof~ into a c<xhlear ampl i fi ,....

Such an arrangem ent may he able to e...plain behaviour
that the lra\'elling wave cannOl_ For .....ample,co<,:hlearec hoes
sllow a similar wllvdo nn as input sib""" strenb"h is raised
AClivc travelling wa~e models have ,"II yt:r replicaled this
behaviour and a l1,.'C.,nt papcr ann<lunced in us abstract that
lhis behaviour "contradict s many, if not most, cochlear
mod",l. "11R]. Anothe r prominent moddle r noled the difficulty

Acoustit::sAuslralia



Fig..rc L Strings of an Undenoo-a1Cf piano? Til<: co.'11.... ..
resonanl e1~.... m.couJdbc linyrarcel.orliq ..idoscil1ahng ;n
l r<'5 i l iYe feNl:>a< \ k"'I' l>et~ fO\\'S of ....t.".hai rcel1",Outco'
hlirc~l l. m"", ,,, u,,".lddmln( j n ~"" IO In:f'aCtl<:bkar

rn-..,u"' ) I" ......l " <al~ · squ i n '"g wavcl· in lhc l1u l<l Il.lJ' lho_

The \\-a,,, ••"",kl in tum !>end '<l~,.e<.;" h~ (1\... cla" ty. not
sh..wn),n''C'lti ni ro.il i ve r~,<:''''ack anda>J.4lld'fIl1 '''''w. Wave
ene'Ey ~e¥'" to lhe in""r h" irccll 's >lcrcocili '. l nd wc he.r,

of formulating a sa tisf acto ry time-do main mode l and
suggcs lcd lhaI Mnon-ea usal"foclors mustbealwurk [19). In
add ilion,proplewi lbt>lockedrnu nd winduwscan 1ilillhear,as
c;mt lluso:wl\ob.:l,elosl middleears lodisea.so: -ol,),;er \ alions

difflcult to "'Iuall: with a tra\-'el1in~ wave model.
I f a J'f~surc ...aveislhcexcilingstimul us intlM."'C ~,

itraiS<$thepos:iibilily ofpar3l1d excitatiOllof l~nant

syslcm. 0111 ...-hat. then, are lhe resonating eleme nlS? As set

out be low. candidite5 for the piano srrings can te idcn liflCd
andthcy appe:utob\ clho:necessarypres.sure sen siliv ity
[201. allowing con.'VUction of I fully rnon;ml mode l uf the
;w;t;"-.:wo;hlea .

8. A ~.:W RI-:SO:'liA:\ CE MODEL OF T HE
CO Cl ILF;,\
My concq>tua l resonanc e modcl takes l.s ilS stan ing ('Oint lhe

special na lureofsJ'I"'taneous otoacou "'ic emission s. It sees
thescslableandnarlfM'-OOndsignalsas .hccochlca 'si nlri nsic

resona nle1cmcnls -ils pianoSlrings -andnola.sbY·rrod ucts
of over-acnve fOI'\\iard and reverse travelling waves ;n a

recirculating loop. Thai implies we have an arra y of highly

tuned ge ncratol!i, exquisitely sensitive 10 sound disposed
from base thigh frequency ] to apex {low}. Each slrinll has ils
di.l incl place on Ihe membrane, as fe'lUiK'd by Helmholtz's
place principle.

We knu w lhal oute r hair ce lls are ac tive elemenl~

responsible for lhe so-ca lled "cochlear amplifie r" (21 ), so
each stri ng mu.t s" md ",,,,· involve lhese cells, The insp iration

for this ....or k is that a stri ng can form in the spuct' bet .. ecn
ce lls . Outer ha ir cells are prec isely arranged in thTft disti"'l
rows , and bec ause the cells arc , as menlioncd carlier , boeh
sensonand effecioes, il is poss ibk foo-positi~ e feedba c\ 10

occur bctwee n the motor elemen t of one ce ll tits cell body)
and lhe sens ing elemen l o f a neig hbou r (ils stere<.>cilia), The

resuh is stab leoscil13.ion,andthis, 1suggcst,is thc:l'och 1ea 's
elus ive tuni ng elc menl

Oscillation occurs ill a dirtttion across the parti tion . not
up and 00.......as the trll\'e lling WllV~ theory supposes. Th is
bypasses the requiremenl fOl" !he mechanics of tho:partition 10
be governed by differen lial pressures and travellin g ....aves .
However. il introd uces I~ """n tun ing problem: bow can the
spocebctllottrltherow"Sbetuned ~3da:adesoffrequency?

If ",c requi re a sing le ...-ave 1ength be1wetn the rows - II

diWlnC'C of aboul. 30 micrornctrc-s - this call s for a --r slow
\\·... ,e, For cxamr lc.al kHz ..."iro'Cshunlingbctv.~therow·$

will need to tnI,-.:130 JIm in I ms, or jus! 30 mm/ s
Hap pily. such ....,,\ 'CS do ex iS!. They are kno .. n in

ultrason ics as symme lric Lloyd- Red wood wave s, or
Msquin inl; waves", and prt'('lp lC in rbcthin gap between tWl>
com pliant plates inuncrscd in WAIL'" - j u. t the arrang errentwe
fi nd in the space occupied by thc hair ce ll stereocili a (Fig, I ).
A rece nt pape r [22] shows how the slow speed and high
dispcrsion ofl hese wa\"es allowsl he "slrings " lo be luncdtl vcr
the full range of hum an hea ring Thc slanding wave produced

by the squirtin g wave pr" vide" a nalora l cxpl~nali"n for the
coc hlear amplifi er : it is a pusi live feedback syslem lhal
amp li fies lbe input sil::nal befure pass ing it 10 the inner ha ir
cells (wh i~h finally transduce the signal into nerv e pulSC5and
send it IOl he brain), ln othe r words we have a regene rative

recciv~r performing amplificat ion before de1ecliOll. jo st as
Go ld requi~ The system is like his "underwater piano " : il
uses a system of SCTI'\OI'li and aemators in II positive feedbo~k

loop 10 overcom e the effects of visccsiry and produce high Q.
We hav.e the piano smn gs, but for a true resonan t system

we need the bank ofrcsonalorsto be exc ited in parallel (thou
is. 5imul~ly), As f~N. thai could happen if
outer hair cells are sen sit;"'e to the fast pressure ...... -e. Ouler
hair ce lls are l;OIIslnocted like pressure SCIISOIS and an: in
rontinuoushydraulicronnecttoll ....ithtbcwo;hka'srntm:
f1uidOOnlntlS -anatomi(a lly,1beyare, unlike inncr hai r cell s.
surrou ndedbyfluidspa<:es.notOlhcrcclls.lntraooehle-..rfluid
pressure could thert'fore be an impor1anl s1imulus .

This new resona nl scheme, unlike a bank of pend ulums . is
notlimited to phase sllri:Itionsof*9O". This is beca use the
...... 'elcngths involved arc small wmpared to the ....idlhof .he
basila r membrane . and sc phase delays can accumu lalC inthe
support ing stru cture before they arecom munica.cd In Ille
basilar memh rane where obse rvations arc fin ally made .

Llke all pianos, lhe cIK:hlcar w rsion ha, lhal essenlial
componenl, dam pcn<.111 C datllJ1Crs are lhe efferent sys lem.
which isahlelo ck~tricallyadj ust lhegainofeach o f the oul er

ha ir cd l triplets . T he O1ccha l1ical gain from posi tive fccd l>ack
depcn dsonhaving adi1Terenlial re. ponscbetwtX:nt hcthrcc
rows.so hy adjust ingl he re' ling mcm branc potcnlia ts beh' 'Cen
ro....s.the efJerentnervescou tdquiddy raisc orIOllo'tTlhegain.

Tbe evide nce that oulet hair cd ls react to pressure stimuli
[n] is scauercd aod ind it'C\.'l, but prevalent Nalura lly. iflhc
cells are J"'CMlure dctv'Clo rs, lhey . will have some

compressibility. lmal!:ine ....ha l would happen if the stapes
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pu_hed in on ll~ nearly inco mpress ible fluids ofa cochlea
surrol,lnd~ by J;... lid 1>0;'11"' : rbe energy 'WUt..Ibe funnehed
directly to the mu. 1 comp~i"1e JIiIrb - in particular, I
suggcs t.r heoulcr hair ...e lls . 1l>e"C ce lls an: well delligm-d 10
be pre, su re sensors : thcy are COIISIr"~1cd like ri¥-id r"",llubcli
with a sma ll compl iant spo t (the cu ticular pore) at the 1Of'
Signi fica ntly. Ihis pore h a vestige or ...'he re. during
do:veloprnent. .~n.........y applm. rllll(lhe l inuci lium) uscdto be.
Th u.s, the bioc hem ical sillll"llin g cuuld still be in place 10
ro:gi~ mo>'C'mO:nI of lhe: cul it ular pore created by pre...sull:
diff<;Ttt'IC("J~ tbc cell interiorand lhcc~hkarlluid.

1'01 elf",,1eflII 1lp;I:Il lOll.. ea ter hai r co;lIs would n«d 10
con tain a ,'tt) (QII rn:"" ibk ITUrcrial . Air ou.ld be a good
choice. and Ihc..e ...ells do ecetain a pee har sphc:ric..lly
I~ SIlUdure - lIcn-.:ns body - lOtios<functIOncould be
lo gc",m llean air but>bk. muchlile thc S\ll-im bladder « llJ of
rlSh do and. CVI:n ~iIO. l i lc the:heari ng ccllsor sharb and
their ·vacuities· . ~ I:tWTIpn:Wbility ~ f'O'o,i bly par1 of a
posili ve fo:edbld lo"p of ilS _n in rhaI ...~ • QCII ........gn
~'!hinro:sronse lo 5timul.lion ic isdi lT"lCU1I flJf it nnl lO

challi',e volume 100 . l( so. ou rtt hair oclls could appca r much
morecurTlJ"m'Si t>le lhanair ilse lf-ran:roeda ir.i(you ,, 'lIl.

If lhis bcgin' lu _ nd lil c Mimpw ued airM. ooo:can onJy
rcspe<.1rhe i""'lhlo(lhoseancittl t Grn: l phiklWphen and
"'Vlldtt agam .. -hdbtt lhey. and Ild mhol rz ;md Could, mi ghr
hz.,'C ~rii:hl

9. CO "CJ.l: IlI l':G RDIARKS
-rhe~ lhoory of Ilelmbolrz i, probably !he ~
elcpnl: or a ll throrics ofbcarincM.said Btl k y (24]. and I
q rre. The Ir.lvcllin, " "I\'e Iho:otystrike< me~ falhnc 10 mo:d

the cochlC'a\ rrqulrcmo:nl forulll1oOSlr~, II i:s~ onthc:

a...."'mpoonlh.1l ul"anddov.nroolion oflheba..;Lor~

a....:ays dm'~ ltle O\lrC1' ha lfC('lIs. "t>en lloouldho: l ..... . alloo.a.·
!>OIIflIl levels. ii's Ille othC1'" 7f round In a IInn f: s)'"UCIQ.
com mon· mode Jl'C'Mun: cou ld resona nlly $IlmulalCOUI~" hair
cc ll lJlOlion in a d in:ction llCTU!slhe JlilMll ion ; m lh't way ", e
c' lUld ncapo: the long-.....wmed ncc<J for d,lkKnl;.l pressur e
lobe Ihc sole drivinll Iorce in rhe coch ll'a

Tbc cochlea could make the ho..M " f bolh worlds . using
n..'>;l~ al l""'·SllUndkv'Clsand all1l,"Cll i nIl WllVCathighcr

ones. lhis diVlSioo of labour mil!hl 1I0........,io: lhe coc hlea's
;s., lourldtlli dynamic ranllc. WhaIC"oC'1" !ho:cao;e. l thillk lhcrc
r1IIbIbe alTl<ljurrulcfurn......oono.:e,Syml'.IlMil;n:sonance isa
principlcbchind C"CI)1hinllfrum~ltlqlU-~andmllst

wrc1y h.M: a place in the n i"-"l d 'toll:orKOll'lIC5 -lhe ror
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ENGINEERING METHODS OF NOIS E
CONTROL FOR MODULAR HRII>GE
EXPANSION JOINTS
Eric J . An{" ich.
Rridl;C'TK hnol"lO"Sffllon, Ro.ds & Tn m., Authori ty of r-iSW, PO 8"t ~~II Rla,'k l""n 1 1411.

Stephen C. Bronn,
H.kh ud Ih-ggic A.... ""latn "Iy Ltd, " O Ro\ 176 l.a n ~ Cove 1595.

ABSTR ACT Modula r bridge expansion j"inl~ a", widely used throu ghout the ....>rldfor the pt"lJ\I;'ion or coolrol led pa~ I ron1 i nuil ~

during sei<mic, thc",,,l expan , inn, co nt.."" liun ar.d long·"'rm crecp and shrinkag.: """'em<:m, ,,f bn dg" sureolrUctu,,,, . h " lI$ kn<>wn lhal
an environmema l "oi, e nu;s. """ C>tturrN ILlrnut....-vc hld e wheel. 1',,,<0<1 <Wn" lhc joinl hul the me<:I\;on;!lRlfor tho:g<.'1I(14l.ion of the oois!:
nui, anc" Wa>; not p",v ;o,,<ly k",,,,,' o. N" i"" aM I""""" OfIIions"'n'eill" r<ligatnl hefore ...nl in ~ on a Hd mholl7 Absorbe r installation. T1M:
"" ""fit is mo.! obvi"" , in ,he r","<l"" 'lCy TlIngco r~ to 200 liz . The noise red"" !",,, pr... ·itkd by the 1 1. lmh<>ll~ Absorbe r insla llation is of
the ardcr o f 10 dl:lA

t. INTROI lU CT ION
Whilsl the uSC of expansio n jni lll~ is com mo n practice in
bridge construction, modular brillg.: e~punSi(Ml jo ints are
designed 10 accommodate large ltlllgihJdin al e~pansioll and
contract ion movemcrns of bridge supcr,;lruclurcs, In addilion
io sepporting .. hedloads, a pll.lflCrlydesill"cd n1tKlular joinl
will p.~'Vcnt rain water and " lad debris fmm elllering into Ihe
ur>derlying superslrUclu", andsubslruelu",. Mndularb.i dge
expansinn joinls are s ubj~'CI~'<i 10mote 1,,<1 <1 cyc les Ihan other
superstruclure elemenls, but the lond types. magniludes and
fat igue-slress ranges thaI are appli ed to these joinb arc oot
wclldeflued jl]

The basic modula r joint design appea rs 10 have been
patented around 1'K>O hut the original patent Ins now expired
and approximately a dozen manu facturers no" ellisl
throagbourthe worjd

Modular brid ge exp.msion joi ms arc generally describe d
i\-S single or rnultipk support bar d<.'Si l{lls. In the s ingle
SUl'flOrt bar desi¥'l, the support bar (beam parallel to lhe
direclioo (If tr,ltrlO;) support s attme cent re beams (bea ms
lransve~ lo the dire<:rion of trame ). 111 lhc mull iple support
bar desi gn, multiple support bars imJividoal1y SUPP(lrt each
centre beam. Figure s I & 2 show typical single support bar
and wclrlc<.l m ultiplc supporl bar design Mll EJ's respcclively
I n Figu rc l , l he tc rm "blockoot" rcre rs (o the ~eSS l'l1l\l ided

in Ihe hridj(c supcrstruclurc to accommodale tbe castlng -in of
nn expansion jcmt

I beMBEJinstaliedinto tbcWcstemabullllcnr of An73e
Bnd ge Is, in fact, a hybrid design having pairs of suppor1
barsin senes ncrossthc full .....idlh ofl hc joinI. Eaell pair o f
su pport barsis auacbed to all("ll1ale groups of four cen ec
beams (i.e . Cent re bcam.~ I, 3, 5 & 7 are auached to the odd
numhen:dsu Pl"'rt ba"andccn tn: bc.ams2, 4, 6 &lIartachcd
to the even nurnben.:d suppo rt bars) . lbc suppurt bar pairs
an: spaced al 2.25m centres across e c full width ofrhc
bridgen."Suhing ill a tOlal of 24 support bars

~_.,L..-
Figu", I T)'JIicalSingle SUf'I'<>r1 thrDl.'Sign MIH:J

h~urc 2 Typical Mulliplc ~upp<>r1 fl ... De<.ignMlJD

The MIIEJ inslalled inlo lhe SOUlhhlKmd carriag~ay of
the bridge over Ibc Georges River al Tom Ugly's Poinl is a
typical welded multiple support b nr design as sho.....n in
Fig ure 2.

Il is kn"wnthal anenviro"l1lelllal n" isenu isan~-.: occu rs as

meter vehicle .....hec1spa sso\ler thc jo intbullhcrncchanism
for the generation of the noise nuisance is not widely
undersluod although Barna rd & Cuninghame [2] do cont'irm
me rorc or aco usuc resonan ces
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A,tudy ....::l~ tJnJrrukC'f1 an.t themudularhridgeexpansion

joints built In k ' lhc Go:oq:~... River (Tum t:g ly's) Bridge and
Aw.ac Ilridgo: ....'ere wlected ti... the slUdy due to their
proximity all.J C"'l~\)r;lCO."'~ Fnglnee ring measurements
,",cn: made under<>peraliollalcon dilions to delermine hllw lhe
noise nuisance originated and was su bsequently propal:;aled
intethc surmendrng etwim nmcnt (3)

2. J'\OISr. (JEN[R"TlO~ IIYPOTHI-:SIS
There '"'lIS an....:dolal evidence from environmenta l nuise
nuisance cumplaint~ r«cive d by the Roods & Traffi c
AUlhority of NSW (RTA) that thc sound I'md~ by the
impact of a motor veh icle tyre wit h mod ular bridge
expansion jo ints was audible at least 5{l(I metres from the
bridge in a se mi- rura l envir onme nt. Site inspection
sugges ted that the noise generation mechanism involved
possibly both p arts ofthe bnd gc srructurc and the jo int itself
as there was distinct differe nce between the subjective
character oftbe noise abm e and below the brid ge deck.

The hypolhc,i . wa.s dcwl .lpffi by Ancich. p) that motor
vehicle tyle imp.""I, ,·ibrdtionaHy excite modular bridge
expans i,mj"ints thCfl:by producing noise that is amphfi l'd
,",'ithin the bridge superstruClure (due 10 acoustic reson ances)
andlhen prol"lg;1te<iinto thc sUrTOundingenvironment

As Figures I & 2 shuw. each transverse ccmrc beam is
conn ected (at the tyre contact levelj to me adjoimn g centre
beamor edge hcnm by a thick rubber suip seal. It is this
combination of the rubber strip seals with the stee l beams that
ect s as a conti nuous membrane and afford s MBl S their
unique water proofin g properties. However, whcn the MBEJ
~ ibrate... Ihis membrane behaves in much the sa,m:...."3)' "" the
sk in of a drum or Ihe diaphragm " f a l o ud~pealer.

Experimenta l moda l :ma~is ~tudi~ (41 (5) indicato:oJ that
typical MB EJ·s have both flexural and translationa l modI'S
The most significant tr~n~lat i<.mal mod e wa s a verl ical
bounce/bending mode where all parts of Ih.e MDEJ were

vibr:l\ il1!,\ essenually in phase al the same frequency and in
combi nation with some vertic al hcmlin!'\of cenrre beams and
suppon bao

Ancic h et 01 (6) confirmed with fini le c1em<:nlmodelling
the measured natural modes and indicated that MBEJ 's \\"C!'e
very sensitive to damping and "peTalio" al conditions where
motor vehicle tyre impacts to success i ~c ce ntre beams were
in-phase or notio nally in"phase. In the worst combinanon of
low damping «5% of critical) and in-phase excitation , the
modelled dyna mic amplificat ion faeto r ...."3S us high as I I .

3. ME:ASUREMEl'iT PROCEI)URE
To t<:sl Ihe hypothesis, simultanwus ooise and vibr.ui"n
meas uremen lS, al the:GC{l'1!:CSR i~er (Tom Ugly's) and Anzac
Bridges. were recorded and analysed. Vibrat lun dala wrn:
obtained from an accc lL"rumete r enec hed 10 a trans verse beam
(centre beam) of the MBEJ. N" i....:dala were obtained trom a
precisio n Sound Level Meter loca ted insidc the void space
within the bridge abutment di rectly benea th the MBEJ and at
externallucations

The sim ultanen us noise and ~ ibrat ion data were rccurded
onto a Sony Model PC 20~A DAT recorder using a Hrucl &
Kj aer Type 2260 ( Inve·stigator) Sound Level Mete r. Type 4310
Accele rome te r and Type 2635 Charge Am pli fier and
~ubSClluenlly analysed using a ORO S Type 0 11;25 FFT
anal~_

4. RESUI.TS & D1SC USSIO.'l
Measur ements were initially made at the George s RiVCT (Tom
Ugly's) Hridge and the narrow hand frequency analysis of the
vibrat ion dara i ndicnt~'<..I the prcs.::nce of' a small numbe r of
di>eretefrc'lu eneies gencmlly in lhcrange 50-150 1lJ:,

It was believe d that Ihe,;e frequencies were likcly to be lhe
vert ica l andl or horilnntal bend ing frequencies for the
truns'crsc bcam s (lyrecoutao:ting)ufthem",dular expansion
joint. fig ure 3 shows the vibratec n epectrum of u Jypica l

Measured F req u e n c y . Calculated Frequenc y , C al culated Vib ra t io n
Hz Hz' Mode'

7. 67.11 Vcrtical t I)

" 80, 1, 80.8, 81.7.82.9. 83.4, Horizonral t -h. Horizontal
es.s, 87.8, 89 (2), Huri ZOnla l (3 ).

I lor izontal (5), Vcrtic al {2&
6), Vert ical ( I & 4 ),

lI uri zOl\lal(4), Vert ical (2 &

')

9. K9,91.2, 97A Verti cal (2& 5), llori7.0ntal

-- (3), Vert ical (J , 5& 7)

NoI. o: ( tl M ,ll< pe<'''' boonolary condo''''''' ror ,he C"""l! Riw' (Torn UlllY'j llndlloj~jnt .... nQ'k""wn. s~ ... ." n p1;" h. ""... mad<, The Mode
-*'tn _ "illl Ih< r iN ...IJo<,. ,"' " . "r f11I..... . Numbe.. in bracket, ", for 'o.1>o••k ul.<edn...to number_
(2l( 'od (.....,...... _ ....-..l~. I.."., ' n ..; uml" u'"'or1. i"'i..
(ll Brod.rml -.....n rollooooo _ l)pt ... ""' ... ,"" ..lnIl-.t ....>ok.umbco'.
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T. hle 2 C.lf u l~t".d R.....m Alvustic Mlld. 1 Fnq uf n..-in cum pared .. ilt. 'I".u un d
Vibration Frr qul ·n..-il"S- G wrJ::f s Riw r (Tom Ul,:ly's) Brld~f

Measu red Fr eque nc y,

", Cal c ul al e dFre q ue n c y, C .. lc ul a le dAc ou s t ic

Noi s e Vibration ",' Mo de

N.A N.A 1i .1 Tr~n.v~'f'I~ ( I>

tc 70 74.1 VCl1 i~a l( 1)

" 82 111.9 Vertica l (1)

N.A 90 148.3;1 63.8 V\rti~a l(2J

i'IOl~" ( t)C.lcut.'ioo ofm ul';r le frequencies f"r ,ome ",," u>lie mooe. m"" from ,'ory'lII( d,.........k"' . ",ithin tl><,old "1"""
(2) flrockered numb<:.. f" tl.... ingmodctypcrcfe''''lhe<okul .... d",...,lcnun'l>er
(3 lN ";Mdiwc._ther. trut. oedfrequenry ...a.,"'" i<len,i,1Cdin the me••ur<m<Qt'

fi gure 3.Centre lkam Vibralion Sp",..trum - Tom Ugly" !lridtte

Frequ ency Hz

Figu... 4 Awu .t;c hciwio n Spertrum - Tom Ugly's IIr idge

Geor ges River (Tnm Ugly's) Bridge ce ntre beam

Examination of Figu re 3 reveals the presence of three

do minant pea k, in the freq uency spectr um (7U 11.£,112 li z &
YO li z). Con~eqlle nt ly, II. grillage 'lII ~lysis of rhe jn int was

untJertaken usi ng Microstran:)\l(7]. Th i s .naly~i s was used tn

ca lculate natural modal freq uencie s and h hle 1 shows the

mcasu rcd and calculatcd vibrauun Ii-equencies

Table I indicates a high degreeofeurrclation betl'.'Centhe

calculated na tural freque nc ies antJ the tllree dom inan t

Acoo slics Aust ralia

frequen cies (70 HT. 82 Hz & 90 Hz ) measured at the Geo rges
River (Tom Ugly's ) Bridge.

A ~~iblc cl:.planatiunfor th..e hillh erl\'iroromCl1talno;se

nuisance is aeo uslic coupling bet ween vibration of the
modu lar jo inl and roo m acousnc modes inside the void space
witllin tbe bridge aht!lmen t beneath lhe modular jo int. This
po'\sihl e ellplanationwaslestl-dhycalculating the frequenc ies
o f the various roo m aco ustic modes encom passed by 1I1e
vibrat ion frequencies of interest (8). Th is comparison is

sll"",nas 'rauez.
AJd itiollal calc ulatiollswcre underta kentn dl'lcnninc lhe

acoustic modal frequencies within the bridg e box girders as
tbcsc structu res are acoustic ally connect ed tothe void space
wilhin the I>ridge abu tment beneath the modular joi nt. The

ca lculated frequen cies appear as Tahlc 3
Figure 4 shows the acoustic excit ation spect rum frum

mea.,urcmcnts underta ken inside the void spac e within the
bridgeabulmenl bi'neaththe modular hridge ellpansiun joim
Examina tion of Figure 4 reveals the prescn ee oftW(,Jumi nant

pea ks in the noise frequ ency spectrum (76 HT & 82 Hzj and
similar or matclling fK'qucncics also appear in Figure 3 and
Table 2.

Similar measurements 10 those undertak en at Georges
River (Tom Ugly 's) Bridge were repeated at the Anzac Brid ge.
Figu re 5 , hol'.'s the corresponding vibra tion spectrum of a
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Tabl ~ J Calnla tl'd Bo\ Girder Acoust tc Mod a l Frequencies enmpare d .. ll h
~I~nur~d Vibrat iun F......u ~ndn _Gf'Orgn Ri>n (Tom U$tIy',) Brid~

Mea s ured Freq uen c y , Calculated Freq uen c y. Cal c ula ted Aco u s tic
H, H, ' Mode

" 59,73 Tr. nn-che (1), Vcni~.I (I)

az 73,116 Vcrli~"' (1 ), Tr. ... \ 'cT"C (\ )

9Q 86 r......w....,.;( l )

(I)C.lcul. 'ionorm"I'iplcfrcq... """,~.._~~ari«\lI'-.I'r)Wtgdillltftoions

"" lhmll>ebox girde'
( 2)llr""k<'<dnumbc:",foll"",jn~mode'YI"'rcforro lb« .k"l.. od,",>do""mh<r

Ca le u la t~d lind ~I~nllrt'd Natur al Fl'('(luend t'S(Anue "ri dge)

Me a s ured Freq ue n c y. Ca lc u la ted Freque nc y, Ca lcul a ted Vibratio n

"' H" Mod~

st 34,5 ll orim nlal ( l) '

es N.A· N.A

70.5 NA N.t \

" 9 1..1, 94,9.99.4 \'~ rti cal ( 2 & j), lI" riflm1.31,.,
na 103.4, IOU, 111.2, 1111,11, Horizontal (5), V~rl ic al(6),

119,1 24.3 Horizontal (7), Verlical (H),
lIori1.CmI.1J (9), Vcrlical( lO)

rev NA N.A

Not. , : ( I ) A; ,,," p<OCi~~.....JiI"" b_AN.., IlnIF joojIII ~ .... k_ a, ooJIlIf.. .......1"..... -.. """'".
n.. M'.r n............."'"'.... .. , '~ ~ ......l1«,ot.r._ot.,..,p<i<Jn>

(2) CatC\lt"'od f~,.. 1IC;"., ""''''''"'''dorod <Oml<t I HI'lIodu<:1O..' llqItiOOYnCCftam1in

(l ) B' :ock"' od n"m...... f>JlI>Jw",lIrno<J< !Y1><~f"" IO""' calc.....'<d mo.tc:n""' bcr.
(4) · ·I·UI*,,,,loc" ""~" ,,,, c.k""'l>ed r"""'lIC)' ,,,,,,,f<KmdlO c,,.n,,pon.d wi"' thc mc:a<llmd froqumcy,

typical Anzac Bridge centre beam . Examin'lli"n uf Fi;:ure S
revcalsthe pre~ncc"f six d(>m inant pcah inth~ frequency

speclIurn(57 Hz, 65 Hz. 70.5 Hl . H411z, 122 111& 189 li z).
Consequently, a gr illage analysis uf the joint '""s

underta ken using Mierostran :i!J, This analysis was used to

calculate natura l modal frequencies and Table 4 ~""-'WlI the
measured and calcu lal~d vibration frequencie~ , The
possibilit y of accustic coupling to rooen mode s in the Ann.:
Bridge a bu tment void space Wall al"", le"'ed by cak ulalin;: the
l'requeoc ies oft l1e variOU-'lroum a.:ou st icn"x1f;:Se rlC<l mp'u ......t
bythe vibralionf~uencicl"f in lere"f. Tbis compaeiscnis
soo.m as Table 5.

5.0 l'"OIS ": ARATK\ IE;\ T OPTlOJ"'IlS
The analysis ot measurcnems supported the hypothesis that
an enviro nmental noise nuisance rcsulled from the
inleraclion of vihral1oooft he modular bridge expansion jc int
with acoust ic resonances produced inside the abutmenrvoid
spacchclow lhe j"inf.
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Tabl., 5 Ca lClll. led Room Aeou. lie :\Iodal . ·I'(iju.,nd es eompned .. j lh :\I"" .u ""d
\ ·ihra l ion Fn-q u.,nein (An/ • e RrldlC")

Me n ured Frequenc y. Ca lcu ta ted Freq ue nc y, Ca lculated Aco ust ic
H, "" Mode

N," 19.0 Tra... (3 )

" ~ S .3 . -I7.8, SJ.8 A~;" I (I ), vcrtical(l),A'l.ial

(I)

" 63.7 Vertical (I)

70 S 71.7 Vertical ( I)

" M6.0 \lertical (l )

122 12H. 13S.M,14.l3 Venical (2), Axial (3),
Vertical 0)

I., In .O, 191.1 Vertical (2),A'lilIl (2) &
V""-;,,,,1(3)

N,"eo:(I) C.k"I,,,,", "r ",,,I"pler''''III<'''' '. ' f"r ""'''' ow",,," moo.. an..,. from••rymgd,m......''' ''' .", h'lIIh•.... ....
(2) l"-o:l;naI Mm b<" foll......ing mot1c Iyl'" ", fer 10 the ,·. k ul. k d mode nomb<:r.
(J) S .A .-. lIm II><<okololM frequenoy ...., nul id<:n,ifJ«l in the m...o",,,,.,,t ..

Design Centre Frequency of Helmh oltz Absor ber, Hz
Segment

I I 2 I 3 I ' I s I 6

Frequency (Hz) " I .. I so 1 10, 1 110 I 120

The r"..-erber-Inl nalure of the void space was considered 10
he the reason for the apparent amplification of the lov.'
frequency sound pressw e within the void space. A. true
. LtJ1ding waves do llOl Jlrop;lgale, Ihis highly reacti ve (long
1"I."VCrber"dlion time chardel"n >lic}of the void is 1101apparent in
the far field. Due 10 Ihe small amoun l of acoustic absorption
in thcvoid,someof lhissoulld energy isab>orbcd wilhin the
void and some is radiated to the l'D";mn ment thtou gh
openings. Th" build-up of acoustic energy is then radiated
into the "nvironmenl

Mariner (9) reports the results of noise measurements of 3

numher of differen t types of bridge expansion joints,
including modula r bridge expansion j oints. Whits l he
indieales lhal lhe inslallatiun of an acoustie enclosure bcneath
the expansion jn im was very effec tive. it is nOIclear whether
the enclosure was u,cd with lhe modular design. Rhombic
plates welded onto the top surface of the edge and centre
beams arc reported to offer nnise reduct ions of up to <;IdBA
helow the hridge deck [10]. However, lhese engineering
methods of' noise cnnlrol were considered 10 be either 100

expcn, ive or, in the case of the rhombic plales, la'l(e1y
developed for a particular proprietary design MBEJ. In
add ition, wh i l~t lhese no ise eo n lrol measuresarc u ndoubtcd ly

Acoustics Aualralill

~ : i~.~ 55 :
i 00 ~ .' . .. --~--

• • 5 ,. .. . , - ~__ -
~ "" ; , , j - - - :
j J5 : L w",,~

JO ' . -~.• - •

,,- .. ., ,-I' -# ,,- # of',# #' ,,"#' ' ,,#
Thlrdoa.... BandC .n l" Fr. q... ney H:r

FillUn: 7 I(MS Aw"'tl~ 'Th,rd Oeln C Band Nn;", Spec!.....1
L<>,:ali"114

effective, their usc may have an adverse impact on the ability
or lhe a"et tlWllCrhlmul incly il'sp<,<;land maintainthe jo lnt,

It was considered that cost-effective noise abatement could
be undertaken by:
I M.'l(jifyinll lhc dynarnichehav iourof lhcjoinll oshill thc

natural frequencies so that they no longer eo-incide wilh
acoustic resonan~'es .
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Figure R He lmho l11 Ab "orbc:r

2. Reducing the overall dynamic rcsfIOnsc by add itional
modal dampin g. This optio n included the trial usc of
tuned mass dampcrs .

3. Providing acoustic absorption and limited screc nin lo(,
adjacen t to the joint. to r educe no ise propa gation.

4 MoUi fyin g:thc aL"t'u st ic ab~o'l'l ;On pruperties o fihc void
spaee tucliminaleurrcduce the inc idcnec of acUUs1ic

The above strategies represe nt both "new con struction"
and "re tro.tn" optio ns. H\l\\'eVer, tlltir effic acy and cos t,
effectiveness was still 10 be es tablished by engine ering
measuremen t

There ....ere init ia l plan s to design and te~l Option 2.
However. this option was ultimalely not pursuL-d. Although
tuned mass dampcr s(T M1>lwou ld likely provid e an effective
noise reduction, I~ devices were nul strongly ad vocat ed
duelo the highnumllcr of natur.llmodCli pre~llt iU1dh<.:ocea

high numbcr of T MDs nccdi nl! lo be fi ned and tuncd ( ll ).
An alternative to the TMD concept wou ld be the use of
broa dban d dampi ng co upled rna" abso rbers

The perceived di,;advantagc of lh i~ arrroach bclllil the
requiremen t for a sig r ufka nt ma:<._aUachmcnt toeach cen tre
beam. An array nf da ml' ing coup led mass ah'trrbe.-, was
sub'>CqUL'I1tly lrialled at AnT.ac Rridge to reduce the risk o f
fatigue failure but elabora tion of lhal work is beyond the
prese nt disc ussion .

Due 10 rcilOt1llnecs within the void space. the use o f
acoUlitie absorpti on and limited !Il:m; ning, adjace nt to the
joi nt ....lI..not consi dc rcd practical. Ccnsequemty, only Option
4 .....as invest iga ted. Thi s in\l: stigat ion was undertaken using
two differen t approao:hC1I. Fil'i11y, the simple add ition o f
xO lI:'<tieabs" r plion into the v"idspacewas tcstcd

Noi,;,emeasur ement s ......re colMiuet~-.J on 4 May 2001 at
.. hieh t ime trial acou stical abso rptio n material had been
installed oyc r thc floor of the void below lhe Cllp.m.~;on joinl.

Theahsurpti oll"'3sarranged in a IOOmm thick layer o\"er the
floor area ofthc void and raised 7Smm(no minally) abovc the
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f1oor surface(IOoplimiselnwfrcqlrenL")' s"undabsmp tion)

Noise measurcmcmIocauens are shown as f igure f>

Whilst the above deck (Location s I and 2) and thc ~ide

( Loca tion 3) measuremen ts sbow 110 sillnifi eant change in the

noise spectra . the below deck Locatio ns 4 and 5 sh....v a

signific an t increase in the low freque ncy bands .. 'hen the trial
abso rption was removed.

As the measurements at Location 5 (from within the void

spacej ere thc rcsuh of sound pressure due to both propagat ing

sound energy as well as non-p ropagatin g standing waves, thc
results at Loca tion 4 provide a betterindication offhc ctfcc t

on the em ine d (propagaung j ncisc.

Thc secon d approach invulve d the cnns tructnm of a

lIe1mholl1 Abso rber within the void space. TIre inlernal

dimcn<ionsof lhe l lc lmho ltz eh:lmhcl'llwcrc cale ulated ltlco..

incklc w ith th e do minant acoustic frequencies. The

Ilcl mholtz Ab" lfbcrpa llels ......:rc \lcs iglled tv 1;ugcl the ct itical

frequencies shown in Table f>

Figure 7 shnws a comparison of RM$ averag e one-third

"cta\-chand noise spectraut Locution 4 hcfore and a llcr the
Helmholtz absorbcrinsmllauo n. Also shnwn arc the one-third

octavc ha m.l nui~ spectr a with floor ubsorprion on ly, for
comp anson.

These results c1carly demonstrate lhe enecuveness ofthe

Helmholtz absorbermodules in the target range n f fiO Hz to

160 III

Figure Hshows the insta lled abso rber modu les.

6.11 CO!'iCL USION

Noi,;c and vibrat ion measurements have been un&-nak en at

Anlac and O.....rges River(IO!n Ugly ·s) Br idg ..s. The anatysis

of these measure ments suppo rted the hypothesis that an

cnvinlOrtlenlal noise nuisan ce results fromrhc inlc raction of

vibralion of thc mod ular bli dgeexpansion joinl with acouslie

"'sunancespm,.luccd i ns itle thevoid~pace helow l he joi nl.

Thctrial adtli tionofacoustie llb'lOl"pfionbatts into lhe void

space of Tom Ugly's Bridj!c was con sidered to he only

margi n;llIy effective for noise con tro l and .....as IlOl: pursuc d

Il(l\llc .-er. the msta lled Ilelm ho llZ Absorber at Tom Ugly 's

Bridge hil-_ redu ced the mod ular eXJliUlsion join t ind uced low

frequel'lCy "booming" nn ise em issions by up 10 10 dB. The

character of th..l noise emi!>..ion from the unders ide of the

hridl:e deck would nOInnger he classif ied as tona l and hence

rhe likelihood of modula r expansion joi nt related noise

co mplaints hn bo,....,n sign ifieamly reduccd .

The: use o f Helmhn ltz Abso rbe rs at other bridl,l~ with
motlulareApansion join lS is cot1Side rctl to be viab le as an

engineeri nl!:mi(lhod o fn oise contro l.
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I !'IiTRODUCTION
Industry noise from scheduled premises in New South wales
(NSW), Australia is generally as.'CSscd with refe~nce to the
Industrial Noise Policy (20001 [ I). The Industrial Noise
Policy (INP) is used by relevant Government Bodies for
s<:tting statutory limits to license noise sources from premise'>
scheduled undcr the Protection of the Environment
Operations Act ( 1997) [2]. The policy is designed for large
and complex industrial noise sources but inc1udescnmmcrcial
premi'e~, warehouses and maintenance repair facilities .
Intrusive noise is one of the factors considered ill the INP 10
qu.antify noiseiml'acts and isdefined as noise which is 5 dIJ
above the background. No modifying fact ors ate given 10
allow for industry which is seasonal. Seasonal industries are
fuund, for example, in farminga lld foodp rocessillg industries
such as wineries, nut farms, sugar farms and fruit farms
These industries rely on harvesting and processing product
uvcr relatively short dcrations each year, typically two months
tofivcmonlhs,but thedura tioncanbeasshortasafewdayl;
or as long as six months. It is expected that people Wl;HJ ld
preferth e noise tt\ occur un for cxamplc90 to I 10 days rather
than cvery day of the year if the level ot noise aod annoyance
wcrcthc samc, llenc eitis hypothesised that the noise impal.1
is lessif thc norse occurs on significantly fewer days in any
one year, Industry wfluld always be expected to reduce llOisc:
levels 10the l{)west l~<:l rea.'W""'t>lypr;l<:li ,able rcgardl~'SS of

criteria, Nevertheless there i~ a trade-off between acceptablc
1evels above thcbackgroundand annual duration. cven ift he

degree of that lra,le-off is dim,ull to identify, Codes of
Practice have been ceveroped by some NSW Local
Authurit;e. in an attempt IIIaddress thi ~ issue [3,4)

SEASOSAL NOISF, SOCIAl. SL:RVr,VS
limitcd research h"" bccn carried OUI to asscu thc difference
octwecn scasonalnoise and conlinoousn oise. H'''''''\ierin ,,mc
social survey [5J from the Neeberlcnds, there ...as a dllTereoce
between the day-<:vening-nillht k'Vcl (OENL) for noise that
occurrcd andC\-'C1y day of the~a1comJl;lfCd to noiset hat

occurredonl y 90da ysper year forth e S3men oisei mpaet.Thi~

differencc was found 10be 12 dB as shuwn in the e~ampl" in
Tahle I below. As this i~ based on lhe lIaTlll' DEl\"L averaged
over a full year, the acrual ooise le\-eI ...."'ldbe6dll greater
for the 90 day period 10 give the same noise e~ JIO'ure (i,e.
12 - 10 log I 0(35619OI dBla.s.~uming the rcst of rhe jear was

comparatively quiet
Thi s research mdtcatcs that a modi fying factor based

on 10 101:10 (365 /11)dB(A), wherc II ia the num ber of days

per year thaTthe seasonal noise occ urs, could be applied to
produce the same noise impact as for continuous noise. It
may lhen be appropriate to apply tbis to the Intrusive noise
given in the Il\"P. r or examprc fe r noise which onry OCC UI5
for 90 days per year the intr us ive noise would be
background plus I I dB (i.c .5 + 10 10gl0 (365190)dB(A»),

i lOd ays wouldbe back:groundplus IOdB and six months
would be back ground plus 8 dB (i .e. 5 + 10 1011 10

(3651182) d8 (A)). Where cumulative noise from different
seasonal industrial sources affect s individual residences,
this modif)'ing factor may not be valid

___Noise u"cl (DE:'IiL)
Cun ttnuous Nuise Seasonat xo tse Noise Impa ct
~~of lhe Year 90 Dan per Year \,.. A Little Anno ed

45d B(A ) 57 dB(A) 11% Anno ed
3% Hi hi Anno cd

53dB(A ) 65dB(A)
~~~~o~

7% Hi hlvAn no ed

IS......« : Mi<:dcmaand ..... 15]l , Notc :Thef)F.NL ~Pf'lie. a 5dHl"'nallylUcvcninganda IOdApc nally lu
nightl i",. lo:vel..
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FURTHER RES":ARC H AJ\I}
COJ\C I.USIO""S
The St....ial SUl"~ey IS] supports lhe tntu-uve hypot ll~'lI i ~ that

noise: from Kil<o~ al indu~try, wtnc h m. y occ ur on

signirK3ntly IeoIs days thanonc full year, will result in . ~r

IlOlSC imflad f.....neighl:>ouringresilkTlt$ thantlOi.c -..hio;his
conlmoou., fur 1M .. -hok ~. Iw.. ever. !he survey is tvl ly
based on a iin(!te case study. Thi s ca.<o:!IlUdy is indieatiw, but
simiJarli<J("ill .'"'"eys fOl'Austr.dianKasonal l~tryan:

I'D;jwrOObefore firm conclusions C~ be n:;oo;hed
WhilSl all indLNry shouldminimisc nolw lo lhe Jownl

~"('I Tnooonably practicabk: . a mo.bf}"ing f.,;tor ~ on
1O"' lot36 S!.. ' d8(A) tolIld be addcd lo tbe inlnni~ noi..:

e:titerion .ThisisoneadditiuNl lf3dOl' ..~~g
n:lilisti<; noise impad assess mcn!s for se.a.o;(>n.aJ ind umy

.. ilhin :-';SW

R[Ff:}{[J\CES
l. t'......· s.""," KilJ.., "IJ~sIrial Nm.~ fW icy (FPA 00(1)

Jan uillY 2000
2 lbe rmle<:tion of thc Environ ment Opl'f3 tio.... AL1 119'.l7)

cn n1n1cnccd opcra tion n... I July ION9
3 Gri ffith City Co und ! and Leeton Shi re ClIuncii hav<l

I'rodll'''~ a llrofi I' rosl Om lm l Fa ll Puli, y {September

' 0001
4. Lis more Ci ty Coun cil Code of PtUCfi".. fitr No;.,,,

M"~..·..·,,, of (J,,·F_ P........,. ing (Fehruary :!0031
hllp :Jl.. ww.li. mon:.ns.. .(!lJV.aweont m t 'p lan ningtNoise_C

'><k_Final_OI-03-03.pdf
5 1 1. ~1. E. Miedema and H. Vo", ~Sni,< 1U\"'l)'"nce from

stationary 5OI.Im:t : Itebt ionships ....ith es posure metri<:
day - C'o'aling - n i!:m les~1 (OENLI and the, r ( onf..Jeoce
int~TVl.b.M J.Jf<:ovsl. Soc. •~_ 116, J}ol- J4J (2004j

"
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RECEN T CHANGES TO THE SOUND
INSULATION PROVISIONS OF THE BUILDiNG
CODE OF AUSTRAUA*
Matlh cw .I.I·alfcrsun t
1' l"o fl'•• lomBI St' n' in" , A.. , lulian Huild inll. Codn Bon'd. ( :. "lw r r a. Auoln Ei... .. ·.. .. ·.lIlx h.I:"".• u

ADSTRACT: Thi, paper discu.<.'C' the m:e n, c M.n~es to the BuildIng Code of Au.<lralia (il eA) r.ouoo in<ulllian Kquiran ....ls.. II OtlllitleS
the main driv'D for (he ~h""l\c, . ,Id I"" k.s01tI~ pn ..·.... \1I<dby the Au~ulian Uuildilll: CO<lto ~d lu ""'dol' Ibo= "lC""""'~ _ 11.lso
outli"'o 'he , .<Ienl "r tl>ochang C5and the "i fTn , m opt"'"' for .h'11klfl"rallng oo.n plian« ....ilh tM RCA

Nomencla ture
R.. Weighte d sound reductionindex

(", Spectrum adaptatio n tam

<-... Sf'\.-.;lruma<l" l'lati"nlcnn

Lu weigh ted normalised impacl l;\lUnd pressure level

D.h weighted standa rdisedlevel differ...nee

1:. ~... weighted sllln,ta rd i s~-d imp'''l , uund prO:Sl<u.....k vcl

I. I ~THODUCTI ():"

The Building Code of Ausfralia 2004 (HCA) [ I ] came into
effect on I May 2u(J4 and intrndu ced new sou nd msularion

retluiremenl' . Thechanves were a response to increasing
evidence that lhe previou s RCA sound in, ulalion
requi rements were not meeling ellmmunily expectalions, The
purpose of the re<.Juiremenls is 10 red uce soundtransmission
bet ween attac hed dwelling s and units and also between
dwelhngs or units and cih cr areas within the building. The
~uil'<'rrK"f1 ls du notaddrcssexl...malnoise

As pari of ,,,",,,elop ing the new m.:asurcs, a numocr of
docume nts were released for public consultnuon. The AllC ll
usee comments received on those documents to a..ist wnh
finalisingthechanjtcs

The scope o f thc eban!!cs inclu ded

increase in the lev el o f airbo rne sound insu lation for
wall»llloorsscflilrating dwc llin!!s1sole-llccupaney units
inlruduetiun of Impact sound insulation rcquirements for
floor> scparating d_llingslsole-ocrupancy units
imruduet ion of field testing as an option for venfy ing
compliance of walls/ floors.
sound iosulalioo requ ircments for ~r,'ices exrendeed to
cover ...ater supply pipes, dUCI ...o rk and storm water
prpes

Q u<"-'Osland, weste rn Austrulia and the No rthern Territory
have not adupted the eew requirements_ The previous
requiremcm s connn ue 10 be applicable in these
Statcs/Icrrtrories.

2. 8ACK GHOUND

T ht ",ui ld ine COOt of Au"ra li.

The OCA i , produced and m~ i nlaincd by lhe Aust ralian
Auilding Codes lloard (ADe ll) on behal f of the Australian
G."' cm menl and each Siale and Territory Government. ITis a
per form ance base d code , which sets our the level of
perform ance Ihat the building is 10 achieve. In most cases, il
also gives a prescri ptive solution (i.e. Dccmcd-t ....Sa tis fy).

The BCA is prcP<'rW and wriucn on lhe basis that it is the
uniform set of technical provisions for tbe design and
constructio n of buildi ngs anti other suuctures throughou t
Australia .

The: BCA contains 2 volumes . 'Wlume O ne covers Class 2
- 9 buildings. and Volume Two covers Class 1 and 10
buildings.

Eac h State and Terri tory has ils O\O.T1 build ing control
legis lation that rctc rcncesrte BCA as the Icchnical stan dard
thal speci fi es l he rcq " i rements for thc d~'Sign and cOllSlTuetion

of buildings, 1llc State or Terri tory legislalion is gen..mlly
admin islralive and dot's not <-ontain \<:chn ical rcq uirt>tTlenrs

The buihling control authoriry wnhm each Stare and
Territory dete rmines the application of The OCA within its
jurisdiction. The manner of application and admi nistrat i. 'e
arran geme nts differ between the Stales and Tem tories due to
r<:eogni tion ofl ocal innucnces

The States and Territories may also vary the tec hnica l
provisions of the BCA. These variations arc included in the

BCA as Sla te and Terri tory Appendices and arc given legal
effect by the rele,,'ant Slale or Territory building con trol
leJ;i,l ation

Because of these diffe rences betwee n the Slates and
Territorics . there a re differcnt crileria Of' l ri~"''TS' fothO\O.'lhc

~~;~~:',;:~;ng> uf """""'0. 2004, s. s N",'rnloc.. 2001,

f AnY~·' ''''' 'daling l<>lhiJl""peroho.",1dl>eodo.lrc••ed IU NtlfIO
Jk>y,"" , .... .,.. 11.l ........ A11SIrI.haDBuilding (·od<. B<>ard
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RCA applies to buildings. Essentially the RCA applies to -
• All new buildings.

New building work in existing buildings, such as additions
and alterations.

• Existing buildings that are to be used for a purpose
different from that for which they were originally designed
(often referred to as a "change of usc").

BCASoundInsulationProvisions

The ilCA sound insulation provisions apply to Class 2, 3 and
9cbuildings. The requirements also apply to attached Class I
buildings. Generally a Class I buildingisa single dwelling,
such asa detached house or an attachedhousc (i.e.
townhouse, terrace house, etc.). Class j buildings also
ineludesmallcrtypehuildingswhereunrelatedpersonslive,
such as boardinghouses, hostels and guest houses. A Class 2
building is abuilding such as an apartment building or block
of flats. Class 3 building covers buildings, such as hotels,
motels larger type boardinghouses and aged care buildings
where low levels of care arc provided. A Class 9c building is
an aged care building where levels of care ranging from low
tohighareprovidcd.

There have recently been concerns with the BCA sound
insulation requirements, particularly with Class la and 2
buildings where people may have made a major investment to
purchase or may have entered along term lease. Once they
are in residence, they may find the sound insulation to be
bclowcxpcctation.

It could be argued that with commercial short-term
accommodation such as hotels, motels and tourist hostels,
thereissomedcgrecofself~rcgulationbythcmarket. Further,
food preparation and elothes washing areas arc less likely
within a Class 3 building unit.

There has also been a dramatic increase in recent years in
the number of people living in both low and high rise
apartments and in attaehcd Class la houses such as
townhouses. This isparticularlythccase in major cities and
other large population centres throughout Australia. In
addition, many commercial buildings in major cities have
been converted into residential accommodation.

Associatedwiththisincreascinhighcrdcnsityrcsidential
living has been a corresponding increase in the numbcrof
complaints being received from the building occupants about
the high sound levels being transmitted through adjoining
floors and walls. There have also been some complaints about
sound coming from service pipes and ductwork.

According to information provided by the Home Unit
Owners Association, investigations by members of the
Australian Association of Acoustical Consultants and recent
media attention, complaints and litigation are on the increase.
Where fault has been found, it has generally resulted in high
rectification costs. In other instances, it hasnotbeenpossible
to resolve the dispute because the provisions of the RCA had
been achieved even though the owner is of the view that the
sound penetration is unacceptably high.

Some of the sound passing through adjoining walls and
tloors can be attributed to inferior practices and poor quality
workmanship. However, there is strong evidence that the
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principal reasons for the complaints were that the insulation
levels specified in the HCA were no longer relevant to current
lifestyles and modern appliances.

It should be noted that the RCA sets minimum acceptable
standards andthatthc building industry may provide higher
levels by usingbctterperforming systems. However, the latter
is only likely to occur in more prestigious developments where
greater attention may be paid to sound insulation design or
where there may be high quality control during construction.

The BCA provisions have received considerable criticism
in the press over recent years and many Councils, particularly
in NSW, have imposed higher standards. A number of
Councils in Sydney have adopted criteria considerably more
demanding than that of the BCA.

In other developed countries, building control authorities
had already adopted higher minimum levels than those that
were required by the I3CA.

ARCB Sound Insulation Project

Due to the concerns raised about the RCA sound insulation
provisions, the ABCS undertook a review ofthe requirements
applicable to Class 1,2 and 3 buildings. The requirements for
Class 9c aged care buildings were not considered. The
conclusion of the review was that the RCA sound insulation
requirements were not meeting community expectations and
that the provisions needed to be amended.

The review and development of the changes were
conducted in consultation with peak professional and industry
organisations. The ABCR's Building Codes Committee
(BCC) also had significant input into the development of the
provisions. The BCC is the ABCB's peak technical advisory
body and has responsibility for providing technical advice on
reforming, maintaining and upgrading the technical content of
Australia's building codes and standards. The BCC's
membership includes representatives of the Australian
Government, State and Territory Government agencies
responsible for building regulatory matters along with
members of industry.

As part of the development of the sound insulation
requirements, proposals to amend the provisions were
released for public comment onthrce separate occasions. A
Regulation Document (RD) was released in January 2001, a
combined RD and Regulatory Impact Statement (RIS) was
released in May 2001 and an amended RD/RIS in February
2002. A final RO/RIS was released in April 2004. All of
these documents are available from the ABCB web-site
(www.abeb.gov.all)

The OlTiee of Regulation Review has written to the Board
slating its satisfaction with the April 2004RIS methodology.

Over ROsubmissions were received on the February 2002
RD/RIS. In April 2002, the ARCB held a forum with key
stakeholders to identity and resolve the key issues. The forum
was attended by 49 people representing the range of views
expressed in the submissions.

Significant outcomes from the forum included:
• Agreement that a change to the I3CA provisions were

warranted.
General support for the levels of sound insulation



proposed in the Februar y 2002 KDiKIS
lden tifiealinn of t~~hn iclll ItUl1en 10 be rcllOlwd bc:forc

amending t~ OCA
All i<kntificd need for lin indu ~try-<be lopcd (ABeR
coord i nat~-d) I!uidc liroo: 10 lIMist in llChininll co mpliance

withthc il eA.
The ARCR also undmnok lU OOI'1o;.ult .. ith ino.lu.>try w...."lI

dc vclo pinll the BCA ()I.-crncd-t()-S;ali ~ fy methotl . . The

1 "Jcoemcd- l()-Sall~ 1Y nw;:thnd. arc coo t.:!llned in S..,elfK".Iti...n

FS.2 of Volurrw:Orw:anJ Tablc l Il 6.2 of Volurne T...u,anJ .l1l:

wall/floor s~cms that have blx n Il:'SIL-d in theb~ in
acc ordance with the rclcv;anl O'lalllbrd~ and nlCC1 the BCA

sound insu lat ion requ imnmcs.

3. SCO Pt: 0 ..' CIIAS(; LIoi

Thc dJanl!C' atfc:etcdtheOCA soundi nsulllion~ iremcnl s

awlicab lc to Class I. 2 and J Iluildlnp . The followi ng

a plains the:chan,ainiClI<.'nl lCfTll'

Ad dit lo. DfS p«tru m Ad. p... tloll ....et ....

Spec trum ado pt.llion f;acton are common ly u.cd to

competUa!C' lor rhc fad that certasn kltllk of KIUlld5are IIIOI'e

",WI ly twNni llcd throu gh inWllatmg m:atmal s tIwl ccers,
ISO 717. 1 121. which iii rrprodllCC'd ali AS,N ZS 1276. 1 (3).
SoCIsout tcsl ing ltWthodologics for thc~ insubl>OO

propcnln ofllu ildinll clemcnt s linJincorporatn thcsc:f aetur;,

and e~plains t~irulol: .

UnJer tbe fttViou.. BCA requi n:mcnlS for auoo me sound

i.,.,ul.lioun.tbe _ighl<.-d !OOUnJn.-dUCIi"nindC5(~) of a

buikbngcl~"" uthc ",nlycoo5idcration.On adviccfrom

industry , tbc:ada pt:ltion fa<:1<lr C. ha.n",," hcm inll"Olklced for

mosl bui ld"'g clclncnt li which req ui",:an airborne sound
insulatlOO rann g. The on ly c~pt,on i ~ a wall ....1tich

!'eJ'iIralcs a~ning from a planl tuom. lift sha ft. ~l:ai rway.

publi c COlTidnr, puhlic lobbyor the: like . or pam of a ditf erc:nt

class ifICation.
Tbere fore . buth the C. faeroe and thc R.. of the building

elC'TTlClll need to becon~idcn:d in maS! CL'ICS.

~C .. faetorlak e~inl(laccount lo"'cr frcquency1e,'eI

sounds. and wa~ chost'n in large part in recogn it ion of tbc

problem of the high ban frequency oUlput ~ of modern home
th~atre systems and music rcproducuon eq uipment.

Adopting C. is also likely to min imise inconsistencies

between la botal"ry ll~.t re,u h s an,j on-sile le'tre,ults.

C.. is a nt,:gal i, 'e number which means that the R.. + CIfof

a building eleme nt willl>c less lhan the R.. of the huild ing

clement. For cxamp le a ....all ayslern may have an R.. of~~ hut

would have an R.. + c.. of .$O ifl he C" "aluc was . ~ .

T he C. for a buildlllg eleme nt varie s accor ding to the

insulating material tn1pl~d. f or example a 90 mm brick

cavity wall has:ll C'... value of amund -.6, as une. a wall

constructed o f 1.$0 mm corc-fIlled ceecrete hloc ks. By
contrast. a doub le cavlly ma'\Onrylpla.~t..rboard wall has a (' .

of around -12

Acousbcs Australia

Inc"'....,'nI.f\ t l. " fAl r bo r nc So und InsulaUun

The pl'C'\ious BCA D..-cmcd -to-s..t isfy Pruvisiuns for airborne
sou nd insulation ...'esc:

R.. nol k:liS than .. ,S for ....a lls bc t...een d...e llings and

bmo.ttn d"'tllinpandoth<'Tpan sor the:b uild ,nll; and
R.. not: Ieu !h;ln ~O for .. .. II. bc1......rn.N throom , san itary

((lmpa rtm.:nt. laundry or kilchm in une d"'tUingand a
babitablc nxxnlotbcr thana kitchml in an adjoining
dwellin g; and
R.. not less tIwl4.5for floorsbcl \\'ftll dweUinp .

1hcreb.lll bcfttllOOlCoonfusionabout .. hcthcr lhe"t-e
fe'QUirflJlC1lls lOfte fOl' ...-ha1 shou ld be: achiev ed in the

laboralOl'y or what should be ach~cl 0JHll<:. The ""_ RCA
(kancd.to.SatislY Proot~ 1nata>cthe " '. 'd s of airborne
,;ound i_lalion and _ make it d n r 1Iw the O",,:_:d-.....

s..tisfy Prootisions apply IU w..IHlow S) st<:mstha i an: test....J
in ee 1aborakJry. Fot . irbomt IiOUnd insulatq tbc __

rt:qU'temCI'llsarc'
R. + C. not Icss ttwt 50 for "'lIlb bL·t...",:n ""-dlinp; aoJ
R. not kssthan SOror Wllb~ing l dlOCllmg from l

plant room. lift shaft. sa;"'..,., public corridor, puNic
lobbyorthe lil.c.orparuofadilfcrmlebssiflC3rioR; and
R. + C. not:Its. lhan SO for Roon~ d_lIinp and

bctIOo=. d_llinp and • pIaotroom.lift w ft. sW rvoay.
publ.ic cocridor . public lobby or the lil.c. orparu. of a
ditfcrml da,;.s;foationti .c. rcuil.otTlCCata. etc.),
The scop.: of lhe pro,..isionsfor.lltbomoesound i~latlon

have bern extended s1igJttly.lS the ~uin:mmls now apply to
lioors ...1ticb.s..-paralC.. .t-lling from a p1anlroorn. hft shaft.
stai rway. public corndox. puNic "lbbror the like . Abo. thc
requin:mcnts llOV<applyto l ...al lotfloor ...1tich~tn .

<N."tllingfrompam of .d,tfcrcnl clani fical ion

Q\! anti flntoOltof H ...r lm pxt Sou . dl • • • bto". R.. ti. g l

T he prcv iUIIs RCA sou nd insulat ion I\: rf ormanc c
Rcq uimncnts fur lloon made rdcn:nce to ftoon JllU'l'idini
iJ'L~ulalion agairn.t impact ~rncralcd !oUund , IIt:M1:"n. unl<lr.c
the ~'1u il\:nll:nls fut ovalls. thcTc _ no rorr~'5JIlmding

Dccmcd-t....s.atisfy Provision 10 nlll b li_h co mpli..nee .

The ARCB n:cei Vl.od ad-.'ict front various !illl.lrcn lhat tbc
Dee med- to-Satis fy Provisions in thi ~ area "'tre inadcqUlltc 15

tbcy did nol pnlVidc l::uid. n,:c as to what Wall required to mcd
the Performa nce R~'q ui~m.,nl. Anecd...t. 1cvidt:ncc !I\lggntcd

that complaints ""~ bc i n~ Jec'eived, part;c ularly in te llitiun to
wd area, Il l' unca rpctcd livillg areas Ihal are ah<.""esleepin g
areas

Conse quently, lhc n..,.,11lcd· lo·Sl!t i, fy PII", ;, i" ns have
intro du ccdilllpad SOUlld in_ulution rc'Iu iremtn h fur fluo u .

Th c terms 10 describe the i"' Jlitel ~\lund in. ululi"n uf lhe
floor is the weigh ted n" rn' uli""d i rnpa~ l . \lund prc..ure
level (L" ..) plus the spec tru m , daplat ion ter m (C I)· Th e

lowe r the L.... ...C l uf thc flotlr, lhc be lief the performance

oflhcflonr intcrms ofimpaet ~ollnd insu lation
The new IlCA Deemed ·to -Sat isfy Provisioll5 require lhe

L..... + C I of a floor 10 be dc.1~nnined by testing in the

labora lory. The iml'aL'l ",'und in!l\llation req\li r~rnen 15 for
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floors are:
Ln,,, + Ct not morc than 62 t'lrtltlorss.:paral ing dwcl lings

and for tloors separating dwellings from a plant room, lift
shaft, sta irway, public corr id or, puhlic lobby or the like, or
parts of a ditTerent c la.~si fical ion

Increa se in Impad Rcqu ire lm nls for Walls

The previous RCA Oeemed_IO_Sati~fy Provisie es required
" alls separat ing a balhnKlln, sanilary compartment ,launtlry
or kitehcn in one d....-el1ing from a habilablerwm (other lhan
a kitc hen) in an adjoi ninllJwel ling, to pro- toe a satisfactory
level of insulation al,!.ll insl impact sound . The options for
compliance were for the wall 10

be in accordance with Table F5.5, Table 1'5.5 l isted ) wall
systt:ms which were deemed 10 have satisfactory level of
resi stanc~ to impact sound; or

for other Ihan masonry, be 2 or more sep.arale leaves
without rigid mec hanic al connection except al the
pcriphery;or
he IlO less "' sistant 10 the transmission of impact wu nd
whenlcstedin aeeordance with Specificatioo FS.5 lhan a
wall li' leJ in Tabie F5.5.
The impact sound insulation requi rements for walls have

chan ged slightly, The applicat ion of the requirements has not
changed. howeve r walls which requi re impact sound
in, ulalion must nuw be of disClmtinullus cons truction . Forthe
purro,;c of the IlCA,Jiscontinuousc ooslruct ionm<:ans awall
having a min imum 20 mm cavity bet.....~-.:n lWOseparate leaves,
wilh nonl«hanica lri llkagebetv.-eentltclcavCliu eepl atlhe
periphery. Fer masonry ...,,11systems. resilien t ..... alltie s arc
not considered 10be me<:h,," ical l inkB~e

Wall system s using sla(o:gere<:! st.....!>on cornnlOn plBlcs are
not considered to be discontinoous con'l ruction .

ProvhlonorOn....lle Teslin g

The prev ious ile A Deemed-to- Satis fy Provisions did !lOt
include requirements for on-site lestinJ: of'b uilding eleme ms
The changes now provide a means of veri fyinll compl iance
on-sire. This is nne way of verifying a perform ance approach
IAllemalivc Sulutjon). An A lternative Solulion mu~t be
1S",~dBccordingto one or lTlOl"eof I IleAs'\Cssment MCIhods

u dcfi ncd in lhe OCA. These AS""lSmenl MelOOd~ are
Docomenldry Evidence as de!.cribo:din Clause A2.2 of the
RCA
Vcrifica lillll Methods
Expert J udgement
C" rnparison 10 Deemed-le>-Satisfy Provisions
The on-site lesl ing requirements appear as Verificatio n

Methods FV5.1 and FV5,2 in Volume One and Verificat ion
Mrth...d V2.4.6 in Volume Two . For Class 2 and 3 buildings,
FV5.1 relates 10 floo rs and has I\ ..q uirerncnts for both airborne
and impact sound insulalion ....hile FV5.2 covers requirements
ror ....OIl1s and ooly considers airborne ,,'und insularioo. For
Class I building", Verific at ioo M<:IOOdV2.4.6. like FV5.2.
covers rcquircments for WBlIs aoo only etmsiden> airborne
soundinsulatio n

There is no Verificat ion Method for verifying the impact
sound im;ulatioo per forman ce of ......ulls on-site as there is nut
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currently an accepted lest melhod a~a ilable. There fore, where
a wall requ ires impael .o uul! insulation, the ....all can be
discontinuous construction . Alternatively, if appro priate an
Alrema tive Solution could be developed using one of the

Assessment Methods outlined above i.e . "pert j udilemelll,
companso n to the Oeemed· t()-Satisfy Provisions, etc.

The terms 10 desc ribe the airborne sound insulation rating
of a building eleme nt ......hen k'S1ed Of\.silc, i. lhe ....ei ghloo
sta ndardised level differe nce (I) nT....) plu s the spectru m

adaptat ion teon (c,,). n.r... is sim ilar 10 R.. , whi lsl lho:

purpose of C~ is explained previously in lhis paper. The

higher lhe D ob + C"ofa building clement , the better thc

perfonua nce of fhe building element in term s of aimnr ne
sound insulat ion.

For build ing cleme nls tested on-site, the airbor ne sound
insulation requirements ~re as fullows:

D..T... +C.. nnl: less lban45 for .....alls bel.....een dwe llings;

and
D'T,~ JlOI less than 45 for wa lls sep arating a d ,,~lIing from

a planl room, lift shafl, slairway, pohlic corr idor, puhlic lobby
or the like, or parts ofa different cla ssification : and

DoT... + C" nut le)s Ihan 45 for floors between dwcllinll:S

and betwe en dwel lings and a planl room, lill sha tt , stairw ay,
pubtic corn dor, puhlie lobby or the like, or parts n fa differ ent

classification.
lt shnuld benntedthat lhe lt:Vel of airoorne sound

insulalion Ihal the ....all needs to achie ve on-sue . is Ie'" lhan
tMl TC'quil'l'd fora building element teSled in the labo ratury.
The lower requireme nt for etem cm s tested on-site reflects rhe

facl lhal on.loile airbo rne so und insul3tion performance is
generally Ie" lhan laboratory tested samples J ue 10 the
pene tf3lioll of pipes, doors , alld possibly Ie:;, than exact
standard s o r workmanship, Thcrearc also " flanking sound"
consideralio lls, f lanking sounds are where noise is able to
p.ass thruugh an ciemen t via walL'floo rjunctimls, eruss walh
or servi ccpcnelrations. Th us, theen-sue tcstmg requirc menr
has ht.-.:n..et withtht'objccl i~eofen.suringthal tllc strinll:ency
of this r""lluiremenl is, as near as poss ible, equal rc that of the
laboratory I~.. tinll: requiremt.'Tlt, The d ifferential proposed
bet....unlal>oraloryandon-siteleSling standarJ~.accords with

ad~ice fi"omthe acoust ics industry. In Ihili comext it can be
noted that the USA International Building Code also has a 5­
unit con cession for on-sitetesting.

Thete rm s 10 describe the impact sn und insulalion rating of
a 111Klr when tested on-site, is the weighte d standardised
impaCl sound pressu re level (L ·. T... ) plus the spectrum

adaptation term (Cll. L·. T,.. + CI is similar to the laboratory

term Ln... + Ct (see Quanlifical ion of Floor Impact Sound

Insulation Ralingsl . For floors 1e:;led on .,;ite, the impact sou nd

insulation requircme nls are as follo....s:
L 'nr.• + C, noe more than 62 for floors separating

dwellings and for floors scparaling d...-ellings from a plant
roorn,l ift shaft, stairway, puhlie corridor, public lobby or

the like, or parts of a dilfcrcnl c1as' ification
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Th e new pre visio ns have introd uced req uirements for

d~lIing entrydoorJ; whcre lhe entrydoor adjo i nsanenc losed

co mmon area 'o\.ithin lhe bu ihling. e, g. hallwa y. and stai r....ay.

If a door assembly is located in a wall thai separates a sole­
,,,,,,,uP~lIcy unit from a stairway. public corr idor or the like.

the dn",r ave mbly must achieve a certai n leve l vf airbo rnc

sound insu lation . For a doo r asse mbly tested in the

laborntory, this le~c1 of <;(lund insulation is R" not less than

30. and f<lra door assemb ly tested on-site the level nf airbo me

sound i n> ul~ ti'lll is Dnl'." not Ie" than 25. For a doo r

asst:mbly h>t:ated in a wal l that sepa rates 2dwe llinp ,t hcdoor

assem bly m ust Illcct lherequiremcn ts pre",ribcd for the wall,

i.e. R" + C tt not less than 50 or D. l ,.. + CO" not less than 45 .

The ilC A Pe rformance Requirements for sound Insulation
prev iou sly specified that the required sotlnd insulation of

wa lls and noor s must not be co mpromi sed by the

iocorporalilm or ~l'Ietr~ti"n of a pipe or ot her se rv ice
clement f he BCA Dccmcd-ec- Sausfy !'rov isions had w me

requiremer nsto dea l wiltl pip ing. bul these l"e<lui remc ntsonly
dea lt wilhsoi l and ....'llSlcpi pcs

f he change s have exte nded the Dcemed- l<)-.-Satisfy

f'rooo isjoru; so t hall ho;ya lso e{J\'erwa t<'1supplypi~s, duet

work and storm wate r pipe'S. The level o f aco ustic

~rf,,",14Ilce tha i water supp ly pipes. duct work and storm
water pipes mus t n~l are 3.\ per lhe requ irements for "'"il and
waste pipes . Thc rcq uirements Rx s oil. ...a:we, water supp ly

pipe-; and duct wurlt apply un ly where these ele ments pass

throu gh more than 0 ne dwe lling. The requ irements for stonn
waler pipcs app ly to any pipe Ihat l'a~",S throug h a dwelling
in a Cla~~2 or 3 build ing

[)e<1 med -lo-Sa tjsfy :\l el hnds

T he Deemed-to-Satisfy Provision s in V",lume O ne of the
RCA and the accep table cons trucnon practice in Volume Two

had tahles list ing the R" for some common fo rm' of

cous tructicu. T he tables were inchidcd in the Be A to gi~e

practitioners de tails uf"'mc forms of const rucuo n that meet
the sound insulation requirement•. T he", fore pract itioners

u~ ing the prescriptiv e ( Deem ed·lo-Sal isfy) [leA
requirem ents had the opti",n of using a system listed in these

tables , or using a system thai had bccn test<-d in the laboratory

in acco rdance with thc approp na tc tc. l
In light of the changes. these tables have been updat ed to

list wall and floor syste m. which comply with the 1lI.'W

req mremeols

4, CASE STU DY

Due 10 the proposed chan ges there arc a numb<;r"f n>o:ll\od,
to detenn ine compl ialll."C with the pro posed ilCA 50und

iru;ul~l i<ln Perf" nnallt :e Requireme nts. f or eunlp1c. any one

of tbe followin g .. ·ays cou ld achie\'t: coOlplianee fur a OC\\'

apartm en t building:

O pl ion 1 - Prt' 'Crl l' liu Appm aeh - l>cemcd-lo-Sa lisf,·
Pnl\-'i,i 'ms

The lk....<'!upc r cou ld use a prescriptive approac h and
e' mlply wilh the RCA Deemed-to-Sansfy Provisions. As an

apartm "'nl build inll is lyp k ally a Class 2 building. the bu ilding
wou ld need to co mply with the sound ineulaticn provisions of
Volume One. The de~c1upcr would n..xd to install wall/floor
systems tha t achiev e the level s ""t out hd ow:

Walls betw een ara Mments 1<,,,,10.1 n,.'quire an R.. + C...not

less than 50 when test ed in the laborato ry.

Walls be tween an apa rtment and II plant roo m. lift shaft,
stairway, I'ublic I.:urr idnr. publ ic lobby or the like, or parts

ota diffc rcnt cla ssific ation would require an R,. nOI less

than 50whcn tcsled in the labora lory.

Door assemblies kxatcd in a wall between an apart ment
and a sta irway, public corri dor. public lobby or the like,
wou ld requi re an R... 1'101 less than 30 when tested in the

laboralory.

Walls between a bathroom . sanitary etlm part ment, laullLlry
or kitche n in one apart r uem, and ahabitahl ~ nKllll(o thcr
than a k.it~hen) inan adjoiningapart mt:nt'M)tJ ld ncetl l", hc

diSCtlntinoou s construction.
Floo ... bet....'I.'Cnapart rrlCntsand belw« n an llpartmcnl and

another part u f lhc l>uilding "'ou ld require a R.. + C.not
less than50and a t.... +Cl not morc than 62 . whente~tcd

in thclaoorat <lt"y.

The dc"clnpc r cou ld u'C·

"'a Wlloor systelllsthat havclll.'Cn "...,ri fi<-dbylaooratory
!I.-s1inllas ach ie, 'ing the ab""...,k:"...,ls;"r

• waW!1oor systems described in the DCA Ihal mee t the
a!xl\'C levels

Opuc n 2 - Perf orm a nce App roac h - \"er lflurhm Mt tho.h

The developer could use a performance approac h. when:
comp liance isto be checke d using the Verificalio n Method s
The Verifica tion Method s relevant ttl a C I..... 2 building an:

FV5. 1 and FV5.2. The Verification Method s require the
following

Walls between apa rtments would require a 1). '1." + C" nOI

less than 45 when tested on- site
Walls betwee n lin apa rtment and plant room. li rl shall,

sta il'\\-:t}'. public corridor. I'ublie lobby or the like, or part s
of a diffe rent classificatio n....."u ld require a DnT.", not k ss

Ihan 45 whe n tested on-s ite.
Doo r assemblies located in a wall betwee n an apartlllcnt
and a stairway, public corri dc.lI'.p ublic lobby \lr the like.

"'uu ldrequircllD' b1101 less than 25 whe n tested on-site .

Floors between apartments and bct.. u n an apartment and

anothcr pa rt of the bui lding. Wlluld requi re a D. T." + C,,

1101less tha n 45 and an L·.r... + Ct not mure than 62 ....tlCn

tc>lict!Oll-site.
There is n", Verifil'alio n Method for satis fying the

I'c rformance Requirement FP5.2l b). Th i, requ ireme nt
rt'qui n:s a wall separdling a ba throo m, sanilary eo mpan mcnl.
laund ryo.- kitchen inoneapan lIK.'TIt from a hahilahle roo m
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(other than a kitchc n) in an adjoini ng apartment 10 have
~s ist ance lo impactgcncratcd suund

The options for com pliance for walls in this situation
would be to eomply with the Deemed-to-Satisfy Provisions
(i.e . d iscontinuous C01IMructiOlt) or de velop an A lternat ive

Solution usmg one ofthe Assessmem Method s outlined in the
DCA , i.c. expert jud gemen t. com pariso n to Deemed-to­
Satisfyetc.

O ptlnn 3 - Pc r fnrrn an l·t '\ P l' r oa ch - ( :hccki ng of
Co mp lia nce
TIle cevetoper could usc a performance approac h where
eomp lianee is chec ked using

Doc umen tary Evidence as lk:~,-jbcd in A2.2 of the RCA ;

• Fxpcrt Judgcmenuor
• Com parison to Deemed -to-Satis fy Provision s,

An exam ple of Doc umen tar y Evidence wnul<!be The usc of
a wall <lrnoo r system which ha< a Cerntlcare of Acc reditation
.Il" Certific ate of Conformit y, A Cert ificate of Accreditation
is a cert ificate i-.su.'tt by a State or 'terrn oey accreditaTinn
authu rity staling That the properties and perfo rmance of a
bu ilding material. Of method ot consrrucnon or design, fulfill
spec if ic requ ireme nts uf the Be A , A Cer lific aTe of
Conformity is simila r to a Certi ficat e uf Accre ditation
however, iTcan tloly be i" ued by the AIKB

An example of Expert Judgement lVtIuld be the use or a
wall or floor syst em thaI meet s Ihe sou nd insulatio n
Perfonnanc e Requirement~ as determined hy an approp riately

qU;llificd and experienccd persn n_
An example of cnmp.l ri5on w'ith the l~mcd -t<). Satisfy

Provisions could be the use of a lest methud lha l is not
referenced by the BCA , If it is demonstrated that the test
method is suitable for the part icular app hcati oll, a Deemed-to­
Satisfy wa ll or fluor s)'s lCm cou ld be le ,t ..otf. followed by
lesllllg ofasyslemthatthc devclnperwishestousc.lfte sting
the "'0111 or floor system <hows that the sysle m is no less
resis tant to souOll than the I>ecmed- lo-Sa lisfy sysTem, il cou ld
be<k emed lhal thc sy,l em iseomparable and lhere furemeeb;
the Per forman ce Require ment

5. CONCLUSIONS
lbe ehangesTU the HeA sound rnxulatio n provisions arc

significant and will centrtbure to the MC A sound insulation
requireme nts better meeting com mun ity ex pec tanc es. The
new mcasurt:s ha\ e ge nera lly increased the k wl sof sound
insula tion, introduced irnpa(l rcq uir cnlClIlS for floors.
ex t..mdcd the scope of the requ irements for serv ices and
introduce d the op tioll of on-si te testing tu veri fy co mpliance
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ACOUSTI CS IN Til E
INTERNATIONAL YEAR OF
PHYSICS

;'lOel"ille Fletcher
Resl:'l rth SchooI Df PII,',ic.I Sci~..t"
AU~lra l i'ln roroat ioul r"i"c....ily. Canbnn 0200

Asmd.n may ~ nuy not l ........, lhe year 2005 bas been
designated by the United Nations as the Internati onal YeM u(

I'h)'Sics. Although tho:presmI i.~ of A' 'QU. /ia Au:<troIiQ is
nominally that for [),:ccmbcr 2(1).1. lOIN of )'OU will 001 be

reading thcsc ....o rds until January 2005. o;o jt is appropriale 10
ren<:l:t britfly upon lhc ml<: of OllXJUSlic5 in lhe hisrory of~

fi rst, howC\ll:r. k t me: remind you of ...hy there: is
somcthinJo:~l lbouI lhe )nr200S in rdalion tophysics. lt

. 11retares ro someone ...no is today rcpn1ed as probably !he

most famous physicist of all time . Alben Einst ein. In 1905 be

was ....ning a.~ a patent eU lllIner In !.hePatenls OfflCCin
Zurich . S...i17erland. II f'Ol'llI00 tha t he apparently enjoyed,
all hough he was ult imately 10 becoree a Uni\'l'T<il)' Professor .

In the ~ lime al10wN from his work he carried OUI

cxJ"'li ment .wdl:viKd lheorie1 inphysics, and inl905 hc
published th~ papers lhal R'\olU1 ioni..oolhe subjed .

The first . and lells! qootcd of thc-sc, " as an ex pl;:malion of
Brownian mot ion. the ji ltmng hcha\';our o f liny pan icles
'>I1spended in liq uid wilen they an: obse rved willi a

micro s.cope. This he uuerpreeedin term~ nflhe rand..m impact
of molec ules in lhe surrou nd ing liquid. and frum this lie
devised a lheory to el plain diffusion at a mcjecularlcvel.

"Jbc, ~~'I" nd """dslli s cxplanat;on of !he photocle\:nic ctrct'l,

in ....'lIieli elec trons arc cmm cd from a so lid under the influence

" f light. for ....hich hc ....as a....ard ed the Nobel Pn ze in 1921.
Why ....," lh isi\(l imJlOflanl~ Wc ll,iTshowcd tM llight ,\\ hich

was well known at The time to he an etectroma gnctic "lave,
behaved also as a stream of pa rticles, muc h as New ton had

Thought two hundred ~al"S befo re. Einste in thus shed new
Hgbton Planck 's equalion E- Iw for the cnergy E"f " oe of

these part icles. later ca lled a photon , whe re h is Planck's

constant and v is the frequ ency of the light involved. This

" ur k pawd the way for the late r developm en t of modern
quantum mechanics by Schrcdingc r. Heisenberg and I{<,hr.

The third pap cr Pllt forward Eins tein's mo,t celebra ted

work, the theor y uf Special RelativiTy, and introduc ed the

equa tion E"mL~, which is ce rtainly the most famou s equauon
in modern physics. T his eq ualion relates the energy E
co ntai ned in a part icle to its mass m and the spee d of light c.

It shows ultimately that. by sacrificing a very , mall amo unt of

mass , an imm ense amo unt of cne rgy can be release d. This led
in dUef;(lUp;e to un undcrs tand inj!of tlKSun'sellCrgya lldto

the ocwl..,pment o f nuclea r reactors and the atomk ho"mb.

Acous tics Austral ia

So what doc s acou stics have to do with ull ofihis, apart
from the fact that Elnstcin playe d the violin? At f ir5l sigh t one
might be inclin ed to say " Nothing!" But perhaps we have to
look back much furt her in The history of physic s to find the
connC(1ion, and this is what I w ill try to do here. I know of
three exeelkn Tboo ks ..,ntheh;sTury of ocO\lStics, byR. iJmee
Lindsay ( I). Frede rick V Hunt [2). and Robert T, RcyC'r13]
respectively. I have consuhcd thc~ Fr."'lucnt ly in writi ng lh i s

short piece and I leave you to cbcc k lhc-<cfor fun hcr <ktails on
what I have writtcn. Thcywillv.o:I1 repay YOt1ran~nliun

IN THE BEGINNI:\G ••,
Physics as we kl"l<:M' it today ean I'mhahly be regarded as
bcginning withlhe Gn:·ck phil~Py1hagora.~ inaboot('i()O

Be. Certatnty tbcrc "''CI"C many 'M:ll -dl....dopcd techno.>I01;ical
aetivi ties such as rneu llwuandareh,tcc turc hcforcThaTlimc ,
but Pydlagoras " '35 onc of ltlC fir;t 10 anempl TO quan li fy
beha\iour in nwnerical tcnns. He wasparti<;ular ly fasci nated
with small prime nurnbl.'T'$suctI as 2 and 3, and fell that much
of the uaiverse co uld be exp lained in num erica l tCTTllS.
Accord ing to lCJ!cod. ullC n:asoo fur this fascinat ion w;L~ his
ooser...a tioo that mus ical interval s wch u thc octa v.: andthc
fifth corrcspor>dcd to divtd ing thc 1o."t1g1hof . stri ng in simpk
rd.lius 1iUCh as2: I ( r.... thc octl ve)and J:2(forthcfifth).Tho:sc
hou prilTlC!on.-maiocd thc ba..h of mllsiclll tuoings for nearly a
thousand years, and it was 001 unIilthctimc ofthc M.....lim
philowpher Al Farabi or ....lplw abilrS(ca. 87()--9SO....Djthat !bc
third prime 5,,~ introduced and moodc!he mu, ical major and
millOJ third~ {5 :4and 6:5 )~nLTl>e..c ioten"llls \l.ere

regarded as disoords in Pythagorea n tun ings , !oince their ratius
"''C"re 8 1:64 and J2:21 m.pcctivcly and thus far frorn simp lc.
!\lodem ears. of OOUI">C. ha\'C" bcoomc toIen.u t of disoDrds
because of the use of eq ual tctnJ'l"!"lmcnl. in wllich no ir nerv.. ls
UcqJt the octa\e have a simple frequc ncy ratio and everyt hing
is based upon 2"'. \-llisical aoou."' ics "'1a».... ju.. t cnnccrn ed
wilh tooings . I>owc\'Cf,and as carly as the l}th Ccntury Safi al.
Din pnxluccd a good qualitativo:dcso;ripulln " r r.".,., aocc in thc
tubesof ,, 'iOOinsuu mcnl\ in term s {IfthereflcetlOf1 of pulses of

Music, in ancicnt nmes. was alsoteken to he the basis of
astron omy, or at least of the arrangemesu " fthe planc ts in l!lc
solar s~tcm . The "Me sic of the Sphel\.~- , endrd lu domin aTe
ancien t asltunomi cal thinking and, whil e it p -cdto he a false
analogy, it did at least Sl'T\-"C to bring M.n rt of orde r into

what wa s otherwise a com pletely inexp licable Jy~t em

Mus i c. thc ll ndcrly ing thcrnc "faeo""tI~.... \\·~ a l,.., c1o,e Tu

the basis of medi eval education, which "' :1S tradition ally
divided into two parts. The more hasie discipline. Grammar,
Rhetori c and Logic constituted the Ir i vium ( fro m which is

der ived our word "t rivial") , for without knowledge nf thc>c"" .
one could express themselves effectiv ely and be consid ered
educated. Above the tr ivium cume the q"'ldri"ium, consisti ng
of Arithme tic, Ge..,m(1ry, Music and ASlronomy, fo r these lour
~ubjecTs were lhose upon whic h ~omcthing intell ectua lly
usefu l m ight be sa id

One ofthc most widely known early observations in the
sc ience of acous tic s and vibra tion was tha t of Ga liko
(1564-1642). who inlnKiucl....t the DMJ<lcm eonccp l uf frequer,,:y

Vol. 32 December (2004) No.3 · 117



amI ul>scrvC'll du ring a long and boring n:lillious cfT\'nlony, lhul
the: i""riud of a pendulum is ioo..'J'l"I"Ilenl of its amplitt><k.
(j alileo is, ufCt lUrsc. best koown for his aslJt 'nomica l theories,
bul in lhe prt."SCnt ~'OI1te~ 1 itis l'\'b1U1I IoI'llJl~ lhat he al so -had

a modest sk ill on the I01e- . I n;tu m 10 Ihi'l oboonv.t>on Iatel.
Anod>\'rimport;mJ:f;()Qtributorlo~icalk_·Iedg.: a1aboot

thi'lrirrc .. lIt Marin~(l '"-IMll ). ..oowmkSt:\~
bonb <'lll rile~131"ld -.sal..,. _JI-~ll~
..tlI.>'I\'....ns:ll'\'$li.llbardtoday. Aroon, nuny othcr tJmp.
~nuokSftl\i-quanllwMmcasumncnbofthcop:\'doflOlllld.

.nvtllll;l( the nluc of "". m'f" ..-hieh il pl'\'tIy good
a""'*ring t~~t illJlPU3l.. ,..,..bbl\'.tlh.:"mc:
I~ New...", I\."l\nW:d 10 tbi$ problem from a 1hC'on.1iQl
JlCl"J'Mivt' abouia hundR'd)'\'aB 13IeI"

AJdtitcd tnl iICOUloIics, of COInC, also Jw a vel)" long
h~,albcito{ar.otherqualllativt' butprKfJcal kinds...n:ca

(4HC-65A D)posalqllt.'>tionsaboutthe clf«tofa])sorbenlSll'fi'
pJaco:dontbc ftoor ..'hm:an~~pWy1l\g. .. t\l Ic Vitnn 1U5
(ca.. lSRCl .. Ibo.lUl the !omlI; tIme' raised questlOllS about

m"ci>cr3tion.Withuut . Wubt. bcM-evcr. theampltilhealm;bo.u ~

in Roman l inn aaJ !h:'~ bllIi rtC;Irfy II........uno.l~.."

lal\'l'oo !la\"\' >n) ' .rnpr; ....\"IL·O ...I.. cal prop.'" 'co, Ry lht 17th
~~lury, ardll lrc li had a t oad undc:-nrandmg of soond
f'I"I,!",,~alion and reflection. a~ indiC<lled by lite archuccnral
drawings of Alhanasius Kircher in ahoUl 1650

~IOl)l:m.s TIM ES
A~O\lstio.:a l knowkd g.: developed stead ily from the lime of
:-.k"W\on (16042- 1727) in a prclede to modem limes . Amung II>\'
fa"""" lI\illhcm alicians al'lllphys;";isls ...OOpublished bo<>lr.s
and paJ":nonlOO\lSlicsc;mbc~F.u lcr, LagJ3nge.

PI>Mon, Lapbl%. Whea~. Far-~ and Ohm . Iktai~ of
.orne of their cootribul:i0n5can be found in the oomribrion by
R.B. Lind'Iay [II- AB of them. ofcoone: . al~ COIltn bul.'ll
immc:mcly lOoth..'1""'¥does ofTlU1ho:m3tics;and~

Modem hmes in~hI;M~-..:f, bo:gID Wllh f1<:rT1WW1
von Hc lmholu ( 112 1- 11194 ) and John .....illi;am Sln,"

( 11l42-1919). \;ater 10 be Lcrd Raykigh. The: m.r-sel)
innuenl ialbool< sttul lhcyp..tbhshcd ood>\'sub)C'CI (4.jjllre
§till~ bJay Rodl-.:n: IIOIabic§cicrll i~h - R.lI~lc it:h

IS Prof....._ 0{ ~Ji,;" .. Cam~~ and f1d mhullz 1'1

rrofC''Uo r of P!lr l ioolor ,n I SUn<:5S;"", of n''I1llan
uni\-en ilies , and Illm t~ liN Dim.-tor or ..w illklW lbc PTA
(Ihe I'hyslkahsc h TC'\;hnisebc Bundo:sanstalt). tbe prroti.:T
ll-0'.-.:mmcnl physics \J.bor . tory of Germany. Rayleigh.. in
parncular, ..:'l 00wn math..'tll3.tical VCI'!Iiom of tbe tbcory of
;tCOUstics whkll. in thai they descri bed .... "" of man y t) JlC5

and inc luJed di~Jl"1"'Sioo phenomena and varialion3ll pril1l;iples,
later rro"'i<kd much of the malhemali cal busi, of quan tum

mc~han ics (Ihon llh he did nol, of cou~. foresee thc
Schriid ingcrequatinn! ).

A further notable adva nce in acou stics loul place in Ihe
laIc 191h century ...ilh Ihcde\'C'!opm ent of mechanic al . "J
then etectromc method s for recor ding, ana lysi ng, and
d~~lrihot ini ..,. mol II is inl~resti nll lo note in this con nection
lhal Edi.on haJ a strong interest in a.:ooslk s and was made
the lint tloo urary Fellow of II>\' Aroust if. 1 Socicry of
America in 19211, \n.s tIwt I year ..nn ib (Ol.ftd;rt iort . No
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other Honorary Fellow wa ~ appoinled for anot her ten yea~

As in nlusi brand'iesof scic",,:c . thc twentie th ccntury !lw
huge advan~" in physics gene rally, and these tend to
OYCTshado..... tbe advanc<'s mad.: in a<:ou stics . Bur think where
...e ...'OOldl>c ilhoorl ltt.:..;c:am-anccs.I'oslcn'UJ'bo nic'lOOnd,
or C\ 'l'Il high q lity ....m.l n:prod uclion .II ..II, Nu music CD5
or ~ LP", No brtMdc.io>l concerts m Podio or TV I'rlo
ckrtron;,,; musical instru m.:nl1. No ullrasound med ical
5C.1On1lll. Certainly li fe .....Jd still go on. bot it v.oWd be

mudt ..... ridlin ~npcricncc.

:\IUSI C A l'i l) UFE
Finally.ldmeCOllU\'lCrJlbneflYUJIOIItbcn: la.t;omJtipttet...ffn
musicandthe inlellct:twl li.'Oof:oomc:oftbcglt'.1Ip1ty5icisu.
.:mdeven oflbc ordinary physici'ob oflOday . I ha\..: all'\'ady
men lioned thaI Mel'5C1ll"lC playnl the lute and Ein>lcin pl~'nI

the viohn. How 1IIlUI) ' (lilher famous scic1lli"'s "'en: al,..,
co mpere nl pcrfonnin~ mlb icWis I do nol 1""(...... bot an
~ItOllofthcconncctionbelw!:CTtphy~iC5 ..nd mus ic in
ron lrntpocary..xit..'ty isill\01l,naIing . I ha..-e my~lf pl.1)"Cd in

perha ps half I do.lcn amalCW" ordJe,;t ras in AIIlI."Iica and
Austr alia, and I ha. '," "'-' 'cntly madea practice of diSCV\lering
the ed ucat ional and OoXupuhon al bac ).gl'\lunds of the more
l.·'>mpCTenlplaycrs in thescgroul"'. On titling lh..."c f\'\\o...IK' Mr<:
retired rrofc,, ~i ona l musicians, I f ind lliat, some....hal
, urpri, ingly. lhc .....-erw helming majorily of thesc pJay..."",hll\'C
a ba~ kll...,und in mathematic s, physics or engin......ring and a
smalk'T numhc:ri n ntltc:r bran( hes ofscicllo;<: ; very f..... have s
bac lground inthe humanities or SO( ial sc i~'tlces. 115\.'c nl:'llha t
~'Om~tence in tbe acwal performance of music is cl.......ly
related to ahility in the' phY'ka l 'Sciences. ...hile those whnooc:
inlCl'l:Stis in the bu.....nilieu re scnera llycont.:nl 10wn le about
and di..."USS \1>\'~ wilhout ha\ 'ing much pno.'1"lQl abilll~

thcmsd~'O . I put this hypo.J1ho:\il l'orward tia fruitfullhc:me for
a~bIc f'hI)"'""iftP')'t"hoIogy!

LcIrnl:rrtumlhc'n k'l'\'IUlemyori~inalrheroc. lbclicvc

thalthcn: has aho~'1b«na close l ink~~ici.

p;articubrly in il. IIl<"lIII'\'fined , .... as rnusK:.and deep and

original thinkinginmalhernalicsand thc~al~

The A\L<,tnlil o Il1.'Ol ilule nf Ph)., ic's is ho Jdini/ .I specia l
Cong~ inr.nherTafr<>lTl January)l toFebruary 4, 2005.

and oo r SocielY i'l nrpnising Iwo sp«ial ~sions 01\

AC'OIl " ics and Music . l.et u ~ jo in in ce lebrat ing IhlS
Inlcma tlO1UlI \ t-u of Plt)sics in the mo..kdge tIw thil aliO
mak es it the: InlCTlUlion.al Ye;tr of Acou;,I;($

REI' F:RE1"lt'ES
I it .D. Lin6>.ly (Ed.) ,(et*< ,,,,, lfi<t<>riroI,,""NliI_ orJt>< ..1

D<~d0f'_lIf Ilk-den, llur. hillSOfl and ROM, Strwd .... . "
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Com plil c r Sp"ec h. Kl'C<' lI:n iliun.
Ce m presston, ~, n l h..s is
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M:mfred RSc~.

Springtt-Vcrlag. lkrl in. 2004. 31S J'I'>(hard
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"P['f"~

C"mput",~h con <i ';l., ,,f cl..,'cn~ tu.ptc ,,, .

two appe ndices; toget hcr with a li, t of
", rerenccs.genral reading. sclc'Cted jou,nals.
. l'I<1 n """,plc of' igoificaot ,;ocicticsand
confcrenc"•. T"l'i ~s CO\lcn:d by the bo."l
indudean int rod llCt i on and h is.or)'of ,~h

(.ch. ptc. each), spe,,<:h ~oit ioa ~nd

speake. idenM ica tion (a . iogle \tu.['l n!).
' l'l'«, h di.l~uc .ystems. •p.....:h
con,p.c.sion.s~h.}nthcsi,.s"''ech

production, .he .peechs;gn.I , hcarinl,
hinau,,"' hean ng (. "'p"" 'c . harIC' h'
hellring)••ndbuioc .ig""l ,~ n...

~ndlc"" inclU<ka diS<;\l5.l,IOfI .. r""""l u.. .-t
......Jelling ~nd the relation. lu l' bet_ hoar
predi<:1i"" ....", tTic;entsond .hf c"l" ,,,,,,,, n ,.
wouh o"tingthalthi, i' thc 2nd C'd' l;"" " f
"Co ml'ute. Speec h" h... inC rlrA b.:-en
pubh. hC'd in lQ99, It dift"" fnan Ibo lrol'
cdili"nby lhe inclusioo Qr lhe JO-p••ge
chaple. on speech dialogue system, and
na1U",l lan~ l1a~e proc""s;ng.

Sch"", dcr h.., . unique styk .halm anircsts in
• l' UIIl"'" of w.y • . Fi" lly. the chapter
'tru<:IU", i,'luitc unu.....1. In rnosl boob,
chAp!erswch • • ThcSptt<: hSign al:md Bal.ic
Sign.IConcCf" swouklhcfoundcarly;
pcrlla!" . .. . ight anI" an introduClion ­
providing bulh a building·b lock artd
haclgtnlltld f\lf Ihci. discU.$l;;.,n as parl 01'
'''''''81\111011. idcntir ica ti" n, o. synlhes i.
,ysl"m ,. Here they a.e found as chapt""
dg ht and "k.......,n of an cl"ve!l chaptcrt"", k
Si",i la. ly.tnpics are gi"en en,pha. i.' in
di, p.""" rtion 10 Ihei. prominence in the
lile '" SJ-,. ...,h Kecngnni,," and SI"",h 'T
l<J"nu r "t" ' rc ll1\lUped logclhcr ilSa , ingle
2~", d"'f'lc• • if Yll\l anendcd . t)'p ical
spcnh conf. ' cot e you "",""Id find "•.-.,..hal f
of . ll f"P""' I"" ",nl«!""",ldhe:i l\ lhcsern"
orr .. COl\lnKly. heann ll is given "',,0
chaprers. 'hc ""'..or>dtl<:ingoo hlnaur.rl
hcaring. Sc.:ondIy. S<:hrocder '!lf'l'.1"<' i.quite
disti"" l;"" ; incILod,ng a num!H:ror""ccdol..-s
and p<nnftal refcrn><;e•. Thi, ;' in mari<ed
contr:lSf lhou¥h t,, ' hc stmng malhematical
suulf"und inafcw"fthech'lJ!tcN and lhc
appcnd,ce;whcref".m"lacarc thc n"rm

In all the book Sl..,d, ... a uniq"c rcn""tiuno f
the ""rl< and pcrspttti"" <If an important
S(l<.,.-'ch """'lrche. active during the 10;1 half

cnltury and pan ieularly in lhcully .........lnal
yconof <:ofl1J'UlC" ' r-cb I"f'1'XUl,,*.l'hoos..
n:odcnscd:.~ . "Y1.""""'- i......wetio n 'o
~prott:>"'lllby Wll'('UtC1 morOerKl

romcu plo!<pCCd .. ' ith thc ..-..l ing ed~. w ill bc

d""l'poioo:d \\/t"" you will find ... link h'
lboearlicrday.or computcr.--p<:co.:hfnCarch
aodan ""I""tie mix wilh .. ide """Ilmg..:opc
tM. can bc quite 11><>Ughl pl'O'o·"k ing

Sl' ike H" rl" ...

Or Mi" had (Spike) Burl" ... is (f .•"ni"r
f"clarer (fnd director ,,/ .1... Vir,,,,.1
[n ,'i,,,,. ment . & S;",u lat; oll L<zht>rul<lr:v

K'irhin Ihe .'ehool "j !TEE. UNSW(It-10 1;t
(l '" i... " fry '!( NSIl; A... m,I,,,,, O<'/eN:t ro....
Aw J, ·",..-). ~!r ihl • ...."J.n! in <"""'1"' 1('1'
.".,"'·Io.. ......./ \lJt$ ' .....-I"J' .K."''t't:JoS) '' fI...,,~
Sf"'nl.C' "...,.'Zn" i<><r...""~~J..ry
..._'''~'''' •.• ,......,. .........".. ..J,"¥ S}~/t'II1'.

I><>lhi"A"'/1.. /;aamiJupa"

u nloj:lca l P5~'ch o3cou" i Ci

John(iNeullolT(cditor)

f.l"",,'cr Academic Pre"' , California, 2tHIJ,
350 1'1' tha.d c......."r). ISUN O- 12 ·S IS ~S I·J .

Dist. i!:>t" '" Elsevier Au, na lia. Td l HOO
263~Sl . .c rvk C'Yi-c l>evier.conl.8u Pnce
A$1I7 appro,

His is a well-intentioned, and ce rtain ly
.imd y. fOllly into some rcl"li"ely unctu.rlC'd
'errilo' Y. namely. $<lund and hea. ing
ullde"1<K-...l "" intcgral 10 the 'truc turcs:md
"n l/.0inl/. C\lrrctlb of II><: """iro nment and
&ctivi.ie .within it . H ere . re ,,, I""ble
chaplcnloo dynamic and inlcrscnso'Y ","enls,
and. with ... me nccphons. the mIX of
thc<>rct'ca l .ndcmpirical p" .."' nlalion is ....,I1­
hobn ........

An ""ol"tlk~1 "f'I'".....-h 10sooDdaDd hea. ing
is la'l.",ly in.p iredhythc radical thcorising o l
James (i ih....'n. who'" wori<,"eluded a li"" ly
h·""' ,nenT n f lh" au~ ilory w"r1d and an ima ls '

" rienlntions WilhLl\ it (Gihstm. 1966). One ...
""" c<>ntnh,,""" h" r.e f""'S""t volnme n"te
thatthc l:.e3t hulk of (j ib.on's elfun w,,-,
urielllcd lo Giving.ccountso f thc l'l'rc"l"ion
of t1><>vi.ihl,,"""ld l'an of an cxpla"" uon
r",wu may lie in ' hc fact 'ha t Gibson w""
I'rofoundly hcann l1tm('l;t1ml (G;!>.on. 1% 71.
M'"'' the visible v.urld probJhly '0"1. . ...
moreofhi.'imc.NQI1"thcless , hcc~C'd

many . illnifi.,. n, i..ue. n"•.-<l"' g If,. he:
add.........d in .n """lo¥kaJ aPrtof<,·~ II;> __...
and lrcarinjJ, . nd . g rcat dcal of thc lileMu'.
revie-d in thc present b<><:>k shows th. t a
11If~e .all~e of ,ub",,~ u.,," •• ""archers have
Iaken ul' tne Challenge, " i"cn my own
predilecti" n. , I would "" _e ,,'eleumcd a
"""Ii" " " n ,h<'au<l110'y "col"gy con.i dcrcd in
.ela tion ." i"' I"l rcd hea. ing homething
Gibson .h unll,xl)

Them aju" ty of the ....."'t nh<.lion'lOt hi'hook
serve well thc au"" of laking a =I-world

"I'I'fO"Chtothe.tudyo f..,.......ndhe aring. 1
found pan ieularl)' eff..-et;"" lhe chaptCT5 on
dynamic locali ' a lion, de.....lopmcnta l
p. ychoacuustics. perceiving artlcu lato.y
~nlS.l'l'rccplUal i n lemclions, a ndeo:ol"itlca l

Ireatmcnl' " I' pilCh and loudn•• •. t "s.
•• l;sf.ct ory. andunfortunatcly, wt:.e thc fi.. t
tv.", chapters. The wrillng quality w"" not
gOC<!,and .. ""' tion. ctc,i gtK'd to invllelhe
"' ad"" into a rclativ~ ly novel cooceptlllli and
ct1lpiri~al world might actually ....rve to put

(l<.'op lc ofT.

"art of thc problem in chap...... thal .rck. .
c" ml"' " ing is that alllllo", a", 'rying ...
""oIoF.ical c101hing "'M ,,, hopins Klremain in
• di ff~....,n' camp. This .ukt co<>cepluai
coofusion, and '...-hile 1 am nul a "ugmati~

r"II""""ofthe Giltsonianh ...... olleo f ib lr"'at

;;= :~:~N:'~':hi%cc<Jr",eplual cla. ity

Thi. book. de.p ile it. uo""" nne, •• i. a
wolccme addi!ion to the Ii'eratu.e on sUlind
. lId hearing from all ......o logica( pe"pectiv"
Iti, indi,putablc that , ucb anappN;K'hi$.
rrc"'>M)'to<ldi,K.n tothestudyofl oo"ory
!,<,rcept""' . \\ ,'!K>ut a'l.ongunderstanding
or ho:Jw ....mdho:ha\", in ","",ryday """ . nd
"' 11>1CfCr. bdo.a.~ in relation II.>i 1ll:

"' pletf ~ ... ionof lhi. founda'ionll
i y>;lem and its links to ", he. pereeptual
syslern5 i, unn:achable. Thi.hool.will ,.,.....,..,
for no liltlc tirnc inlo lhe:futurc .......luable
>OIlrcco r", rm:""".ndid"".fo••n " nlargmg
rlCldofi"'l"iry,

o *""-- J. J t l_~ ~ .....,,~ " . .. .oJ.-<n/ ,,,
~J......... Il<>ol<oI· Ik>us"""'-M(m.

U,b",n. J J. ( 1%7). Jam., J Gil>;on. tn Ii. ()
U<>tin, .L G. U noLtey ( f.~.). .l ~i,~ '"

1" ..-W~"'''~''''''' t\b1 j .l'J' ' 2~1 ~ 1,

N.", Ynr\. ~

TIr~""'''''',''' i.P~v/I.... ",./ '''It'' ..' IM
Un;"~tJff1·"{ Sor; E"J:J..",,. lIu ,.." "", "' ''
,"'ht o ,.-w of lfWl...f /oru."'JI omJ lo....r;ng
di.•ubiJi".-s ,,,'h "..1Iu;~Ji1' ""'Phaj;, o n
1",,,,,,,,,lhnJr irrx
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Win" rr - Or Chris Flefd for
' S ilr nt eair '

Thi laward aims at fO'<lo,.." n(l. ." d .......·...d ing
e,c e IlCllcc in acOUSl ic••rwlcnt.i.,arc
judgctl on dcmOnSlrll ''\i ;nnon li" n fnom
wi'hi n any f icld "f ac<"OI'ti, ..
1>r ("hri,Fic1d is lhe !l.llH ...inncr of lhe

b':el lcncc in Acou<l" . AIII.,,, d, fnr hi.
'Silrnceair - Na(ural \ ....ub.l ~'" and Noj""
R~I;oofo,- Buildl np' J""l«l.Thcproj­

«l in,.. I,"<i Iho: tJt,v~ llf Siknteair,

""'ich i, a f= h air \ >:nll bl .... lhat al'"
rcduce, ""i>e inlru.. "" inlo bUllding.
Silomcc.i ruoes palcnl<d pao... . c lochno logy

lu .' ;gn,fi, antly rWucc lhc tra"" n i.. ion of
.., Wld lhrough buildi ng \'c nlilol ,nn open·
ings. Eoch unil has an .1erodyn3tnically
;.h"p"'d vent ila.;"" O(l<-.., ; n~ . " d incor porates
........ of mbel of dilf=nl Ic"grh. , known as
rrstIN'OI'S . .. '!JichaK"f'C"' i(ica llylU nedlo
caplUfC ~.,n"",u>d~if.< thal are

Ihcn d,rru><:daod Kal"'redilladi~i""

away froml he in" .s.:of lhe building, whi!st
all"",'ing .i r to n,,,,, in, The uniquecom bi­
nati01l n( ", ma ny """",a tn", in • singular

un,t"'I""SC'''' the 'n\'cnti, e ' tcpof thc
J",i gn to reJ uu noise ov.' a widera ngc o f
frequencies, Silencu i, ,,anbe e"' ;!y itlle_
~ ...ted into DOlh ,,~ i.tin£ ,....11. II " ...11as
pcw con.m>o:lI""<, h i modular des illn
"""JII~ 1halilClinbeus.ro;n multiplcunits Of

sinllularly .nd c"" be cu, torni...'d 10 ""il ,-- = "",__

r~~~:~·~~~:~:~n=; I
J1na li st ~ f)cp a rlme nl ufTra n'port

.",1 RCJ,:lon al SCl"\'!ccs A ui tr a lilirl

Cn'ern men l fllr 'lntro<!n"; n l\ I
T f1In' pa fTnc)' Jnlo Airc raft :'l;n iw
A~,m..nt and Rcp..r1lnl:'

lh:learnfrornDepan..."nl ofT ,an'f'O'1. nd

Regi<tll. 1 Sc,vice. included Da,id I~~~~::2:~~
Soolhga1•. Jon.. hon Finh. Nick Fi..... , . nd i=::
lJonn .Peren, Thc npe ning of !he "",,' run­
way :ll Sydney Airpon in 199 4 I.d 1" tbe

~Au~r;;~;a~Y'I~~i';orn~::"':nu~:, .I~~;:i~:~ --::::=-',-,..".~.,....,,,.
au. ck, In " <pOrI,", the o" partment ha' :
'omI'k.,.j with airports and thei' "" ", nlunl1ies ~

111dt\., 1op new w;rysof"""',ibing ai~c..aft i
no,,",Ihat alklW tbe layJ'CfWP 10 il",n on .
inlllili""pi<tureofai,c ra llrooi o.:nl"""urc
plIllern. , It 110ft", . .. packaWe TM P t
n 'ran.'f'4'\'n ' Noi.. 1"lormation racl...o~)

h. , htt n develol'ed andh. s bn>kcn ncw
ll", und by n. use,intcrfacco" J il.ability IO !

:y.~:~~~~~~:~_}:~:2:~~n~;~iS L
.,.einnovalion.'l lhoc h3vcbftnpoclcdup
inlcnll llOnaHy,



AAS~

Tht C""""d of~ s.x Itl)' mdlhneloll1ft

duri"ll2004; in Juae \'\I I ICItphonebookllJ'l
aOOl...itt d"""lllhcoonr~ alIbeOuld

Coaot. Al !he Iaa ......un, Neil e......, lO'"
appointed Preside'nl alld t..:.... M,k! Vee ­
Prn>dnI I ByronM.lrtJn.T~lokM,nn

u>dOavid Wll ki... aftcont,.... inJl inlhc
""",ion> of T..,....~,.. R~'I""" ..t O.:ll<QI
S«mzy. The (.d... C""",II1on _(.... m
Don. .....nn BroDe1', I.. HIIl"" k . Coli "
~I'fln T~andA""Ouncan.

~isa5UmmU)'p(_oflhckcy

. -lu lKn . 1bo C......: i1has.._ofib
_ "..-l rd ........ fundllt£lromIhcOrYt-.
Thisakeslhe fOl11l of .. k\-y 011 mnnbmhip
oub.<:ril'li<-,conf...-;cl'C'gioltlliomand
lhc_hcld into.l ...........lJof1loe
DMsions. Fn""dtIS~COUTlC1I~

u... tosIlofNnll;"Ifhe~-"o.i~•
..,bKnpll"'" for orpntDUOIl we b ... 1­
JSCE. leA aDdFASTS.~ o.pmxs.
Educ..tior!Grant, .udi tfen._iap,..u:
TIIi. }~ar C""",,;l to... ad a .......Y on
r1lmlber.llipoubKT1pOOnoor7~'akvyo(

S%(lIIo..-.-ca<tl.swtshrldatlhc mdo(
Ihe firw><;ial)'Car andakvyODIhc~

\nl fcrmo;r of IS% of ~",..tio.>n fen. A
~"P'" "r ,"" So...;c')' fi nancial RqM1 and

Accow"" nil "'"' ~i",~ .m
......,.,iIC(IO>Il><. ..... ..

M...m""'" llip . Mrnll.......llp ofd .. Society

bas;....~..lC'dlklri"tl d"")'I'ilf""'thcn! Af.
Il illm:lll)' KOIl. ,icimJwbodoll<llbnun31<>
I~Soo;icfy_ Mcmhml ......'U:<!.o.II<......gt

,heit'~oIka&"<'S to join lilt S.,o;irty. Tho1t'ha._
bcen a fall ,n lhc:nombcrofS...wn,nJ

rncmben ovn.he 101>1 """ rnn

. eU j'ruf u wr Gr unJc ('l a rk Iw

~ r<kdI"" gradc:"f~.I1""". I'n.f.........
n..n:. l.u~a'e I'1'ofe...... Emc"tw '" the
Vllivcnl1y of Mel l><>urrIC. Pmt~-.. G" .., .,,,
("L..1<. i. k""·...." "ruu",J lhe ..." rk lnt h..

P"'1IIX" "8 f'l:"':u..,h{>\'cr l hc ra" I ~ lrty YO"'"
;"<kv cl<>JIn..,nt" fthc mulll.,;h.1luld C<lC~ I.., ar

implln t. llI'IW k"""," ... thclliooi, h r, Tbi.
impl. ", . 11"",. profoundly ",".f ~hild""" "",J
"" ull' 10 " mv"",, ~n"fi,knl ly. "'~ on ly in

1'<""'"hu' '''''''' " n th" ' '' lqI hone. • nd leadl
the 'ld in techoo loa;ylUld..I.... S<>metcn.
"r ll """" IIh" r iml'l..,,' . ... ..., IlI'IW !><'nI maJc
. ",J ~..,~ !>rouSh' ,mmen..., l" e ' '' 8'' ' n
Au,tnli"" ~1C.nd mcd",.I .., ......~.nd
10 Au.""li.., mdu.. ry .b-oull'h Inc ro m......y

C""h ...... P-L "">1"..-..0.'"hu tc«rvcd
many prat igiuut. FcIIc....,.lJil" and A",.m.

and n ilu"""""rlOrrhcSo<:'"Y ln "" '"

1O _ 1um_'our f"".......

[duU IJ" .(; nnl - Tbc granl _ inilial.:d
i" 2002 ." ...i. 1 ,n I"" le~hin,.nd

promolionolKOllA...... ThcblualoonG..,,'"
"" lIhctonllnucd.ndioopcnlO.1I)'lM
_ king fundllo . or.i<lin the teaChing.",J
pro!Nlf"",ofl«1U.n.:.. . Thc gran1un he
lIICd forKboIarUipo. fundlOgfOrrnc=h
pl'UJedl,"'I"tpmmtlOrcduationalJlU'1"'.*'1
and ""yOlbcr......m.....ilc ....,

O"" ....-ardin;:oo.l ..ulOklt' Wolfcfrom
U1.;SW ....... l'C'pOI'tltIYIlhcgranl ofSJ'OOO
10''''' ArousIta/llOllJ''' UNSW .... t....-l1O
Iw:\fIllfluplhc_i"l n/lu PhDa"'"
"''''n~UnnaIlA~inm&i''''''"''a.
John~a1o<l. ~;"'IinIhd#.lIe iI..di.....,.
cdu<..ooa .. udcd. ..... tIleJ.lU' a1~lhc

puKhaoeofcornpllflC11bb.ngto_

componc1OlI ....... inlhc<XlmllU<l""'''f.
~ lhcmedta"'~JII'l'J'CTtinof"'"

,noc"' , •• viOtio_ "'/1"" durinl
,,,,,~iotI.,an.lthcerrCCl<>Oth.ne

proratin"f ........ ofrhc~ltIlIdcby
maken 10 fm,o.hcd nmrumcntI. Some of

Jol'loI .. ".dio""rhcg......,\-t>..i"' ..
....... n!M,yn"" c4.. au

Tbc other 2004 _anlce " .. Nicole
K",",,"""lllc>u frvrn UNSIlo'. A.......... """'" II
PhD .. lI<IcnlS;ntho:s..iIooIof ~l«huK:allnd
M_flClW1~hl1mccring inthrflCld of

dynamlaaDd a<:oU>fico.Ihc Hcad of So:hooI
(llamnur "achm1ickldonalcd$200 .. tha
$2.200 ".". .....-a ilabl~_ beh S1..Jcn1 m;eMd
$200 in ,ash .nd fl'<'C AAS >ludent
mcmhnvnp f.... one)'C3l" . Thc a...ardI """'"
~at lhcSo:hool\_ualprizcllivi"i

~ by " en Mikl. P=i<knl of AAS
Tbc = ;p;ento and thr il l'f"'.i«tlilles ..........c

G""fTrey LIKU -The Ilclan"", h;p of
r ..._"",i""i,.. FJ'I'UI" in Il e~' Ad " OO/f.,.....' ial•
10 Vchicle Noise

1I1m;d;i ~ ndr> • DIfferent ia l Diagnos i, of
SJlllIl ~,. Cra. :ks ill lilt UnT r oolh hil er
Il,,¥ion

A~~c Shen Adapt,v e Dc!;ign and
AdJu" mcnl ufLow Noi... (;cam.."""

()"rren Guod · Hladcd Oi.'>kDia g",," lics and
f"rutI:tIO$lics

X la~h Ul. Liu • M«""~i ca1 AW 1ica tion of
DhDd Sou rce Scpara.ioo T« hniqucs

"" uICi lry-lclko· 0l' l lmisat",nof a"""",.nce
, hal1llt r

Wec ·!.c<:C"hia . lIlind SySlem ldm ,if""" ion
In . M~hipk InJlllI Mulliple Oulput (MIMO I
'Y"C m u" ng lnc Mcan Dltfel1:nliaI Cql strum

Nodcr Sawalhi. 1l"lIi~g Flement 8c'';I1~

1)oag......,IC••Dd r~nOOK:s U!l;ng Anif"i.1

lntcl li",,,,,,, T« hnlqun

Ja""" Moddolhni· Prcdi<;lionofacou"'i<:and
II\ol'Inf1,owpafOlTTWlnoeofla~ d1.....1engifIC
IIlcnccnlK<"Ilcomru~""",I f1uodd)-namlC\l

,......'... Ic ·l'lnclopnmlof.<-~Aor

LlJ.m ....t"'" S)"'IIern for nu.n Goin, hOI,-
Dav id Ib n_ • m,,,d 1'• ..,,"""....
ldf nllrlCati"" of. MIMO Syotem "'l lh
CY"""'-"~ lnpII• • nd FiniICFI...,..",,
U..... hnl

Thc .. m"""C'I1lnnfor200~~~
IltheAnnuaIC(I<\f..m.cc . RJckM orpn from
AdclaodcU.,~,ry_awanlcd S2~ b.
pn>;cc11111cd"1..c:amin, ""-in","""h
Bo.ndJoly Elern"'" Melhod M 10 dn'elop
i!t'(l"f_"""...mcnbtion forn islI"Il RF.M
CC'lks. M.non B....... from
U.. S.....~Aut-i\ . ..... .....rdcd S2~ to

_pile. CO<npl'Chcno._ infonnali""
d<'ICurnt1ll(lfl,IRlIm.. .,.,..,inlohcpbced
011""'Sociny-tm1C for ....ya«-.

F."·..l......... I. Aen ...in ,\ .. . rd - The

""""'" fOl 20fl.l i. ClI';. Fic .., M Ihc
SI~A.:<>uJ.lOC-WlllIlalnf U ....
..m..cdhe..-ill_ ..... prizelo""'n or
lhe kp1 coot••'lOI:l3lCd " ,til the
~hl~ionofh.. i_ 1bI:
"""'"'1"lC:amfmmllcpu1mcnctAT_.......
andComrnunicIIioftIC_i1io~ dY1

CSft 1t.radford lnoubl .......,II a>otI""", 10
"'l'JI'<"I\hia for 200~ .nd I..... i. ""'"
inc""........tlhc luoofthc"""""llppnn

,\ ...rd for Ou h Und ln c Con lrlhuHon

10 ,\ ( o u . llt . - Cou""jI 113. dc<;,dcd II>

;nlliatc . _ ... vdll> hc k"" .. n he
"OllM.. ndinl Con tn""I".. to A"' ics
....ardallI)' lhe (',-"";1 1 nf 'M A ,..I",,,
A' ...... if;;alS."~tly... It i... ... ard m..dc ....
........t>u .. ft hes,,,lC1yI.. m:"llman'rnllvc
ton lnbu'ionlO .hcad,_"",nlnfac<>u>lla
and oi~"irlCllll ...... 1<'1:'" the Son <;ly. 1 he
...&r<l ",...itiofa I'La..!LOC. thc (001 oflnVCl
.nd . a:om rnocbl.,OII to . lullC1ion oflh(
S<x:iety ...."'-...., the rd ...ill be _ f...n"ll
and fn:ch fe mhc ,r nflhe Su<:i<1y.

C(ln f Tbc " ",r"""",-e in N,,,,",,,,,,,

200~ "";11 be k id in 11......,1•.,". Vob'e m
A ...milia Th""' l lIbc full~ ln N",,"""""r

200b bya oombined Newl.e.1Jlnd A<......."'ic>lI
~icty.r.d Au"'l'lI h.n Aco. l>li....1 sO<'·;t1y
roofcraM:C.

R.el ir ee n' gi' l n lion tee • At fu,u",

.....'f""""-..... thc:.... ...ilI he .. ",,,n:<! m"l11ho.....
ratc(>,juw..lc"llo lhc .t ..o.lenl ", te, Thc ,,; lcna
f. .. n:1in:d 'Ila1 "' h.1,~ """" ..hAnged "., ,h.oIa
~"'''PI'lyi''llf... ,he n:1ircd '''em,..' "",,,
t>cen"" AASmcmhcr h . ....... lO vcan lUld
InU!iI 1''''''''''''hoc-n cnga g.:d in ",,';" ' '''1 ...
.'~of20""wsofJlllidwort.JIC1'''''lOIh

Pn. il lnn \ ·. ea nl Ad n'rli ,in g .. II "" hccn

deri<kd 'D ,"",.~."""i' i Vacanlpage ....
t"" s.ocidy ~le. A ll ..~ ....,ll hc
modcfor rhcadvcrt'ocmcN.",J it " ·,U hc
adrnin i\l""'" II)' Inc B............ \I...,.,.. "f
ArooKIICIA....... h•.
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~l~n« ~ I «-I$ Pa rlj am~nl _ £a<:h )'""r the
fe<!eral "'n " f " u.tra llan Scicnllr... . nd
Tccboolus i<a l SOl:icI~ Cf" STS) bolds .
··Sci, nc, M«t< r . I.. """,t~ day i n Ca.-.beml.

"Thc""'nl " ...... .hoK im""~<:d in sci<'nc' aJId

Icchool"IlY an ' 'f'lI'O''UI'l''ylo me<1f<'<kra1
f'Olilici., .. and ik-ir ~.Ir. 1'31'" ;,;su,", of
"' ",""ern• •nd emp/>.o-cifc tile impona l'lCeof
"ci ence 10 111efutun: " f AUSI1'3ha. In !OO3
Mariu" lIurgess llld J<"" Wolfe . ltendrd dr
event and r., scd a number " f i.......,.
con, crn ing edUWh""' . I"C"'>C3fCh andl he fulure
"fl'uhlid y fundN IoC<)U<li,sfa,i lilies. This
}'Cor the Science M<'Cl< Parliamenl day ,...as
"ut held due t" lh~ ~,odrr,tI de clion, The ne~ t

Sci"",e Mee ts P.. h~lRem day is p lanned
for Ma rcil 2005 . ,,11th'" Society is plann ing
10 be represe nted at t"" event. I f you wish
'0 have issue . '. " ell al the even t
p lea", forward a uno: page summary 10
Gc....Tol I S""r"'.ry~ Iol·0.Nics.a'n.a u

Sl a nd llrd, ,\ us l nl l;. - An impor1anl part
" f lhe "" li, ilics Of lhe Socie ly is it.
involvemen l "i,lh lhe devclopmem and
revi' it""o F.... ndanh . r or . number of }'C' flI
lhe Soc iely hasbcC1l fl-~n1<'<l "" Slandard

A""' ralia acouSlic<;comminees. In addtt""".
lhe Pn...id...m n:p"-"""ltS 11><: Society on lhe
Coo ncif of S....n,LlTII. " u. lra ha. The
following is a brie r "" mm. ry uf .h.
commin.....a<:I;"'ilies during lhe ~r.

• AV-OO/ Acou.I ,n - T..n.... V II;'. ,,,,J
SI....bol•• GrocmcH. rding and Jim hlw lcr.
The committ.....ho.sno! met dunn g the )~••.

• Ar:OOl Acmuti",, -/n'/T1I_ "t(lliml " nJ
J/ .."'u'w....nl r"'"""~. I't1..t ," lway and
one pos1ll0n va.:M11

· AI-'COO3Aco1<.\ ' ''' . _ U_ .. Cjfi....t., 1-<"'1
lIusonand K"" Sc. n",,11. lhe rom mil!ec
hasre,i",tl,,"tl upoJlI'<'d lh. 5 p",h lu ,he
AustmhanlNew l oaland $lantiard ASlNl S
1269 (0_4) :]<)98 ~O,·c up., i"n,, 1 N" i",
M.l\.l~nl, The fin.l cnmm ,\l~ ~all"l

ha..o"-d lind the now . t ",tI",d i' ~' [I<"I<..t

.o bl' a", labl... in 1005. A w<,r!tinll ilrour
has bc:c'nform<'<l for lhe ",v i,i ,," " F AS
19411.

• AV-003-03 Aud,,,I,,gy , Tim Kia' , The
O(llnmin«haI;llOIm..l tluri"gl~ ycat

• AY-OQ.I Ac"' .../ic. -An ,hi,...·,urvl. N"m ,
Brune . and N"rhc n Ooh. i"I. . Th.
romm itl« held . 1...-0 day .........linll in Arr il
2004 Som c o f lite ;" UOI d i""" , ,,,11
includ...-:

AS21S22- 19K5 Aoo",h U - t.!cthod"r
. ... ..ing . nd prediclin g 'f'C«h
I'"'a<-yand 'f'C'Xh ,nTelligil>ihty. An
iml"' n . nl MantlaN duo: for review.
I'IU(lO"'ed 10 mt i... lhe ~an<t.m1 ,n ,_
ran....no f"• • mplir.....t . fI':C\'h .nd ooe
f". un· .mp lir""' 'fIC'Ch
AS 10<l5_19KH Acou., ie, _
Measur t of ..... nd .l>oorplionin a
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....,....rbo tion room.rid AS 2253_I97Q
Aco u.ti - MelhOlh for field
n,e", uremonl of the reduOli" n t>f
airhurn o "", ,,,II lra" smi..ion in
buildin8·ll was <kcidt-d to "", i~ .he",

'_,laNlard.
Dratl ISO 140-7 " ..." ,.. lici ­
M...... fI-......., o r ..... nd "" ulal", n in
I>uildinp and of 1>uildinll clt,."' '''' '' l<. Pan
7: f;eldma'Nre"",nr.()ftml'lC1~

in' ulal ion in bu i ld i n~,. COmmt11K
....,.,-e ll..c u' ....I.llh.. meeling ­
a""''l1l1m..nlli 10 I>cmade and puhli, he<l
Thi' document i. ;ml"'Manl a. il
Ii\lPI"'rt., .~st< ~uired in "'" Bui ld,ng
C'ode "f Au",,,,Iia.

• E I~ rt/fl A,,,,,, ,,,,, - (",,,,,,,,. ..;,,. ,\''''­

Ku", Un"" n lind P~t~r 1..11..... n""
<·ommtl1ee h.. not met duflng the )_

• AV-00 7 A<"U.. ' tic.• - N"i.'~ J..""O/r....,-,
JI" u,..hold f:q" ip", ..nt . Val~ri. Ilt") ",..
com",i l l~e ha., n"t mct,h",ng l he )""1

• AV-OIJ'9 nh'H li"" l1nd Sh"ck A!'f'I inJ"", ,,
Hyron M. rtin, The <"mm itt""d 'd nol rneel
du"~g th" year bitt a ~ umbcl of ISO and
A",lroli ~ n Slandard•. dra n. and n"w woli;
item. ,...,re mt ;"'w"d

• F.V.OI/ Airr llJji l1"d H<'Iicop ,..r No is" .
Norm lJ", ne. and Kob Hullen . The
ctl mm,l1"" has IK>I md dll. ,ng the year. II is
"peetOOW l il will......, tongd uring 2005 to
d,..""'lhe ""'i< ionofl he standa rd

• t."V-OJlJ Aro« f/ieJ IIilO</ 'TOtm.·...· Nois"
~er T'""a.\lC a..dKeD W,I"ams. 11te d13n
..."" roleo""'" . oJ ""er 200 eomme nlS we....
rtt (; w:d ...-tli<h .... ho.·'n~"uminnl by llle
commin " re' ·;, ,,.,j IIr~ fI i. being
fmal", ..d hodI",.lIb" n:~""ll<-dfoc publ ic

(o l1tIDCnls.. JIf'JI><oblyio December 2004

Sl a nd a rd I;A u.t tllli a C o mm iu et'
\'a(.Il n.~' •

A\"../lIl~ C "' iu,~ . Aroo,,""-'
/" ., t . . ...~• •< o. 0 .. ,J ~/....J ...•.......

1i..-.\oorqwo
Any membe r whoowould like 10 nominate for
lhis eummitte<: is inviled 10 provide a brief
de<cril" ionofl hci.experion...ei n lhi. ficill by
} l J.n uary 200S 10 1he General Secn.1ary,
Australian Aco", tical Soc iely. PO B". <>03.
Castk maine. Victoria 345() or
(j (nc r. ISecrelary@Jacoust;o, asn au

Excellence inAcoustics
Ioste ring and rewarding
excellence in acoust iCS

Entries due June 2005
www.acoustiCsasn.a u

Spectra wan ted

Tb. NaljunaI Acou.<tie l..aou,...torie. aretlying
1" lIuild a cal. logue ofl ypical woli;place noise
"f'CC111l. Thc eurrenl spe<;1Talha l are use<lfor
I", >king at lhe noises individuals experien.-.: ;n
lh..iJ ......-k pb.-... - lhe · NIOS H [00 ' aoo lhe
·S.... JOO· _ ........ col1cctedfrom inf"nna tion
galocrc'<l in 11><: 1950•• ·60s and early ·7I),.
M.n y modem "")fkplace. It,a"c c hange<!
........ iderably ...-ilhnew l"Chnolog,,,, hc ing
....·d nped .nd old ...w k mo:1 hod. be ing
replat:ot. H""'-"' tl>c cutn"lll "f"".1111 uocd as
...'OI"lplaceexampl<-s oottld he .." n. iderl:d o ld
and possib!y not n:ally n:preom ting II", snn.'
of noi....s'o ...·hoch l"-"'ple • .-e eurre nt ly
..xpo.ed

NAL ...ou ld l<ke'o e<>lIeel ""ou'lic ~lf.

from eurtenl """,",ploce aC\;"'it;"' -lI ,,, ...lf1o f
information thaI i' l' a.he"..d durinll a lypic. 1
no ise sur" "Y for o<:cllpatl0n . l n" ise
mana!lementpurposcs .Thi, "' nultl includt: .1I
noisyaotivi t;" , no, . imply lh" " lh. t may he

::~~~~~h~ ::;;:n:~;~~' <:"~da~ :i~:r :~~~~
oopyor lrom d cc!ronic r""" rll•• I'",f" rahlyi n
lhe form of oc ta, e (or !/.' oct.-c ) !>J1 nd ,I" a
1ol""" "l"'nied h~ a "" "" .ipli" " "rIh" activ ily
and pe,haps an ole "rh"w l,ml>.hala clivl1y i,
undena ken durin!l • Iypical w" rk day.
Al'livilics <an include anyrh,nll that i' noi. y
and is d"nebypcoopk:\'iol king: hearyplanl
and cquip~l;power lool"' '"''t.lwurk :'"''''''

wo,k; .....Iding; cUlling: a ircraft; ..."': lfIlcks:
oo""..; "",.ic; . . . anylhin!l lh.alprodU<1:sa
p:>IC1lli.lly h37"rd..... noi"' .

Thi. i~ ;UI on-gomg !""i e.:t <0 lhere is no
i m.-.....JiacyU> lhi. ttq,_. Ju~lle .wan:lIl31'f

~('IIJ ":"'C allY"'l.of nl5tinllreports )'OU rould

«'flt/ i,.. if l "'"' eo U....1 any fulure infnrmaltO" .
.. ""'.. ........., l" . ueb i" fo.....' ion .... are
intere<1od. Tbi. proj"",t i.ju>llt ", tlitl"ocult lO
carry oul wit"' '''I )'OUra""i. lance .., please
thi" k ""hat ,,,ro",, alirm y,,,, h. ' .. e', ..., ,,,,,, ,,,

""" ' p<1:1ra will l>cu"" rul

JI-;,n<·ir.l lfill "" .... . NAL. 126 ( jrcville Sm..cl .
Cha" wood, M. w. 2070; lei 02 q4 12 6926.
wa<Wick willi"ms(u'nal ll"" u
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:"ioiw a nd\1bra tio nCo urn

Tk Un i~",ily of New Soulll Wales o lTer!.
""" lgrad uale program. 111 Noi.... . nd
Vibr.uklfl ka dmg 1o a Graduale Diplorna or
M..,t ....or Engincc:ring Science. The progr-.un
rnaterial p!\l\'ioks a eombination of throretical
and practicallyori ented t"l'", •• •Iar1,ng frnm
f" ndamenlals of nni. e . nd " ibra,i"n . nd
lead mg to . dv. n......d . tudic. in des ign,
applica1ion and noioe and vibration OOnlrnl
Spe<:i. li....d oourse. d....1 wi th u" ,trnl or
Cnvir"Moenlal nuiscandbuildingaeou" ies,a. ",. 11 ., m.<·hine condilion moniloring
t>ascd,mvi braliona""ly. i•. l.<>os...le. f ins"'r1
in Ibi. i" ue gives m" rede•• iI.
Inji " ""'l im'I. .\f,. S~u" ... r" ,nbooll.l:;,., ........,1
SI"J,,·~ CoonJ"....lvr. SdIooI<>f...,.'dw~ic..l d

Ma""JiH-r",,,'S F"K'''"''"t:- IN- lJio•....",ty
,,( Ne>I'.<;'Iulil ItM"". NSW )052A""',,/ia
Tel: (01) Y.IIIJ 4n~J fiR' (02) YM.l sr n .
., ' '''/fhull(u:ulI.' '' '.~du. uu

Aeo U' l lc l n\'en lion

As well a' wmning Ih.. AAS Bradfnrd
In.ulalion h ecllcnee in A........ti... Award,
(' hris Fi..1d i. tl><' nUlnght "'lOne. for ll1e
Invention of ~ Ye. r (rom .he 2004 ABC
""ri..."N""'· ln.......nl...... IQr h" Silmcnir. You
.....n rcad about il on hnp:ll",..ww...bc.net.ao/
newinvenl"'"

A eom pr...h...nsi~e h"in, o f S...ie .

lcehnoloi!y.nd .....llincerin'ronf...""" i.
avail.N e nn hll p ://ww " '.sel" nee a le r t
"'om.au :cvents.hlm T1len.i sno cha'!te for
aUding yuur """n w nf.....nen. ..orb hop•.
publie ~Iun... 'OO .........nl$ .u lhil liolLng

:'oif'W NATA Im a l,'i'

A
NATA
V

r,.. the r....1 time . inc.. its in':"'plinn in 1'147.
NATA (the National A"""';at ion of Tesl;n~

Authori1ies,A..,;tralia). has ...hallged'lS01I1bk1l1
aoo added de""ripWfS apprnprial. '" bulh
NATA and ito ""cred,t...d ' .....ilit..... For NATA
arrmliled lacilitie. and the """",nf t"lin g.
in.<pe<1lOO and ...alibrntion ..,.,..,........I. lhoo new
emblem pTU'o'io:k~ a 0>1.,,,, contemporary and
prOj(r", sive image for i denti fyin~ and
prnmoting a"" ,, dit...d lICf~i",,,,", The: n...w
cmbk m will ...ominnc 10 b. widely u.<cd
Ihro~gholll indu<Iryand g,_~t loidcnl, fy

compc1cnl I...<ting and inspectinn servicee
The new emblem may bea ccomra niodhy noc
of Iwo lagline, Ihal c1...a rly describe thc
unique anri bu1<."' " f NATA·a"cr ..diled

f""ili.;..."anddel,nea«: lhem from lSO tKJOO
ecn lfiedorgani""li005. "Wo<Id RCOOl:m.oo
A.........,ditalionM..,ill bellWdby NATA. nd nn
beuscdbyNATA-accredilcd faetlitics .."' ercd
by the current mUlual ItWllni. ion
.rrullem<'tlli . The al ternaliv... '"Ill ine.
"Ac..redi.ed for Tcchnical CompelenceM,can
toe"""d by NATA-""..",diledf""iti' ;". in mOl<l
PJ<¥rnm, and fie lds
Suppon ing Ih. n...w ...mbl.m i. a major
upg rad... of Ih. NATA website
(www.nata.acn.au) based uPOnrttmIIUI..- ·eys
and feedhack from w; ""u ft h...'ii.....Thema in
improveme nts includ more powerful and
ne. ihlcsea....h oplions and"'o.... <ccore on­
lin. ordering

:"iewhetson l ns ula lion Produets

CSR Bradforrl l llSll lation l\CMl ha.,av"i l"b~ n"",

lilcralUle from The lnsul. lion Council or
Australi" and N. w Z<-al.n d (lCANZ)
n; nf"reing "", Oll& S aod ...1l\I1rotm"",tal rac'll;
and diepelling some miscone...ption, .bo UI
gla».1m01 and " "'h " "' l insulalion. USC"<!
e."'nsi'c1ythrooghoul thc MJrklf"''''''e,70
years.cvickn......, ftumrno niloringand "'''''''l'h
indi"' .....thal ""serioushcalth ..fl"«u """' ....'"
oc urred in lhose rnanufaemnn g. "";nl or
"' h i"" ."l"'>ed "' glass\>.ool .oo~l

incularion. In 0e10ber 2001, I"" tlllrrMlPlaI
AlI."""'y for R...search inlO C.........r IIARC)
1't'n'lO'>cl~l frum itslo>l"f p.-obIe
<:;;M\;""'Ilmlo,Rn:d assifocd. II11w,,""'.....I .ond
",d..voI ..... ~iou ... '('a' q: " ' )' J . nol
~r-,f"""" .. .:an:inogenic Ie> hun.. ,,': . This
r ll1oiong ..~ b:o...-d m """' JO )'<".... "'ahoINI\"
","""""" inclodinglonglCmt """lth~ts

on """"1hanbO ,OOO....,,nCfl..1bD lolkJoo-W lhe
inlroduction of biosoluble J t.-."""' a'ld
""'~"""" (FilS-I) leading ro rho joim
~lurmenl wilh ~ey Austra lian building
l.II1ia>sof anWU5lIyCoJeofl'r.oetieefCJr thc
Saf.. Usc of Gla",-.ol and Rod"""" Insulalion
I'tuJuo:to.Th<CWo:..'¥>. then llJ'l.U'.od<d in ~J

1o ....nc..1 lhf: ncv.' IARC da "' ifoealion of
glrl>noool Olldrod .wonIin'Wlalion.

C"p;~., <>/ t~~ ICAN"L ;11/0, ,,,<1/;0" ,,'"
cn'tJiI"N"'fr"", ilmclji:",JonlJl)f) l/$/J J05.

Briie l & Kj :l'r Ik sill" P r i, e

l:INd & KJ",rh as rc ive<!lh...f)ani,h f)esign
I'rize 2004fortheir lland ·heklAnaly'e r.
developed ineooper.li,,,, .",ilh ,,"'On; in four
~"u nlri e.. Sound and vibration i, o l....n
mc..u",dumJ", d'ffic ull""nditions Rrfiel &
Kj",•. Ih~",f",..., dcei ,l..d ro involve 70
profc'SI<lO.lu""", f,,"n f,,"'counlri..sin thc
d..~e lol'rn.nl of Ihclr 100e,1 Hand·held
AMIY7~r Type 2250. Th... re. ull is a
cnmplel...lyn ew d""ignw ,lhw clll houghl-out
funeli'\l15.","k ing il easy and ",liabl... to u..,
even unJer e'trem......o"dil ions. The
professional us. ", in"olvedi ni ts developm.'"
....t m.n yr C<juirenl...m.f"r lhe newg.neraliol1

ofoound.n. ly7Cft. Ile.i de. providingaSC'ries
ofi n'...lhg...nl ...,lull<>nsIOU .... . · P' 3...li...al
prnble<n.. rhe new . "" I)'1 ean """""ure!y
h..k1and ..LlSilyo perated ng onlyooehand
Theju ry ll<llCmenlwasth3l 1hisSoondl.eve1
M,1.... combi..n outol.nding illn . nd ..tate
"f l"" an ' t""hnolngy. It i, a nhcrcnl dc;i gn
",,,p"'''''>na nd ''''go nomicllal il. bcsf wirhool
lICsth"'ic compromise. Tk design is clearly
innumced by lhe """'.. who h"..., laudably,
h<xn"I t""""ntreuf the de.ign prO\.. ».

So und l n. u la ti onGuil1eline

fhe:lluilding Codc of l\ u"rn lia {IlCAj Snund
I""ub tinn Guidel;"" h• • hct.'lI", lcase<!by t""
Au",,,,lilln llu ildingC<,,I,,,,n,,,,,,I ("'''IA$47)
II ha' heen w" Uen 10 pr<w id~ . dditional
infl>lrllali"n 10 "'I'1'lcrn''lIllbc tlCA Acoustic
Pr"~i , i"", , Th... guid...hne il IlOI inlended 10
.-erlae..."'.upor'Cdelhe UCi\ h,"r",hct ili .an
inl"'I"J""!. lion or lhc ' OOUSlie prnvi, inn. or the
RCA Thc obj""Ii", . or""" guid...Iinc ere 10

provide ~uidanc...on the acoustical des ign
proc ..ss;
provide guid. nc... on met hod, o f
comphancewilht he llC A;
pruvide guid.lllC'" On the installali"n of
acouslical ...lcm,,"1>';
hr lp a...hi..~.. le ......prahl... a...o"<lie,,1
oUlCOrnes with,nbutl dtng. :

lbe ll"ideli"" '- been ....;l1rn lo ....l "' . hnl<
het><ttntheliCAand~ such as an:hlleCU.
builde.. , engin"rs, c..rtif iers. project
man:tg..... . acoustica l ...on'UltanlS,
'UboonlraClOlll and ", he. lr-oldn peupk. Il i,
inI<.-ndcd loprovideguicbncelO.ll.....-nof lhc
RCA. he they ifl\lOlved indes i, n, c;orro,uuclion.
deve Jnpmrot.eenificatinrlor.l'f'R"""J.a.<!hcy
.",Qd: rodeve-Iop. implem...nl"'''''''' iewwl urions
thaI provide ....erplab1e l....cI. of """ ""Ii...
insulalion. Tk guideline . umma""'" the RCA
ICOUSIK:COmplia""" I.." '..."·,.... ..d l a., . Utlw
op!lOOo 1hal c:anbeuscdlO ..li..fy thc KCA. 1l
pAAidcslips.nd ex""'P!CS Oll good dcoign 1U>d
enn""", tinn pracli..........~ well a._ ways of
,."..,idingbad de:;ign.. >d<"""'tn/Cti""f'I'lI'.lie....

J1ljorntan',m: A..urali(l~ !Juildm g CoJr~

R'J<m/, """ ''''''''''/:''''.(1 1<

Ali<1l:l years .. N"'L, Erie L...Pag...i. now l....
di' O'<"t<.. "f CMhid r , based in Sydney. "n... 1S

wel l lrk....n for his pioneering wor~ on
ol<Jac:uuoI" "'" ... ,"" and ...ochlea, physiology.
N....c11c ~h...ray. rormally from N,\ L. i. al",
worklll' r(ll" OAEriel ... The "",b page.
"""'........""keom'u I""" idcs a re""urc...ln,
an icle-sa nd"'OU5Ultalion On lopie. related rll
th......ar .n d h~aring .,,01 . n 0"li,>( Tinnilu.
Surw y, u, P. ge is see~ing mllnyr",,,,,ruJnn1S

f" r Ihi, SIlr~9' as h... states "llierc i, much
which we could slill le. rn llhoul Ihe
p!>cnom..."on. part ieularly Ih.. mceh""i.ms
whieh give rise tu ;I.~
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Qu est
s..and I " n rl"& Krllllm~ .' na~·"'"

l~ UI-X is. !wid !>rid s.:-..l
lC'~ Mct.:r . .... R"..I T,"", Freqllml:J
~ __ w ....",,~ of

li>l1.. 11)" U'o e ......_~. .', ~,...a of. '-"'.__ apwo.l ..

...'ical ........ inthc..,;..,cyclc .
_..,~hasil..~ .....
4lIb..hodI~Mdacdibk. Eay w
<IJICf*. 'ht s.-tp,., Dl X featwes .......
t;>;>kuJ.......... l't"·~...,Toudl-SaccIl-.l
b.<1o.·h\thocdkcy pod.h lSidl::alfor.l(lpl1C:litl<;lnO
,h. , ""lll'~ moni'Mng . nd 'cpO,"" ng i.
ocro<d....,.. wtfh !IW'C1hiIfl ooe ""u1oI.i<In.....
",-hrt"ethtlc ..., """ d,fferc.. thl'C5hoid>f,..
dc"," " ,n in' C<"O'I\fllian<ocwit h an ""' i<... 1........1
. nd • l"' . m'...;hlc c.rosu~ I""d . The
s..u.....p,., UI.X is<U .,al>lc forcompli.n '....
• ..., ..ment . "'mln"'ra';~" .... cng;MoCllng

""",,,1ls-....."'n1
~~""""'I<"'fn- ,f" Md Scim'ijl" . 1/I/IlII /flO

Wan uh

Thr:""",2200~Rcro.;h~,... ,itnlion.~
pl.' ~""", frum K;netic S~"<m. "'" dc.-olgn«!

'omh......-e'ht...,n.IT1IIt"""ofal<Jmicfnttt
m'. l'OM:urn. mi.rollardne.. ,est=.
rrufik,m& ... h.ola tlCft, -.iio """",,"o'l<'Iot.. M1d
n' her p""' '' 1OfI \.It>k!op equ,pm",.. . Tbc
pLr'f ur.... . ~ .,ai l.hle in ' h""" d'IT '
.....11. C'aCh pnwidi.Dg . pplication ifoc
" ...... ..... e""""l .. rLIo .........n.alfmqum<)' .
""okl 1210 f""'ufCI,,,,<cllmlwrtocal ,~lnl_

......... iOnIl pusi'~d..-.. ign ltwc..bc
~ .. "b ""'iorIaJ "-1~ '( ....1I"

-.om! IS....... -..bohle. ~'<>dd 22 1 2 8mdIM~

................ ......,IIo:nl"Cl"ticalrilnliontunlrol
borl_.oclf-leYd,"C-Ktne-a........ -..l il
~for !IW'Cl<'p"_,Mo>dcl

22 1 ~ llcndI\l_ offen ""«fIcor onl .ul
......_o;onaol md_~ ........
"""......... IlIOlao_ rnn..:.IlJ$~

(ot """ic.. ' ' '- toercbodl ........lCal...d
hoftu,rul" InI ...,. ~.Thc2114

;1 .. . , ....r· "I Iflg. a<ti.'C'.....'W1 l1thM ......
be «>nn«1<d compICS-._.

/nj<"_,~", frr- H~RSASHs.-rr..njk /'10' UJ
tHt/M jllJ /lJO/ }J"'sal"'@_......,II ....... ....

:\hl r h

M. I,i.lndu,tri c. h.., ~k'...:d . mulie,,' "'all
tM!,I "" M H·l)l>. for do. bl. -n.J " .. II•. Th,..y ,~
i<1ca11y i'ttlfctrbolbnud" modn'Il .. ll im"".
l'i1Imcde fIICI>(MI.nd ..... l d lldw>l"...... T""
';el u eu>e<!'o"""""",a lly ,. ,,I. 'cb<>'
.."""""'llyconnect w...., u nlrn' 'O(lCihcr
.. ""' I"' . .....,g:hI-.l ..., <r«cd .. I.2 ......

. k"'ll 'he WlIII. Ikl ildc rs had """" ' oy,ng '0

..t..p ,he MB·m ma><>ruy """""'>Ii.< ,ie ......
I llllooopitltoOdcd scis loorigid f«,Ioc li,hlcr
........... ~'<T all<M';Oble drfl<c1,"" or.........
/~M"'""IrtJu. ...v. P/'- "' (M}

6"J },n'~'~nlIII""

Bradford Insulatio n
c_....,Slft-,..

The tlr"'f<"Ol! eomfortS1«>" ..... ona1Q .,...j,,,
• ............ ....wlanon.ndhandlllll~a......
.... _. ,,",p ....... the ...... Wn"
...... ......-kn._~..-l"'_

....""""'oWtIo . ......"'.........
G~I I _ b.li_ A ".,.;eM ..""'Y
~h)o("SR llnodfonl l,..btionol"''''

Mc"""""""oaI coalra<;\Of'$ alId .,n;,focn
'''If''Wd thM ...t1ilc 74 peroml......., _
"""'~ -..l _k........ r,bo1:I~ ...
1orI#ra.o""""" Iw-ardous.. ......,. """"" n
~·cmttl..-, I""'"bl" m'..... "T.' ""
duo " . , ,,, ,.lla" oo . CSII. Rn dr"rd FOS· I
Bi<""'lubleOI.,,""""and ll.<rl ......~inoul.. i<'"
i. c" Mide,,"tI 'o "" I"", ;roll", . nd In..
allergen. Any irriM;"n ,h. , m. y "" i<l during
i"" , II"i o" i' mild and c;t., i l ~ "",najl"-.J "' i'h
...... i< I,,,,,,,,n. ' pro,cctive c~ u i pm<nl "nd
""' 'I'u r". ... delailcd i"thcMSDS "" d utl;un
~.....
l" fr..-tiottlt'1/JOO850JtlJ ""
-hNJf-l~"'-,""
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'\c"u~l lcs 2004
AWUSIIC02004 .1hc annual ro hf=oce of the
AAS, wilh the Iheme 'Transportalion Noist
and Vihrallon' wa<held al lheGo ldCoa<l 3_5
November, On all fronl< lhi'elll,f<'1't:OCe was
an oU,"landing ' ueeeu. There "' ... an
impre' 5i,'c ,.n ge " f pre<enlalio"" indlkl ing
illvit..J ""d keynntc leclUn:s . nd w ntribulcd
ra pcr-.. To cater for lhe high number of
, ubm,..ion>lhc program includcd up 10 f,\'e
ft(Irallr l "" " ,," , inciudingspecialfucu,,:d
workshops. The lunches "0 0,1 Ica bre. ks
aUo",,,d limc for Ihe _II import.l nl d" cu" i"ns
wilhco llcagu"". Thcc unfc", ,,"e dinncr. hcld
al tlle c" nference venue. pro" idcd anuther
sucial opl'Oflunity lU hc cnjoyed by all. lao
Hill"" k _lid hi' 'earn ",e m ogralulaled 0 0

organi~i og . "" h an oUI.'landing confe"' nce
and hore f_lIy a", taking a ",,,II eamOO"" I
a ller Their<teri i"ge ITon5. Thc r roce..'<!i"g>uf
the confe'ence an: availabk "" el l th ,m
WWW.lH:OUSllc•.a... .au

\ 'l ctoriaAG:\I " ndTV Sludio \ hil

On Set> 9 the 2(l().t Vicl,,"a D,vision AGM

:e: hcc~~:nC:j~k;ai~~: 5:::;i':: l;sl~
combined AASIAI' CE m~ing . A 10la1of)4
-.-e present ~orm Broncr lAAS V,c Div
ehllirll\;ln ) ""komcd all ~lIJ1dopcncd

lhe AAS AGM T1utt c f ,he four "" iring
eOmmill<'<' """"' hers '""" 1""",ICCk'd ""ilh
~l'" Pirozd: elecled lo """au FIi. ahelh
Lindcr-isl. wbo was lhank~ fOf ...........-"'tari.lll
.nd "Th<r contribulions lu ,he commincc 's
wodri. The Vic Div u" asu.... . Louiof""V)'.
tahiedanddistrihuTOOcopiM oflhcaudilOO
accounts for 2oo31(l.4 and oullined Ihc
l.> i" i,ion ·s fi~nci.l ~ilUali<ln

Fol......i nglbc AGM. Norm lJroncrinl rod....-.:d
Joh.nA llli'lOn. Chan... 11"Trchnical~",icC5
Ma~'jler. who Ihen o"l lined lite variou~

"",..le a."i "g at li"i l"" ~orried oul al lite""
.rudio•. The ncw DocklMoW. $!Udio<l,." ",
builtdur;nI!-2000 10 2oo2 -.l ' 'fIC''cdin
April All rn'.' ler .nd rr CK"""rion eonln ,1
funcl,on. arc loe.l ed ill It.e.c Melbourne
. t"di" •. wilh inlc"'I . 'e dislnbu ' io"
I'Tograrn, a'" rccordedo n 1"'1Ii:equl\lllcn' of
a h. rd dnve (lhc sc"",·e",j.o lh. l one filc only
need. '0 he accc.",d iOSlead of "", . ..1 I. "",
rccordsa ,fonncrly.

Of r anieular aro uslleal inlcrc" during I....
inspcclion "'"r el hc <I",.tios and conlrol ronnT<
for talk sessiom whk h we", de<lgnod totlow
rcvcrbcliTl.on. and lhc "ew. ",ad'"g ' ludio.
which wa.on . "''''l ing .Iah l100r ,uppor1~'<!

"n lu"" f", ,-,uclley srr inging to minimi",
vihration lron,fcr into Inc <!udio. Atl hc.",1

of ..... vi" l, Norm llroncr. on bchalfof . U
pttSCnl, lhankedCba"",,11 fnr ." inle", stillll
and i" furma' i"" , ·i";l

C ity So und .

On OcT 26 around 20 member; of tI", Vic
1li, ·ision . llcndnl an . ooible dcmon.<traIion of
'Ci ty Sounds' ill ihe SIAL Sound SlUdiOllo f
the main RMlT C.m ru ' . Melbourne. Sorm
1Jroncr imroducnl Ln.'J'CfICc lla",cy ( or R ~IIT

ArclTilecru", &: Dcsi,n ) wIIo be,an by

describing lhc ",,11<doI"'I>I' recordinll 'Cil y
Sounds~

O"S",,,,d., was """eloped fur ,he C,ly " f
Mclbournc. lo irM:<tigalemd.....Id". lpcnons·
a" an,nc>;,uf• • "d al"ludC\ t~rdJ liOUnds

"ccurrinl!-wilhin lhcClil l The Melbourne
City C" u",:il (MCCj. ;n o« king 10 rromol c a
diwrse and lively inncrc ity ..'UIIUn:. dcal<wilh
a wide V.ricly of ..... ".1, and rd aled i»uC5
" 'hieh alTeel ilS comm. .. i. 1 UpcUlo rs,
,csid," ts. visitors and ""rkc"' , TII.Cou,,,,il
", ,-,uired.means of colleellng a widcr ,,,,ri' ly
of individUllI person'. ", . pun""S lo lhe Cll D;,
acou' lic e,wi",,, ,,,cm . ,,0,1 aural e.pcr ;'·'ICe<
than waS currenlly availabl. fro,n noise
co",plain" Ofacou.,tic. 1me. ,u remenT,

T"achievc lhi" the SIAL S'lU"d SludllIOl. fT.
u" ng lheA" ran J. t sam e• • ngine, dcwlopc d a
oombiocd 31.> ,i "~1 1 m",f. 1 " f rypicul e l\l )
p~e i ne" Wilh Iheir enrr" r ond ing
.<uu"oJscaPC. lug..1her witha scnes (,f lurvcy
'lUCSlion<10 he an<w. red by lhuse laking palt
in lhe .u " ·ey. AII.wu ,Hl, ""'r<: recorded in
",en,oC f) 'lu. hlya ud,o

A special (e" lu,e uf the "udi" · ,,i. u,,1
rcconl,ngs wa. Ib"l lhey are 00 1 ' lalic. bul
<k,i" ned l<> oim"l.l " lhc si"ht> ."11 .......nds
.....pcri.""cdby.pcD<lnm<Mng lhrongheacll
particular Iocalion ;n urder 10 Ie" pcorl.·~

a"'"", .-' of,and allilUtb I"",a rd.. the uri" u,
wm:>J"""d; n,l "",nd< , Thescincludcd lhooc
s"" h a. klUdspc. k... "",oc in city sr"""' S. lhe
«mnd. in lane","'Y' and aru de. pan ially
prolecledff\llll ~l~nolK,con<In>CI,onsile

noisc••ndlhesariUUll.partrrw;ntoound.in
room. Wilh d ,IT. r<'1'l1 deg",e . of
ooulldproofing. The<o:,." ", . lld c""""ualed
in . sp:ci.llydc-signcd """nd_proofOO low
.....crt>cranonl iSleninlroomwllh in lheSound
Sllldi......nd .ffordcd . good impressioo ofl he
high dqt= of ..... lism OOtalOablc

Al lhcell<!o fl hedcnl"os.ralion. ...<>rm U..........
thanked l...av> n:r":.,.II""...-y. lld his assi",,m s
for . mo<linlertSling.nd inf"rm.liwC\"ClIiog

nu i ldi nIt A cu u .liCliWut~h"p

The following ;sr<uc> "' <:fC di.seu'''''d in lhe
wurluh" p focused un lhe ~llaog,," IO lhe
acuus' ic p", ...;~ions in ll1e l!uik!ing C."," o f
Au, tr. li...... hieh "as held during AeOU-<liu
2004Confe"' nCC. l lh. Gold C....sr. /Rr/rrto

''''idebyf'u/l.~o~j~lhi.,'i.'.''«')

Cl - Corree l;on lcr m for In'p.el r.'i n ~ II
",-a< gcncr:ally allrNd lhal L.,. + C,<:62 is nnl
. n .pprup li.ler"rmuf imp....l f"aliog "r fl,c~ '"

Al'pn"ima'cly I I S fluur<Y°lC1'1'l, has"'~n

lN ed by Re", o T"",n and I\ lo._ . 1 he..,
f1000 "'~'" ur . II .... ndanh, ;ocludlOg Sllrnc:
which",,,,,,b.o,,,.ndun'rc.'cd,.nolall lk,ors
paswd I"" Be A impa<l requirement.
SUllllC'S1lOn.werCln""gr:aOolhc I:lCA,mpa..1
ooisccriterion"·I1hci1hcr:l". <S7, orL.,.<:45
Tlw:SUUCSllOllOfThc: U'leofL". - C, <:62 is an
'MI'l''''P''.k: unc bcc. u,,",'I ISnol eOOSlSl<:n l
wilh 1S0 717-2

\\a SlCP ipc s.. p..... lioll Comrnc:nl. Vi<:fC ll1al
R,, +C. > 40mayllOl bemcl byThe ""'mTl
I'r...1i« of wrarr ing "''3S1e p,pc<m .lnadcd·
"i nyI N rricr nul cri.l ova fcam back,n!:. . "d
wilh • •ingle r lUlcrcciling barrier, The c"
1emI i.",I,anl onlhcpcrfonnanccof the
. ySlcm e"f""'ially al low f""l ucncies.""h ...
200 li z. Al Ihi' frcqUMlCY lhc
cei l;n....wT~pp;ni com binalion has poor
perfurn,. """, N"..,..., ...~ yel condU,led
fur"'a l le, ling"f"a'lepipcu""tmen" ""hicli
"'clOon'lwe. ".,n1pliancc or oTl,erwi.. "'il ll
IheIl CA rcquircl11enl•.

Fi.ld D••.• ra lln'"o r noo.. . nd ..·. Il .
Cum",ent< ,,-ere n' . .... tru.l R'w i~ not an
"ppropri31e replacemenl for D.T,. and Ihal
1.>.".+Cl.--45 i, easier lo meet Ihan
R. +(;. -S O, Field data pJovidod by RelUo
Tonin & A«""i. te. , h"w Ihal D.T,. +C, ­
R. +C. - 2.5 "nd f"r R. +C. - SO.a limil of
D. ,.•+c,, 4S is probably 100 10...... Tbere1a ti"e
ditfereneeb crwccn R. +C. and D.T,. -+-C. isa lw
d'j>Cn,lanlon lhe dcr lh oflh e n:ce;\'ing room,
so thatthe dc:cpe, the room. Ihe better the
,a l""
Fidd D.T.• r.lint:ofac(-c~~ doors R..",au.se of
lhe more lu ' l. ndardi n lhcO .r,.noted.bove.
l<... I • •e....aJ thaI. f).T.• 25 ratinge an probably
be meT for accc<.<doot'l " ilh no a"""" tic scals
d""P,lo ""'eh door< pmbahly ""I "", cling the
R" 30 laboMOTyerilo.'rion. C" mm,;nts ",. rc
mad-c lh:T1 f'eld lest, using lhc apartment
co rridor as Ille ""'fce room and lhe public
hall-.'a)' llch",d lhe.cce" door .. the
'ece iving room ~ '" nOl con. idered
. ppropriale. Comment< ",~rc . 1", made lllal
lim,,".hoold be ""00 Ihc dcp1h and ,Ilapco f
rooms 'll "'lI""h valid le>l,ean be ecndLlCled

RCA \mflc. lIon .\ le lhods Fi", metbodl o f
verirlCllion can he lI5Cd10 mccI lhe BCA
3COUSliepmv;,;.,,,,,- I.>iscussions rq;ar dinll
incon' i' lenl resu lts hel\l CCD lhc differenl
mcth"ds ofvcrifi cal'011on Ihc ""me huiklin,l
~ially whcrc.furcxamplc. ficld tC<1

resulto sliow<d poor perform.n", or non~

complianl performance ...herea. nlhe.
mcll1odso f e01llJ'liance"""", usnl lOnw:cld,,,
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BCA requ lT.,m.,nt, . Anopinjon"",ventumJ
that the RCA vcrificalion method' can unly
be used lo dcmnn>t", tceompliance, ..." non·
oompliance . For exampl., ,,,,hcrea l1OCCUflllnl
ofanapo.r1rncnlC<llluni""ion.ficldte.ti ng
...""ich demonslr:ll"" poor performance afkt
aool her rorm of vomrlCalion (e.g. DTS or
I::qul'"al(nct' lwas u<ed for lhc dcs ign, h "",
di"U'O-~ lhatt/ti$ Kenariomay prove- ra.e ...
the <kgm: ...f ptoo fn:qu ired luwrify
compli.ul<" would be high in p""' lice iffi cld
t""tir l ...-unnl u." d. lt ma)' be 1h. 1 only a
c"' '' l ca..::couldconftnnlhc va1idity " flh c
d ifferen l meth,w,h of verilk atiun

O...,m"d 10 Sal ld )' Sy.t"m . n ""mcd'ln'
... tidy 'YSl(m'are nut "" lIdefincd in the
DCA. <.'urn:nlly ....me de""ribed ' Y' let\110 have
leOl ..,.u ll, which . how a pass arwl tIIhcr
,"oh. which .t>ow r. il..-elO com ply wilh the
OCA provi. iom.ll,,;udl"CUloSfd thal lllerei ,
variahilily inlhetnUng..-gimes.Nali"l\lIl
Acousti c. Lilooratory would eXpe<:1 a
v.ri.hi htyof 3 dB in R. !,,-'Tformancc, 1l "'a.
vcntumf Ih ol the ABCa ,hould admin i. ter
and re.,ca",h Ihi. inf' '' mati'' n m"re c1u~l y

and Ihal an up<fatcdmethod of descriplion of
DTS aY'lcm••h' lUld be u",d U> define
a.......ptabk 'y.tems. An approach . ;milnr Tn

the UK MRobu '" Standard OctaM ' cotlld be

.""
~;= ~,~ :.".:re8:~ I:n:~:v::" :

ch.,,~e eviden t ;n the groenl 11111""" of
membcro uf lh( bu ilding indu<try "nce tIl(
launch o f RCA 2004. Previ"u, ly . om"
m( mbe", of the ooilding indu<1ry wen: happy
10 meet the BCA R. 45 & R. ~O limIT.' with
liUl ( ur no marg in of ""tety. Now Ih"",
~~rstnbe a lalgcr $(et;""of lheind u.try

doo:-vf"'ringlh" amrudcof"'c(Cd,ng lheRCA
requirem"n ts 10 provide a larger malllin o f
Mf<ly

Mar l/ iN''' l ,.'NilLl

A lP Co n l:re n · Aco u\1lc!i and Music

!'or lhe r,m lime Ib<:re will be a ' I""'ia l
seninn on Acou ' hc' a nd Mu. ;e al lh.,
AO-,u;o.lian Institute of PlJr; ic. ('ongn:s. in
Canberra . 31 Jan ln4 """ 2I)O~ . Joe Wolf"
hl ,ofE"ni,ed tbi. se>,ion and il will include
14 p", sentalions -some B<1"" lm, hnber
infor mation 011 this con~ """ from
""WW.alp.urg.au

ACOUSTICS 2005. the ... nual COllfcn:nce for
the AAS will be held in " O-" 'el lon. WA from
'I to II ~0·.-cmber2005 , It will be a tim" to
oo"'iderhow""'lI lhe acou,t ics pm f."....ionis

126 - VOl. 32 December (2004) No. 3

!lCf>'ing .he romm unity in afIPlying the he>t
O\' lIlahle ><:iencc""d lcchoology;n Utlfev er
changing"""ironment. Thcemph""i, uf \h(
C...nference ""ill he on pl1tCllc.l1 ""pl",atknl~
ofncou. tical scicnec and I"" hnnl,'l\y and
praet i<. 1 solut io" . tu .c o",tic prohlcm,
Tupies win include Und( .....atc••
bi cO"";e•• propa gat ion , sona.,
" ifOflfl'OC'.lIal imf""..•• a"' hit(( tur:ll "'-..lU<tic••
en. i,on menlal IIOIS(. In a ' po n . indu'trial.
occu pationa l hu llh. engm= ing lIOise
con trol, Papers "" all lhese lopie. ar"
weko med and d(.dli".. fur aI>.1I1.,:11I i. 29
April with papers due I July 200~

Ahhey Be.c h Resort. Ih" 'enue fur
ACOUSTICS 2OOS. i. 2.~ hou,," ~uuth of
P"rth in1hcbcalltif"]So "Ih We,ta,,,l nc' II.,,
un the beach front of(jeograph~ lIay amidst
land><:ape<J p ,de"" aoo I.k "" . II providcs
con. enie nt aC<~ 10 numy ""e nic
auract ions. winerin. ¥alk ....... ", . I.u"'nt.
aoo secluded~~ The RNUn (nmpri~

a Htllel andl. 2 and3bo:<.troornfullyS('fVi<;ed,
....lfco ntainedaJl'lf\f»C1lI. and .1udiounil<a11
of which hav'e a privale hak"ny and pri,'3l(
douhl"""a

IlIj;IT'fI<JljonJiv~, ""'''''.<Jcol<,/i<'"u .'n,uu

In l"'r- nolse 21l0S
I nl<.'1'-~"" 200~ Coagn: ". will he h.,ld from
7 10 IO,\u gllSt.2005 aI I!>eSOFlTEl l101el
oa <he ~ulifuICopacaba... """.....hi n Rio d,,
Jane lfo, Braz il. The main Ih.,,,,,, of Ih"
Cone"" i. ENVrRON~1(;NTAl NOISE
COi\ TROl, but 1CC hnic~ 1 plIpcn io all . rea.
u f noi.... and ...... al;on control are ~e'1'

"' clc"","" Cong'e " plnic;pln" and
accompanying pe""ul1' "' ill ha\'c Ihe
of'P"'1un ity 10 tak( p311 in n wid( ra n~c ..r

'neia l. cult" ral "nd 5ighl_ ing 4d ivit ic'
"'t3hi...,jduring .nd~ ller the cung "'''

In,.,r. No,.., 200~ will have a very rich
cxhihmonofwnrl d"' idenni"" andvibflliioa
tqu ;pmmI. sol'l...·...." and malmals for noise

and ~ihral ion conlrol . ..........ngre".' COll' ses
anddi51IOgu;.h ,... . pcakcrs"'il1 provid.,
inflJmlalionon up· to-<fatc l«hnologiesinlhe
field. A numhe,of 51ructumJ .."iomand
dist;ngui, h<>tf lecrure<3 .., in prcflll"'lion. Tbc
congress will he the mnst prc,ti giou. noi..
control """ nt uf the year 2005. Deadl"' e for
the recc lpt ur lhe abstract5 i§)an ua.-y30. 2005
""itbfinal nu"'......Tiptvby April 30. 2005

AI this Inler.Noi", 2005 Cong", you w;1I
ontonly .,xc"" ng,, information ith a ll your
;nlematinna lcollea~ hut yoo "i llaIStlhe

abl" to e. plore lhe rich man:f1 fnr noi"' and
vihratio n eonlw l .,nginuring in Sou lh
Am. ric• . flralll~many industri al produeu

such as pa.sc ngerjet. irplane, manufarlur=d
by EMIlRAER and the largest aUiOttM ~ i.e

a....mhly plant. in lhc "", r1d r~1'",,,, nting 311
the major "' al>llo worldwide, ADd the.. are

'wo of the m~ny (3 l~gori.,S Df Soulh
American produe" fOf which noi.., and
.; hr.llinn t«hnolngy pb )'$ a very importan t
rule "'!lard Ing comrnr1 . 1>11 qual ity. OIbcr
cat"'l'onc s mclude hydrud « trie pow<:l
sunoes (numerous). food indu' ln., ••
dom e"i c "ppli. ,,,,( manufaclure ....
con<lruClionc<>mpanie.. ~nd m3ny ", hcrs

Inf",,,,uli,,n ~/q>:IIw.o,., ,..It~,~]f)(/5 . <»'1<. hr

:\ lu \ ;ca l ,\(ou"ksCours ...

The lnle rlllllional Ad\lllllCcd Cours" on
Musiocal A""""stic. (IACMA) will he beld in
BnIogr>:> (Italy). July 18·22. 2005. The """""
is e<f""'i. ny lnlf'nMdror pwpl e " ·ith ..... ic
knowk dg( of m3 th(nl~lics. phys ics .o d
ac<,." tics, hul ""i'hmnr(uperien(( in maUc,
including a ll a.peets , lik~ res",,"t;"11 and
conse rvation " f musica l in<trum~n,",

con<tro d ion of new in'If ot" Cn" , (I'
performing m" aic ina w;dely scnsc . II ....ill
COHr all a'P<'cls on musical aeuusli"',
r,""ginllfn>m lhe haoic fundamcnlalof h...,.,.
acoust ic. to npc: rimem.al aspect. of lhe
.esloralion and e'>noen-ahOD of mu~ical

i",lrumcn~,. The topic!; ate so ,mpor'lanl al~
for mnic;. n. and (u mpose ... . as "" und
ayDlhe. i. and Inorn aCOtl,lics, The k...1U"''''
""ill Cnme frnm a r.ng" of(ountri.,s tOllivc a
real in.cma tion, l o, er"iew oftb .. fa", ina ling
dl,,,,i phn( , AII lectur-es will h( in Engfioh

/~~ion Jwp:lI"'>I-'..,i<Jcnlu.if l

The 12th 11>f~'1'naIiunai COh!,""" On s....1>11
And Vltnlion (ICSVI 2) .. ill be ~d ()fI JIlIy
11 ·1~ . 2005 ,n Li' bo n. 1'or1"1 al, fbl '
enn f~ wll l havchoth .an i~nt and

c~hen"i~e""ie ntifie prog.. mnoc1f. _rl
"' ~n e".; ;I;ng """ i. 1pfOl!flImm( so Ihat yoo
C1n ....pcri"nee fir;t hand lhccnn, i<!f"' hle
cullural . rtracllon. of Li, hon and Ihe many
silesof hi" orical and gcne"' liDl<.'1'C1<l in a nd
,,,,,,nd'he eily. Th., eityhas many spl<ndid
arehl1(C1u", 1 treasures, incluJin g Ibe ", ,,,,t
heaullful bu ildlngs of lhcl l te l8 lh"""tury in
Baixa Po mbalina a nd hi.t "r ;c
llCig/lh<""ho...-..l.> , uch as Alf. ma. Ll. bon i.
"""'. ">udo:m and••·..-y.. f., c ity.

ICSV i. spo nsored by lhe IIAV (Ihe
Inte rnational In.t itnte of Ac<>u,tics aDd
Vi bfll1ion )and by ln'l illltoS upcrinrT~njco

(lSn. in eoof'C'Otiorl "' ith the f>unu suesc
A,'ou, lica l Socioft)· ,SPA). th" I'unugu~sc

Nlli ""al Civ'il r-nti ........inll l abnra tory
(LNI;CI. Ibe Spa nish Aeo ... tica l Sociely
(SEA). th" American Societ y of J>,1fChanical
I-:nl ''''''''' ( AS~IE Inle rnal;" na l) and the
Inl.,rna, i"" al UnioD of Tbcor-elica l and
applied Mcehan ie, ( llITA MI

/~i<"m"li"n : " ......',ic,n ·/l,;., ' w/lpl .
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NOR 118 Sound Level Meter
A Type 1 meter for
compre hensive measuring
and ana lysis

1/1 & 113Oct ave fil ters
Statistical calculation for A- and C- (or Z) networks

plus all frequ ency bands
Parallel F, S. I time constants
In-built electronic level recorder plots level YS. lime
Multi-spec trum function provides spectr a vs. time
Reverbe ration Time in Octave and 1/3 Octave band s
Sound Power

J years warranty on all HW parts, incl . SW updates

~y NOR-121 Environmental
Analyser and Monitor

Specifically designed for noise assessments

Records the sound itself
Pure tone detection mode

Measures all time constants

and the A, C and linear
weightjogs simultaneously

Results can be exported

via PC slot, RS-232 serial and

Centronics parallel ports

Comprehensive marker functions;
user selectable labels

...and yes it has a

dual channel option

ETMC Technologies
619 DarlingStreet ROZELLENSW 2039

Tel: (02)9555 1225 Fax: (02)98104022 Web:www.etmc.com.au
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